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Abstract
Biodiversity and ecosystem services assessment constitutes a critical foundation
for ecosystem management and decision-making, with indicator systems serving
as the primary tools for such evaluations. In China, the construction of biodiver-
sity and ecosystem services assessment indicator systems has been hampered by
the lack of unified indicator frameworks and technical methodologies, resulting
in low comparability of assessment results across different regions and impeding
integrated research at regional and national scales. Consequently, the develop-
ment of a scientific, systematic, and standardized biodiversity and ecosystem
services assessment indicator system applicable at the national scale in China
represents a pressing issue requiring immediate research attention. This paper
draws upon major research achievements in biodiversity and ecosystem services
assessment both domestically and internationally, proposes the fundamental
principles for constructing such indicator systems based on a comprehensive
consideration of the “biodiversity-ecosystem structure-process and function-
services”cascade relationship, and develops a biodiversity and ecosystem services
assessment indicator system tailored for China.
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Abstract
Assessment of biodiversity and ecosystem services provides an important foun-
dation for ecosystem management and decision-making, with indicator systems
serving as the primary tools for such evaluations. However, China has yet to
develop unified indicator systems and methods for biodiversity and ecosystem
services evaluation, resulting in poor comparability of assessment results across
different regions and difficulties in conducting integrated studies at regional and
national scales. Therefore, establishing a scientific, systematic, and standard-
ized indicator system for biodiversity and ecosystem services evaluation in China
is an urgent priority.

This paper proposes principles for constructing evaluation indicator systems and
establishes a comprehensive indicator system for biodiversity and ecosystem ser-
vices assessment in China. The framework draws upon major research outcomes
in biodiversity and ecosystem services studies worldwide and incorporates the
cascade relationships among biodiversity, ecosystem structure, processes and
functions, and ecosystem services. The resulting indicator system provides a
foundation for quantitative assessment of biodiversity and ecosystem services in
China.

Keywords: ecosystem services; biodiversity; evaluation; indicator system

Human well-being depends fundamentally on biodiversity and ecosystem ser-
vices. Rapid population growth and socioeconomic development have placed
increasing pressure on these systems, creating a vicious cycle of biodiversity
loss, degraded ecosystem services, and poverty. In response to these challenges,
the global community has intensified efforts to address biodiversity loss and
ecosystem service degradation. The Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services (IPBES) was formally established in
2012 under the United Nations Environment Programme (UNEP), representing
renewed worldwide attention to ecosystem services following the Millennium
Ecosystem Assessment (MA) and establishing another major intergovernmen-
tal global environmental assessment initiative alongside the Intergovernmental
Panel on Climate Change (IPCC).

China has conducted biodiversity conservation and ecosystem services research
for several decades, undertaking extensive fundamental and applied studies in
nature reserve construction, ecological function zoning, biodiversity monitoring
and evaluation, and biodiversity data management and information networking.
However, unified indicator systems and technical methods remain underdevel-
oped, resulting in poor comparability of assessment results across regions and
limiting the ability to conduct integrated regional and national-scale studies.
This paper draws upon major international research outcomes in biodiversity
and ecosystem services evaluation, establishes key principles for indicator sys-
tem construction based on cascade relationships among biodiversity, ecosystem
structure, processes and functions, and employs frequency analysis and expert
consultation methods to develop a comprehensive indicator system tailored to

chinarxiv.org/items/chinaxiv-201702.00091 Machine Translation

https://chinarxiv.org/items/chinaxiv-201702.00091


China’s national context. Building upon existing monitoring research, we also
discuss quantitative assessment methods, data requirements, and accessibility
to provide theoretical and technical foundations for precise evaluation of biodi-
versity and ecosystem services in China.

1. Conceptual Framework for Biodiversity and Ecosystem
Services Assessment
A conceptual framework is essential for constructing biodiversity and ecosystem
services assessment indicator systems, providing the theoretical foundation for
this work. This study first establishes a cascade conceptual framework linking
biodiversity, ecosystem structure, processes and functions, and services.

Biodiversity—encompassing species richness, genetic diversity, and spatial dis-
tribution—represents a component of natural heritage. Within specific systems,
biodiversity influences ecosystem services by affecting the flows of materials, en-
ergy, and information and their interactive processes. As the prerequisite and
foundation for all ecosystem functions and services, biodiversity determines the
capacity of ecosystems to provide benefits to humanity. Ecosystem services refer
to all benefits that humans obtain from ecosystems, formed by the interactions
of ecosystem functions including supporting, regulating, and cultural services.
The biophysical structures and processes of ecosystems manifest as ecosystem
structure and function characteristics, whose stability ensures sustained service
provision. A single ecosystem function can generate one or multiple ecosystem
services, while a particular service may derive from one or multiple functions,
creating many-to-many relationships between functions and services. Support-
ing services (or intermediate services) generate and sustain other services, with
their values embodied in final services that directly contribute to human well-
being.

[Figure 1: see original paper] “Biodiversity—Ecosystem Structure—Processes
and Functions—Services”Cascade Conceptual Framework [3-4]

1. Principles for Establishing the Indicator System
Establishing clear principles is fundamental to ensuring objectivity, impartiality,
and operability of the indicator system. Drawing upon existing indicator system
development experience [1, 5-8] and considering China’s unique biodiversity and
ecosystem services characteristics, we synthesized current research outcomes and
adopted the Final Ecosystem Goods and Services (FEGS) classification frame-
work. From a practical perspective, the Common International Classification
of Ecosystem Goods and Services (CICES) categorizes final ecosystem services
into four groups directly related to human well-being: health, production fac-
tors, and natural diversity [9]. This final ecosystem services classification avoids
definitional ambiguity, reduces double-counting, links natural systems with hu-
man society, and facilitates understanding and communication by identifying
service beneficiaries [10].
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Based on ecosystem attribute characteristics and functional evaluation perspec-
tives, we prioritized ecosystem structure and function parameters to establish
connections with ecosystem services. Ecosystem attribute-based indicators en-
able long-term assessment and prediction of ecosystem services. Without distin-
guishing ecosystem types, different ecosystems may share common functions or
attributes, though specific service categories and magnitudes may vary. There-
fore, the indicator system does not list separate ecosystem types. However,
given differences between terrestrial and aquatic ecosystems, we included both
common indicators and specific metrics for aquatic systems, such as the Marine
Trophic Index.

Considering the relative unity and independence of biodiversity and service in-
dicators, biodiversity assessment serves as the foundation for ecosystem services
evaluation, with services as the ultimate focus. We selected only biodiversity
indicators with direct service linkages, excluding genetic-level diversity given
current knowledge limitations. Consequently, biodiversity and ecosystem ser-
vice indicators were developed as relatively independent but complementary
systems. Most selected indicators are employed by renowned international orga-
nizations or national assessments, while also incorporating metrics from Chinese
programs such as China’s Fourth National Report on Biodiversity [11] and the
China Western Ecosystem Assessment [12].

2. Indicator System Screening Methods
To ensure objectivity and minimize subjective bias, we prioritized quantifiable
indicators with reliable data sources that are easily obtainable. Given limited
resources for indicator development and testing, inappropriate indicators could
divert funds from effective conservation and management objectives. We there-
fore selected economical indicators applicable at regional and national scales
that enable efficient resource utilization.

Common indicator screening methods include frequency analysis, expert consul-
tation, and analytic hierarchy process [13]. This study combined expert consul-
tation and frequency analysis. First, we used frequency analysis to statistically
evaluate practical indicators from major international biodiversity and ecosys-
tem assessment studies, selecting frequently used metrics. We then adapted
these to China’s context considering national biodiversity and ecosystem ser-
vices characteristics. Finally, expert opinions were solicited to refine and adjust
the indicator selection, resulting in a comprehensive indicator system for China’
s biodiversity and ecosystem services assessment.

1. Biodiversity Assessment Indicator System
Based on the established principles, the biodiversity indicator system empha-
sizes major international biodiversity assessment outcomes while incorporating
multiple taxonomic groups. Birds and butterflies serve as indicator species re-
flecting environmental conditions, complemented by China-specific metrics such

chinarxiv.org/items/chinaxiv-201702.00091 Machine Translation

https://chinarxiv.org/items/chinaxiv-201702.00091


as minimum population sizes of endemic plants. The system includes three cat-
egories: pressure, state and trend, and response indicators.

Pressure indicators encompass climate change, urbanization, and landscape frag-
mentation. State and trend indicators include species richness, phenology, and
six thematic metrics. Response indicators comprise nature reserve establishment
and sustainable management. The resulting biodiversity assessment indicator
system integrates these components into a comprehensive framework.

Biodiversity Assessment Indicator System in China

2. Ecosystem Services Assessment Indicator System
In constructing the ecosystem services indicator system, we considered relation-
ships between ecosystem attribute parameters and service indicators, as well
as connections to three human benefit categories: health, production factors,
and natural diversity. The system includes provisioning, regulating, and cul-
tural services. Provisioning services comprise freshwater, genetic and biologi-
cal resources, and timber and fiber. Regulating services include climate change
mitigation, local microclimate regulation, air quality regulation, natural disaster
regulation, and pest and disease control. Cultural services encompass recreation
and cultural diversity.

Ecosystem Services Assessment Indicator System in China

3. Quantitative Methods for Assessment
We integrated direct observation, calculation, and simulation methods to deter-
mine evaluation approaches for each indicator. For biodiversity indicators, plant
species counts, population sizes, and phenological periods use direct observation,
while landscape fragmentation and Marine Trophic Index employ computational
or simulation methods [14-18]. The Living Planet Index requires chain methods
or generalized additive models (GAM) [19].

For ecosystem services indicators, ecosystem types and World Heritage site
counts use direct observation or literature review. Forest aboveground biomass
is obtained through remote sensing or biomass conversion factors [20-22]. Grass-
land forage yield uses linear or nonlinear stepwise regression analysis [23]. Oxy-
gen release and dust retention are calculated based on specific quantitative
relationships with plant carbon sequestration [25-26]. Soil retention and actual
evapotranspiration use the soil loss equation and water balance method, respec-
tively. County-level administrative maps are overlaid with land use maps in
ArcGIS for additive calculations [27]. Water yield, crop production potential,
and ecosystem carbon fixation utilize models including ORYZA2000, Hybrid-
Maize, CERES-Wheat, CASA, and CENTURY, while InVEST modules calcu-
late aquatic vegetation carbon sequestration [28-32].
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4. Data Requirements and Accessibility Analysis
Data requirements and accessibility for China’s biodiversity and ecosystem ser-
vices assessment are summarized in Table 3. Although national biodiversity and
ecosystem observation networks have received governmental support, coverage
remains limited and lacks periodic ecosystem status surveys and assessments
[33]. Current data infrastructure is insufficient for comprehensive evaluation,
with some data obtainable only through literature review or plot-scale experi-
ments, such as regional species counts.

Model-simulated ecosystem services require input data such as land use/cover
classification maps from remote sensing interpretation. For example, the
ORYZA2000 crop model requires rice yield potential data, while InVEST’s
water yield module needs vegetation type maps. Other requirements include
net primary productivity, soil respiration, and net ecosystem carbon exchange
data.

Data Requirements and Accessibility for Biodiversity and Ecosystem Services
Evaluation in China

4. Discussion
The uncertain relationship between biodiversity and ecosystem services neces-
sitates independent yet complementary assessment approaches. While we se-
lected biodiversity indicators conceptually linked to services, these relationships
require validation through extensive case studies. The essence of ecosystem ser-
vices lies in ecosystem functions, with assessment focusing on functional quan-
tification and spatial modeling. Although most selected service indicators can
establish direct relationships with ecosystem attributes, current knowledge and
data limitations mean specific service indicators may cover only certain aspects
of thematic indicators.

The current indicator system addresses service supply but not demand, pri-
marily due to inadequate theoretical foundations and data support for supply-
demand balance analysis [34]. Indicators for analyzing service demand and
supply-demand relationships require further development.

5. Conclusion
Biodiversity and ecosystem services assessment is crucial for ecosystem manage-
ment and decision-making, with indicators and models as fundamental tools.
Current systems face numerous challenges stemming from insufficient under-
standing of biodiversity’s complex structures, functions, and processes, and the
intricate relationships between ecological and socioeconomic processes. This in-
dicator system adopts a final ecosystem services classification based on ecosys-
tem attributes, considering the relative unity and independence of biodiversity
and service indicators. Most indicators can be determined using GIS and remote
sensing technologies.
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The framework offers operational feasibility and transferability, though indi-
cator rationality requires further refinement through extensive case studies at
national and regional scales in China. Such improvements will enable precise
biodiversity and ecosystem services assessment to truly inform ecosystem man-
agement decisions.
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