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Abstract The large-scale loss of ecosystem assets around

the world, and the resultant reduction in the provision of

nature’s benefits to people, underscores the urgent need for

better metrics of ecological performance as well as their

integration into decision-making. Gross ecosystem product

(GEP) is a measure of the aggregate monetary value of

final ecosystem-related goods and services in a specific

area and for a given accounting period. GEP accounting

captures the use of many ecosystem services in production

processes across the economy, which are then valued in

terms of their benefits to society. GEP has five key

elements that make it transparent, trackable, and readily

understandable: (1) a focus on nature’s contributions to

people; (2) the measurement of ecosystem assets as stocks

and ecosystem services as flows; (3) the quantification of

ecosystem service use; (4) an understanding of ecosystem

service supply chains through value realization; and (5) the

disaggregation of benefits across groups. Correspondingly,

a series of innovative policies based on GEP have been

designed and implemented in China. The theoretical and

practical lessons provided by these experiences can support

continued policy innovation for green and inclusive

development around the world.
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INTRODUCTION

As conventionally measured by gross domestic product

(GDP) in constant dollars terms, the world economy more

than doubled between 1990 and 2022 (World Bank 2023).

However, the world’s stocks of ecosystem assets—such as

forests, grassland, wetlands, fertile soils, and biodiver-

sity—and their flows of ecosystem services have come

under increasing stress and disturbance (Ouyang et al.

2020). The loss and degradation of ecosystem assets sig-

nificantly impairs the resilience and sustainability of

ecosystem services and consequently poses a threat to

economic activity and human well-being (MA 2005;

Rockström et al. 2009; IPCC 2018; Diaz et al. 2018; IUCN

2019; IPBES 2019; Polasky et al. 2019). There has been

growing recognition in recent years that the way we mea-

sure development and well-being has tremendous short-

comings demanding (e.g., Stiglitz et al. 2010).

In particular, there have been growing calls to better

account for the contribution of nature to human well-be-

ing—that is, to mainstream ecosystem services into deci-

sion-making (MA 2005; Ouyang et al. 2020). Over the past

three decades, the economic value of specific ecosystem

types—such as forests, wetlands, mountains, coasts, and

lakes—and specific ecosystem services—such as pollina-

tion (Ricketts et al. 2004; Breeze et al. 2016; Matias et al.

2017), pest control (Cleveland et al. 2006; Karp et al. 2013;

Zhang et al. 2018), and water purification (Keeler et al.

2012; Zheng et al. 2013)—have been assessed at the

watershed, regional, and even global scales (de Groot et al.

2012; Rao et al. 2015; Reynaud and Lanzanova 2017;

Chaplin-Kramer et al. 2019; Davidson et al. 2019; Gret-

Regamey and Weibel 2020; Jiang et al. 2021b; Taye et al.

2021). These studies have contributed to a global move-

ment connecting ecology with economics, conservation

with development (Mandle et al. 2019; D’Amato et al.

2020; Ding et al. 2022).

In 2012, the United Nations approved a global frame-

work called the System of Environmental–Economic

Accounting (SEEA) (see https://seea.un.org and http://go.

nature.com/38lc38h). Since then, several initiatives have
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built environmental-economic accounts using the SEEA

framework, including the United Nations Statistics Divi-

sion’s Natural Capital Accounting and Valuation of

Ecosystem Services project and the Wealth Accounting

and Valuation of Ecosystem Services partnership led by the

World Bank. This approach has also recently been applied

at the country scale (Banerjee et al. 2019a, b). Relatedly,

the World Bank has sought to measure the Changing

Wealth of Nations (World Bank 2021), aiming to incor-

porate ecosystem assets alongside more conventional forms

of capital, and various groups have pursued similar

approaches to quantify inclusive/comprehensive wealth

(Hamilton and Clemens 1999; World Bank 2006, 2011;

Arrow et al. 2012; United Nations University et al.

2012, 2014; Polasky et al. 2015; Managi and Kumar 2018).

However, the goal of simultaneously accounting of

ecosystem assets (which are stocks) and the services they

provide (which are flows), and then to distinguish the

supply from the use of ecosystem services, has remained a

conceptual, methodological, and practical challenge (Maes

et al. 2018; Vallecillo et al. 2020). In particular, while

ecosystem services or natural capital accounting has been

conducted across the world, the question of how to move

from accounting knowledge to action remains largely

unanswered (Daily and Ruckelshaus 2022).

Because of China’s economic scale and complexity,

along with the challenging dynamic between its rapid

growth and severe ecological impacts, innovative approa-

ches have been developed to mainstream ecosystem ser-

vices into decision-making. The need to protect and restore

ecosystem assets and enhance the flow of ecosystem ser-

vices has been acknowledged at the highest levels of

government. For instance, in a widely cited speech to the

19th National Congress of the ruling Communist Party of

China (CPC), President Xi Jinping averred that, ‘‘Lucid

waters and lush mountains are invaluable assets’’ (The

Chinese Government 2015). To advance this ideal of sus-

tainability, scholars put forward the concept of gross

ecosystem product (GEP) to account for nature’s contri-

bution to people (Ouyang et al. 2013).

GEP builds on prior work that have developed inte-

grated environmental-economic accounts, including the

UN SEEA (United Nations et al. 2012) and the SEEA

Experimental Ecosystem Accounting framework (EEA)

(United Nations et al. 2013). In the latest version of the

SEEA-EA, the concept of GEP was included as a potential

indicator to account for ecosystem services flows in mon-

etary terms (UN 2021). GEP is now being implemented in

a variety of decision-making contexts across China and

several other countries such as Colombia, Sri Lanka, and

Sweden, which are planning to engage in GEP accounting.

This paper will (i) introduce the GEP concept, including its

principles and accounting methods and (ii) summarize the

real-world experiences of applying GEP to support envi-

ronmental policy innovation. These lessons can help

inform the scaling-up of local and national successes in

natural capital stewardship to the global scale.

THE GEP CONCEPT AND ITS DEFINING

CHARACTERISTICS

Stocks of ecosystem assets are the material basis for the

resilience and sustainability of ecosystem service flows

(Ouyang et al. 2020; Vári et al. 2022). Ecosystem assets, as

measured by ecosystem extent, configuration, and condi-

tion, generate ecosystem service supply (i.e., ecosystem

service capacity). When different stakeholders at different

scales (e.g., local, regional, global) make specific demands

(e.g., for food, water, health, security) (MA 2005), they

rely on ecosystem service supplies to realize social bene-

fits. Ecosystem service supplies are partially and fully

consumed by people, thereby becoming utilized ecosystem

services (Maes et al. 2018) (Fig. 1 and Box 1). The

aggregate monetary value of these utilized ecosystem ser-

vices in a given region and accounting period is GEP

(Ouyang et al. 2013, 2020). Here, ecosystem services can

be classified into material services (the contribution of

nature to the provision of food, water supply, and so forth),

regulating services (the contribution of nature to carbon

sequestration, flood mitigation, soil retention, sandstorm

prevention, and so forth), and nonmaterial services (the

contribution of nature to eco-tourism, nature experience for

mental health, and so forth) (Diaz et al. 2018).

GEP is a measure that translates ecosystems’ contribu-

tions to people into economic and monetary terms, which is

fundamental to assessing the actual use and valuation of

ecosystem services. Analogous to GDP, GEP uses market

prices and surrogates for market prices to calculate the

accounting value of ecosystem services. These are then

aggregated into a measure of the contribution of ecosys-

tems to the economy. The power of GEP is enhanced

through the use of similar methods as those underpinning

GDP. GEP can be a useful complement to GDP, high-

lighting the contribution of nature overlooked in GDP

calculations. It is important to note the overlap between

GEP and GDP (Fig. 2), since some ecosystem service

outputs included in GEP are also inputs into the production

of the goods and services measured in GDP (e.g., agri-

cultural products, timber, eco-tourism). For this reason, one

cannot simply sum GEP and GDP and generate a mean-

ingful value.

In summary, GEP is an innovative contribution to the

knowledge foundation and practice relating to ecosystem

services and natural capital in two primary ways. First,

GEP is a novel aggregate measure of the value of utilized
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ecosystem services, which summarizes key contributions

that nature makes to the economy (Ouyang et al. 2013; Ma

et al. 2015; Ouyang and Jin 2017). Second, the principles

and strict definitions applied to GEP—to be discussed

subsequently—provide clear linkages with decision-mak-

ing and have demonstrated broad policy applicability in

China, and can also be applied in other countries. GEP is a

lower-bound measure of the contributions of ecosystems to

society because people are completely interdependent with

nature in ways that cannot be captured meaningfully in

economic terms (e.g., Goulder and Kennedy 1997; Kim-

merer 2013). Yet GEP offers a powerful approach to

transform the economic system to recognize key values

that are presently invisible in decision-making.

GEP ACCOUNTING METHODS

Four steps are needed to understand and properly assess

GEP: (i) ecosystem asset stock accounting; (ii) ecosystem

service supply accounting; (iii) combining supply and

demand for ecosystem service quantity and price

accounting (which determines the value of each ecosystem

service); and (iv) aggregation across value of ecosystem

services for GEP accounting (Fig. 3). Ouyang et al. (2020)

combine data on ecosystem assets, recent advances in

ecosystem services modeling, and combining supply with

demand to determine quantity and price, to show that the

GEP accounting can be done using existing data.

A complete environmental-economic accounting sys-

tems, for instance as envisioned in SEEA, would include

measures of the value of the flow of ecosystem services

(GEP) along with the value of ecosystem stocks (a measure

of wealth). Measuring the value of ecosystem assets is

important for sustainability. In fact, maintaining or

increasing the value of inclusive wealth, which is a mea-

sure of the value of all assets that includes natural capital

(which includes ecosystem assets), manufactured capital,

human capital, and social capital, is a measure of sustain-

ability (Arrow et al. 2012; Polasky et al. 2015). Measuring

the value of ecosystem assets, however, is challenging. One

method to value ecosystem assets is to measure the value of

ecosystem services they generate and use the income-

capitalization-method (Bo et al. 2017). In what follows, we

focus on accurately assessing the value of ecosystem ser-

vices and aggregating these values into GEP, which

requires ecosystem asset accounting but not assessing the

value of ecosystem assets.

Ecosystem asset stock accounting

Sustainable flows of ecosystem services depend upon

maintaining the stock of ecosystem assets (in terms of

Box 1. Several related concepts for GEP accounting

• Ecosystem assets: stocks referring to the ecosystems that provide services that support human well-being (Ouyang

et al. 2016a; Song et al. 2019). Comprehensive information is needed on the extent (area), spatial configuration, and

condition (quality) of ecosystems (e.g., forest, grassland, wetland, and farmland).

• Ecosystem service flow: the process of ecosystem services going from the provisioning area and its ecosystem

stewards to the beneficiary areas and their consumers (Wang et al. 2022).

• Ecosystem service supply: an ecosystem’s theoretical capacity to produce services, which is determined by

ecosystem structure and function (Wang et al. 2022).

• Ecosystem service use: the amount of produced ecosystem services that reaches and benefits people.

Ecosystem 
extent, 

configuration, 
and condition

Capacity of 
ecosystem to

produce 
services

Ecosystem 
service use

Ecosystem 
assets

Ecosystem 
service demand

Ecosystem 
service flow

Ecosystem 
service flow

Ecosystem 
service supply

Fig. 1 Relationships between ecosystem assets, ecosystem service supplies, and ecosystem services use (Modified from Maes et al. 2018)
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extent, configuration, and quality). Ecosystem assets

include natural ecosystem assets (e.g., forests, shrublands,

grasslands, rivers, and lakes) and modified ecosystem

assets (e.g., farmland and reservoirs) (Ouyang et al. 2016b;

Vackaru and Grammatikopoulou 2019). In contrast to some

conventional definitions of ‘‘natural capital,’’ ecosystem

assets do not include coal, oil, natural gas, and other abiotic

resources that cannot be regenerated over a practical

timeframe (Turner and Daily 2008; Ouyang et al. 2016b).

The evaluation of ecosystem assets encompasses analysis

of the extent (e.g., the areas covered by different ecosystem

types) and condition (e.g., biomass, water quality, vegeta-

tion coverage) of ecosystems, as well as the integration of

these factors. Field surveys and remote sensing are two of

the most commonly used ways to study the status and

trends of ecosystem assets (Huang et al. 2020).

Ecosystem service supply accounting

Ecosystem service supply focuses on the biophysical pro-

duction function of ecosystems services. A series of bio-

physical models and software, such as the Integrated

Valuation of Ecosystem Services and Tradeoffs (InVEST)

(Sharp et al. 2018), or the Soil and Water Assessment Tool

(SWAT) (Arnold et al. 2012), can be used to assess

ecosystem service supply. Ecosystem service supply can be

quantified by applying these models to data on ecosystem

assets (as determined in step 1) and additional biophysical

information (e.g., soil, slope, climate data). Accurate and

spatially explicit parameters play a key role in assessing

ecosystem service supply. Ecosystem surveys conducted

within a unified temporal-spatial scale are essential for

accurate accounting.

Ecosystem service value accounting

Combining supply of an ecosystem service (as determined

in step 2) with demand for an ecosystem service can be

used to determine ecosystem service quantity (amount of

ecosystem service actually used), and price for an

ecosystem service. Ecosystem service demand is defined as

the willingness-to-pay for an ecosystem service and rep-

resents the contribution of an ecosystem service to human

well-being expressed in monetary terms. Multiplying

ecosystem service quantity by price determines ecosystem

service value.

Fig. 2 Relationship between GDP and GEP: complementary but overlapping measures
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To maintain consistency in the accounting of ecosystem

services (so that different services can be aggregated using

a common unit in step 4), monetary valuation in GEP is

based on exchange price—prices at which goods and ser-

vices are exchanged in markets, or estimation of exchange

prices for non-market goods and services. Monetary values

in GEP can therefore potentially be used to analyze the

contribution of nature to the economy for many purposes

(Hein et al. 2020), such as green growth evaluation, ben-

efit–cost analysis, payments for ecosystem services, and the

development of GEP-based financing mechanisms.

Where available, data on market prices are used. In

cases where market prices for ecosystem services are not

available, the price may be estimated by using market

prices in related markets. For example, the hedonic prop-

erty price method uses property prices to estimate the value

of environmental amenities (Freeman et al. 2014). Prices of

final goods that combine ecosystem services and other

inputs can be used to estimate the value of ecosystem

services by subtracting the value (cost) of other inputs from

the value of the final good (Ouyang et al. 2020). In addi-

tion, other revealed and stated preference methods are

available to use to estimate non-market values (Freeman

et al. 2014). The UN Statistics Division has recommen-

dations on pricing methods for different ecosystem services

(UN 2021).

In some cases, the price of an ecosystem service will be

zero, as for example where an ecosystem provides a service

that is not used by anyone (e.g., water purification is an

uninhabited watershed). Even when there is demand for an

ecosystem service, the price will be zero when demand for

the service is less than supply when price is zero. For

example, vegetation in ecosystems produces oxygen that is

essential for human life. However, the supply of oxygen in

the atmosphere is currently so large that it exceeds demand

even when price is zero.

By using readily calculable ecosystem service account-

ing prices, which presently represents the most challenging

step in accounting, GEP provides a tractable approach for

bringing ecosystem services—including those that are not

marketed—into decision-making processes and

institutions.

Aggregation into GEP

The last step in GEP accounting is to combine the values of

different ecosystem services into an aggregate measure of

GEP, which is defined as:

GEP ¼
X

i2I

cipiqi

where I is the set of ecosystem services, ci is the proportion

of the accounting value of a given ecosystem service

attributable to nature, pi is the accounting price of

ecosystem service i, and qi is the quantity of ecosystem

service i. For regulating ecosystem services, the entire

value of a given service is attributable to nature (ci = 1).

For other services, including many material services, there

are contributions from human labor and human-made

inputs, so ci\ 1. In aggregating ecosystem service values,

care must be taken to avoid double-counting of values. For

example, including both the value of pollination services

and the value of crop production attributable to nature

would double count the contribution of pollinators to the

value of crop production.

THE APPLICATION OF GEP IN POLICY

There are now numerous applications of GEP accounting.

As of the writing of this paper, China has conducted at least

196 GEP projects at different scales including 16, 29, and

151 at the provincial, municipal, and county levels,

respectively (Fig. 4A–C). To improve GEP accounting for

different administrative regions and in different geo-

graphical, climatic, and cultural settings, China has issued

a total of 16 GEP accounting technical specifications/

guidelines (Fig. 4D), with one at the national level and 15

at the local level. In particular, the National Development

and Reform Commission and the National Statistics

Bureau of China jointly released GEP accounting standards

(‘‘Ecosystem Assessment Guidelines for Gross Ecosystem

Product Accounting’’) (NDRC and NSB 2022) to stan-

dardize approaches across the country. Of the 15 local

specifications, seven were issued at the provincial level,

Ecosystem asset stock accounting

extent, configuration, and condition

Ecosystem service supply accounting

Ecosystem service value accounting

GEP Accounting

Material, regulating and nonmaterial ES

Combining ecosystem 
service supply and demand

Aggregation across 
ecosystem services

Biophysical models

Institutions 
and actors

Decisions

Quantity and price

Fig. 3 GEP accounting processes in the context of decision-making
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seven at the municipal level, and one at the county level

(Fig. 4). Differences in the abovementioned GEP

accounting technical specifications are mainly in terms of

the indicator system, accounting parameters, and pricing

methods—which depend on data accessibility. The speci-

fication for a given region allows GEP accounting results to

be intertemporally comparable.

The concept, principles, strict definitions, and account-

ing components of GEP provide a transparent, trackable,

and easily understandable way to integrate the value of

ecosystem assets as well as ecosystem services into deci-

sion-making processes. These elements also provide oper-

ational pathways for supporting green and inclusive

development at various scales. Five following policy-

related elements are emphasized in GEP (Fig. 5).

The first element is focusing on nature’s contribution to

people. GEP focuses on nature’s contribution to people,

which provide an important indicator for integrating the

ecological determinants of human well-being into eco-

nomic development. The indicator can be used to support

policy evaluation as well as the standardization of gov-

ernment or enterprise performance, in order to guide them

toward increasing nature’s contributions to people.

The second element is measuring both ecosystem assets

as stocks and ecosystem services as flows. Ecosystem asset

stocks and ecosystem services flows are simultaneously

assessed in GEP accounting. It is thereby feasible to

acquire relevant information on the providers of ecosystem

services and the quantity of ecosystem service use deliv-

ered to beneficiaries. This information is crucial for the

evaluation of eco-compensation (i.e., payments for

ecosystem services), in terms of identification of recipients,

allocation of funds, and overall effectiveness.

The third element is quantifying used ecosystem ser-

vices. GEP measures ecosystem service use in monetary

terms. This opens channels between GEP accounting and

cost–benefit analysis as well as toward potential market

transactions. Correspondingly, ecosystem asset transac-

tions and GEP-based green financing mechanisms have

been developed (as will be discussed subsequently).

The fourth element is understanding ecosystem service

supply chains through value realization. Ecosystem assets

generate ecosystem service supplies, which then are uti-

lized in whole or in part by society and thereby translated

into ecosystem service use. A transparent and traceable

supply chain produces three key pieces of information for

Fig. 4 GEP accounting pilot projects and official accounting specifications in China at the provincial, municipal, and county levels. A–C refer to

projects at the provincial, municipal, and county levels, respectively. D refers to the accounting specifications published by administrative level
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policy: (i) where ecosystem services are generated; (ii) how

much ecosystem service supply produced, and (iii) the

quantity of utilized ecosystem services, including who

actually benefits from them. This information can delin-

eate, for example, the roles played by rural land stewards,

governments, and enterprises, which can inform procure-

ment, zoning, and other forms of policy.

The fifth element is disaggregating benefits across dif-

ferent groups. Each ecosystem service has one or multiple

beneficiaries at various spatial scales. GEP can clearly link

the beneficiaries and stakeholders of ecosystem service use

at the local, regional, and global scales, and correspond-

ingly disaggregate benefits across different groups. For

example, the beneficiaries of the water retention service

flow can be disaggregated into residents, enterprises, and

farmers at specific spatial scales. It can also be disaggre-

gated into stakeholders at the local, watershed, and regional

scales. Disaggregating beneficiaries and stakeholders at

different spatial scales provides information for the

development of financing and credit systems for ecological

protection and natural capital-based economic

development.

China has advanced a series of innovative policies by

synthesizing lessons from existing applications of GEP

accounting as well as earlier examples of effective

ecosystem services management and payment schemes

(Arkema et al. 2015; Olander et al. 2017; Rieb et al. 2017;

Van Wensem et al. 2017; Mastrángelo et al. 2019; Mandle

et al. 2021). Five of these policies are detailed below

(Fig. 5).

Establishing a GEP-based administrative evaluation

system

As a useful complement to GDP, GEP highlights the

contribution of nature overlooked in GDP calculations.

GEP accounting can be incorporated into the performance

evaluation system of administrators to guide development

that incentivizes ecosystem protection and restoration and

to promote green, inclusive development.

GEP application mechanism

Both higher-tiered and lower-tiered governments, along-

side ecosystem service providers (often land stewards), are

involved in GEP-based systems of administration evalua-

tion. The higher-tiered government (e.g., city level) uses

GEP to evaluate the performance of lower-tiered admin-

istrators (e.g., at the county level), who are directly

responsible for governing ecosystem service providers

(Fig. 6a). In many administrative regions (e.g., the cities of

Lishui, Shenzhen, and Pu’er, and Ezhou), the government

has clarified the responsibility of their lower-tiered coun-

terparts (e.g., counties) and their constituent departments

for enhancing GEP.1 Both GEP and GDP growth have

become binding performance metrics in the evaluation

system for a number of counties. GEP is also being used to

audit the performance of officials leaving their posts (Lan

and Liu 2022), serving as a benchmark for promotion or

retirement prospects. During evaluation processes, the GEP

improvement target is usually set every 5 years, and the

administrative evaluation of progress toward that goal is

disclosed to the public annually.

Effectiveness

The incorporation of GEP into administrative evaluation

has institutionalized the incentive to advance ecosystem

protection and restoration (e.g., in Lishui).2 The GEP-GDP

dual growth mandate has guided the city for achieving

1 http://gi.mnr.gov.cn/202004/t20200427_2510189.html.
2 http://www.gov.cn/xinwen/2021-03/24/content_5595373.htm.

Ecosystem 
assets

Ecosystem 
service 
supply

(i) Focusing on nature’s contribution to 
people

(ii) Measuring both ecosystem assets as 
stocks and ecosystem services as flows

(v) Disaggregating benefits across different 
groups

(i) Establishing a GEP-based 
administrative evaluation system

(ii) Improving eco-compensation 
policy

(v) Establishing a GEP credit system

Ecosystem 
service use

GEP

GEP accounting Policy-related elements Policy supporting

Increase 
GEP 
and 

promote 
green 

growth

Goals

(iii) Quantifying used ecosystem services (iii) Developing a GEP-based 
financing mechanism

(iv) Understanding ecosystem service supply 
chains through value realization

(iv) Establishing a GEP-based 
procurement system

Fig. 5 GEP accounting, policy-related elements, and applications in policy
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Fig. 6 Policy application typology of GEP and ecosystem asset (EA) in China
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improvements in both indicators (e.g., in Shenzhen).3 After

institutionalizing GEP performance evaluation, the higher-

tiered government (at the city level) can correspondingly

implement reward and punishment mechanisms to spur

investment in natural capital, with GEP and its growth rate

serving as the reference standard. Furthermore, a GEP-

based mechanism to balance requisition and compensation

was established in certain regions to incentivize lower-

tiered governments, private sector businesses, and civil

society to participate in ecological conservation (LSDRC

2022). For example, if a development project causes a GEP

decrease that cannot be offset on-site, the developers would

be compelled to pay a ‘‘Two-Mountain Company

(TMC)’’—a new type of firm that has a business model

predicated on supplying ecosystem services through

GEP—for off-site ecosystem restoration to make up for the

original GEP decrement.

Key lessons learned

Using GEP as an administrative evaluation indicator can

strongly incentivize public agencies to carry out resource

conservation, green industrial activities, and sustainable

project investments, while also more generally incentiviz-

ing ecosystem protection and restoration efforts. Adopting

GEP performance evaluation has also promoted improve-

ments in environmental monitoring to inform GEP

accounting, so progress and shortcomings are more accu-

rately captured (LSDRC 2022).

Improving eco-compensation policy

GEP can help address two major difficulties in the imple-

mentation of eco-compensation (i.e., public payment for

ecosystem services policies), including in China: the

determination of compensation standards and benefits

accounting and, relatedly, the reasonable distribution of

compensation funds (i.e., the amount paid is commensurate

with the value of services provisioned).

GEP application mechanism

Usually, ecosystem service providers and beneficiaries are

involved in eco-compensation policies. Based on ecosys-

tem services flow accounting in GEP, the changes in the

value of ecosystem service use resulting from eco-com-

pensation provide important information on policy stan-

dards and benefits evaluation (Fig. 6b). For example, the

costs and benefits of the ‘‘paddy-to-dry’’ eco-compensation

policy in Beijing’s Miyun Reservoir Basin were effectively

accounted by considering the flow from the suppliers to the

beneficiaries of the water supply and purification services

(Zheng et al. 2013). In addition, ecosystem asset account-

ing in GEP can help optimize the allocation of eco-com-

pensation funds, based on the proportional relationship

between GEP values generated by ecosystem assets in

different administrative units. This was done in Ezhou

City, where GEP adoption helped to more rigorously

allocate eco-compensation funds to improve ecosystem

services provision (Zhou et al. 2019).

Effectiveness

GEP accounting measures both ecosystem assets as stocks

and ecosystem services as flows. This approach signifi-

cantly increases the operability of eco-compensation poli-

cies by quantifying the benefits of eco-compensation

policies based on the values of ecosystem service use and

by scientifically allocating eco-compensation funds based

on the proportional relationship of GEP generated by dif-

ferent ecosystem asset units.

Key lessons learned

GEP accounting can quantitatively and effectively link

ecosystem service providers and beneficiaries, providing a

more rigorous basis for determining eco-compensation

standards and benefits, and the allocation funds. In addi-

tion, clarifying the rights of ownership, use, and operation

of ecosystem assets is needed before eco-compensation

fund allocation.

Developing a GEP-based financing mechanism

The construction of financial mechanisms related to GEP

can be carried out based on ecosystem assets and GEP,

namely ecosystem-asset-based financing mechanism

(Fig. 6c) and GEP-based financing mechanism (Fig. 6d).

GEP application mechanism

Usually, ecosystem asset owners, investors, governments,

and banks are involved in ecosystem-asset-based financing

mechanism (Fig. 6c). After the registration and certification

of ecosystem assets that clarify the rights of ownership,

use, and operation, ecosystem assets can then by transacted

through the Operation and Management Platform of

Ecosystem Assets built by local commercial banks.4 The

scattered ecosystem assets from local owners are trans-

formed into contiguous and high-quality ecosystem asset

packages, which can attract investors and incentivize

greater investment in related green industries (Li et al.

3 https://www.sztv.com.cn/ysz/zx/zw/78752890.shtml. 4 http://www.zgnfstcp.com/page/gpxm_type.
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2020; Gao et al. 2022). Using GEP as a benchmark for

investments in related industries such as eco-tourism and

eco-agriculture is another important policy pathway

(Fig. 6d). For example, some regions have established

platforms, which are called ‘‘Two-Mountains Banks,’’ for

the integration, improvement, management, and market-

based trading of ecosystem assets (e.g., property rights for

forest stands) and ecological equities (e.g., permits for

carbon and pollutant emissions, which correspond to the

ecosystem services of carbon sequestration and water

purification, respectively) to further the translation of

ecological benefits into economic benefits. Two-Mountain

Banks use GEP accounting to release ‘‘GEP loans’’ with

low interest rates and relatively fast approvals by com-

mercial banks. These GEP loans put future GEP revenues

(e.g., from payment for ecosystem services, eco-tourism,

eco-agriculture, renewable energy, water conservation, soil

conservation, flood control, air purification, water quality

purification, and carbon sequestration) as collateral and are

used to fast-track green development projects for imple-

mentation (Lan and Liu 2022).

Effectiveness

Twelve new Two-Mountain Banks have been established

in Lishui between 2020 and 2021. They have launched a

growing number of GEP loans that exceeded 19 billion

RMB (approximately 2.9 billion USD at year-end

exchange rates) in 2020 alone (Lan and Liu 2022). Based

on the required increment of GEP growth, corresponding

GEP loans were used to support ecological industries (e.g.,

eco-tourism, organic agriculture) and advance green

development. To date, as measured in the amount of

investment facilitated, this is one of the most effective

green financing programs for natural capital in the world.

Key lessons learned

The Operation and Management Platform of Ecosystem

Assets and Two-Mountain Banks with GEP loans facili-

tated the transformation of scatted ecosystem assets into

contiguous and high-quality ecosystem asset packages,

from potential and future ecological benefits to immediate

economic benefits. These transformations not only help

‘‘green’’ local economic development, but also strengthen

the protection and restoration of local ecosystems.

Establishing a GEP-based procurement system

GEP-based government procurement refers to the use of

various types of funds by different levels of governments

and their constituent departments (within a given admin-

istrative jurisdiction) to purchase ecosystem services from

enterprises, which collect and manage the ecosystem assets

from rural collective organizations, other groups or even

individuals, and which then share out the economic gains

with them (Fig. 6e). This policy is used to leverage social

capital to strengthen natural capital and thereby promote

green development.

GEP application mechanism

Ecosystem service providers, beneficiaries, enterprises, and

governments are usually all involved in a GEP-based

procurement system (Fig. 6e). General operation of this

system is as follows: a ‘‘Two-Mountains Company’’ is

established with investment from the ecosystem service

providers or ecosystem asset owners. These companies are

responsible for the protection and restoration of ecosystem

assets, and each owner receives dividends based on the

benchmark year’s GEP. Next, the government integrates

eco-compensation and ecosystem restoration project funds

to establish a ‘‘government procurement special fund for

ecosystem services.’’ Based on annual GEP accounting

results, the annual increment of GEP is purchased by the

government from the Two-Mountains Company. Finally,

the Two-Mountains Company invests the procurement

funds in ecological conservation and infrastructure pro-

jects, with the further aim of enhancing the growth of

nature-based industries and green investments (Lan and

Liu 2022).

Effectiveness

Many regions (e.g., Yunhe County, Jingning She Autono-

mous County, and Lishui City) have stipulated procure-

ment funds as determined by annual GEP increment

(0.1–2%) (Lan and Liu 2022). This public–private part-

nership approach can boost rural employment and income

while improving ecosystem protection and restoration.

Key lessons learned

This model can be summarized as ’’government guides,

business engages, land stewards participate, finance is

mobilized, and credit is guaranteed.‘‘ It has demonstrated

the ability to incentivize ecosystem protection and

restoration and increase income and employment for rural

communities.

Establishing a GEP credit system

GEP credit refers to regulations (and corresponding social

obligations) by which individuals and organizations in a

certain jurisdiction must abide, so to maintain and enhance

GEP. Individuals or organizations can also receive
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corresponding credit rewards or punishments in terms of

credit performance and evaluation.

GEP application mechanism

Many stakeholders, from individuals to villages to enter-

prises, alongside the government, are involved in a GEP

credit system (Fig. 6f). First, a GEP credit system incen-

tivizes and punishes the activities of different stakeholders

with respect to changes in the local natural capital base.

Then, a credit financing model is established by the gov-

ernment in which commercial banks provide collateral-free

and low-interest financial support for the rural land stew-

ards who provided public-goods ecosystem services

(namely regulating services), with GEP revenues used as

collateral (Lan and Liu 2022).

Effectiveness

Lishui in Zhejiang Province has established a GEP credit

system in which forty-nine positive and negative activities

are stipulated, including detailed standards for individuals,

enterprises, and villages. Furthermore, 30 rewards (e.g.,

applying loan with low interest rate) and punishment (e.g.,

reducing financial subsidies) measures and 35 incentive

measures (e.g., increasing credit score through afforesta-

tion or green travel) are also stipulated, clarifying which

activities are encouraged and which discouraged with

respect to GEP (Lan and Liu 2022).

Key lessons learned

A GEP credit system incentivizes the participation of local

stakeholders in GEP-positive activities, helping to promote

society-wide behaviors and norms that are beneficial to

nature.

FUTURE PROSPECTS

GEP accounting and its policy applications are at an early

stage of development, although pilots and practical

explorations have been broadly conducted in China and

several other countries. GEP accounting will likely take

some years to reach maturity, and even then may not

capture the full benefits nature provides to people. The

development of GEP has been aided by the extensive work

that has already been advanced by SEEA and related

efforts. However, many challenges remain in its ongoing

development. Going forward, researchers and practitioners

should pay closer attention to standardizing methodologies

and tools, using more spatially explicit data, investigating

ways to incorporate more services [such as the health

benefits of nature experience and contact, via many causal

pathways (Bratman et al. 2019; Remme et al. 2021)] and

deriving insights from more diverse policy applications. In

the case of intangible cultural services (including esthetic,

spiritual, and other values), appropriate policies can be

advanced alongside GEP even in the absence of a mean-

ingful quantification of the services (Satz et al. 2013;

IPBES 2022).

Standardizing methodologies for GEP accounting

Given GEP’s growing appeal and adoption, there is an

urgent need to standardize methods to ensure compatibility

and comparability (Zhang et al. 2010; Polasky et al. 2015;

Jiang et al. 2021a). This could build upon ongoing work by

the United Nations in developing international standards

for a system of environmental-economic accounts (UN

2021). In addition, compiling the full suite ecosystem

services that comprise GEP requires the use of multiple

biophysical models. Currently, most existing models do not

integrate the location of beneficiaries, which influences the

flow of ecosystem services and the quantification of

ecosystem service use (Wang et al. 2022). Beneficiaries’

locations and preferences are essential information for

applying GEP accounting in a policy context but are often

overlooked (Vigl et al. 2017; Dolan et al. 2021). Further-

more, for many ecosystem services, there are large gaps

between where ecological modeling stops (e.g., the amount

of nutrients in water supply) and where the valuation of

ecosystem services begins (e.g., human health impacts).

Advances in process-based ecological flow models that

incorporate social information (Dolan et al. 2021), inte-

grated ecological-economic modeling focused on tracking

the cause and effect of human actions on ecological change

and the services thereby provisioned (and ultimately the

impacts on human well-being) can help close these gaps

(Keeler et al. 2012; Olander et al. 2018).

Identifying high-quality parameters for GEP

accounting

Compiling the full suite of ecosystem services for GEP

accounting requires substantial data. The availability of

quality data is an important precondition for analysis.

High-quality, spatially explicit data not only increase the

credibility of GEP accounting, but also can also more

detailed, policy-relevant information. However, some

technical and institutional challenges remain. For instance,

the diversity of ecosystems presents a challenge to the

selection of indicators for different ecosystem types and

conditions (Hein et al. 2020). Additionally, data from dif-

ferent agencies and organizations may be incompatible, or

there may be reluctance to share relevant information
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among them (Hein et al. 2020). To improve GEP

accounting and ensure its reliability for policy, studies

should be conducted to address technical issues such as the

definition of metrics of ecosystem condition and the

capacity of ecosystems to supply services. Scientific efforts

relevant to GEP accounting, such as the Earth Observation

for Ecosystem Accounting initiative by the Group on Earth

Observations, machine-learning techniques, and the uti-

lization of ‘‘big data’’ are currently being developed (Hein

et al. 2020). Going forward, identifying the biophysical

monitoring necessary to underpin accurate estimates of

ecosystem services capacity and the economic methods

necessary to inform accurate estimates of prices is crucial.

In particular, the availability of relevant data can be con-

tinuously improved through the improvement of ecosystem

monitoring networks (Hein et al. 2015; Baveye 2017).

Advancing GEP application in diverse policy

contexts

Identifying and institutionalizing nature’s contribution to

people can help mainstream ecosystem services into policy

and practice (Diaz et al. 2018). Looking ahead, three

applications stand out as crucial: (i) continuing to expand

how the values of nature are integrated into planning

through GEP and its policy applications; (ii) activating

more people as catalysts of innovation and social change;

and (iii) launching more compelling demonstrations,

yielding win–win regeneration of nature through inclusive

development pathways (Daily 2021). GEP accounting

applications have been deployed in increasingly diverse

settings to answer policy-oriented questions. This can help

reach the broader community of policy-makers, private

sector stakeholders, and civil society actors beyond aca-

demia (Comte et al. 2022). Further steps should be taken to

strengthen GEP’s transdisciplinary appeal and utility.

In summary, GEP provides a measure of the aggregate

monetary value of ecosystem service use in a given area

and over a specific accounting period. GEP accounts for

ecosystems’ contribution to human well-being and trans-

lates those contributions to the economy into monetary

terms. Complete GEP accounting, including ecosystem

asset stock accounting, ecosystem service supply

accounting, ecosystem service use accounting, and the

pricing of utilized ecosystem services for GEP aggregation,

outlines a supply chain generated by the stewardship of

natural capital. Furthermore, GEP accounting provides

transparent, trackable, and readily understandable infor-

mation for decision-makers. Based on these advances,

there have been a series of policy innovations across China

in recent years, including the development of a GEP-based

administrative evaluation system, eco-compensation poli-

cies, a GEP-based procurement system, GEP-based

financing mechanisms, and a GEP credit system. As a next

step, standardizing methodologies and using more spatially

explicit data for GEP accounting, as well as advancing

GEP application in diverse decision contexts, should be

strengthened to better support green and inclusive devel-

opment across the world.
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