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A B S T R A C T

Due to severe environmental issues and the need for sustainable agriculture, the market-based policy tool of agri-
environment schemes (AES) are in high demand in China. With the Grain-for-Green Program (GFGP) being a
compelling example, China has shown its determination to implement AES nationwide. However, the govern-
ment’s efforts to address environmental impacts and efficient utilization of funds have faced massive criticisms,
calling for urgent need to improve AES or AES-like programs in China. AES have been evolving progressively in
developed regions like in Europe and US, where they first emerged. The goal of this paper is to compare the
differences in the foundational basis of AES, design characteristics, explore examples of programs, policy and
laws, and scientific basis of AES in China, Europe and US with an aim of providing directions for improvements in
China. We review information from policies and existing AES studies which we analyze thematically and
descriptively to draw insights. Findings show important gaps in governance and design mechanisms of AES
programs in China, with its limited integration into the national agricultural policy and limited scientific guide
compared to those in Europe and US. AES are an important concern in the Common Agricultural Policy (CAP) in
Europe and the Farm Bill in the US. We recommend urgent attention to Chinese policy and scientific support to
AES design to counter biodiversity loss, land degradation and climate change impacts in China.

1. Introduction

The increase in population in the past decades has threatened food
security leading to the adoption of intensified agricultural production
systems in China and many other parts of the world (Ickowitz et al.,
2019). However, intensive agriculture has, in turn, led to complex
negative externalities among them biodiversity loss, soil erosion, water
pollution and climate change among others (Brussaard et al., 2010).
These problems are not only difficult to resolve but have also led to
broad and profound negative influence on both the agricultural pro-
duction system and a wide range of ecosystem services. The resulting
damages include negative effects on long-term sustainability of food
production systems and its associated outcomes that range from eco-
nomic losses, poor human health and disruption of agro-ecosystem
functions (Elahi et al., 2019; Norse and Ju, 2015; Sandhu et al., 2010).

Reasons behind the difficulties to mitigate the negative externalities
of intensified agriculture are characterized by the extensive nature of the
agricultural land in use which acts as the control source, and its nature as
a public environmental good. Methods of political regulations of

command-and-control policies are limited in achieving the desired
outcomes and are thus known to most likely result in resistance of
farmers that would further induce ineffectiveness and high costs
(Brouwer and van der Heide, 2009; Engel et al., 2008; Tang et al., 2020).
This means that any potential efficient solutions must fully consider the
role of farmers in the implementation of conservation measures (Uthes
and Matzdorf, 2013).

Owing to the need for inclusion of farmers’ opinions in the design of
conservation strategies, there has been increased proposal of economic
instruments that provide both environmentally effective and economi-
cally cost-effective response to the problems of agricultural externalities
(Dowd et al., 2008; Sidemo-Holm et al., 2018). A common response is
the instrument of agri-environment schemes (AES), which are a
market-based tool that allows farmers to voluntarily implement con-
servation measures for payments. In an AES program, private land-
owners implement conservation measures on a voluntary basis under
conservation payment policies (Vries and Hanley, 2016). Farmers are
offered payments to compensate for associated income loss (Mack et al.,
2020) when they undertake certain land management practices (Burton
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and Schwarz, 2013).
AES first appeared in Europe in the middle of 1980s and then spread

fast in other parts of the world (Primdahl et al., 2003). From AES pro-
grams, great improvements of farmland quality, biodiversity benefits,
and even poverty reduction and social welfare have been generated
(Boatman et al., 2008; Mills, 2012; Zhu et al., 2018). As a promising
approach, AES have been implemented worldwide, especially in Europe
and US, where they were first promoted. In recent years several billions
have been paid annually in these two regions to farmers as compensa-
tions for AES implementation to improve the environment (Armsworth
et al., 2012; Donald and Evans, 2006; Feng et al., 2006).

From a regional perspective, AES are more applied in developed
countries than developing ones. Developing countries are under
immense environmental pressure. The Chinese government has been
developing the concept and the practice of programs that are analogous
to the mechanism of AES in Europe and US since the beginning of the
21st Century (Pan et al., 2017). China’s efforts and decisions for pilot
testing of AES programs have been internationally recognized with the
Grain-for-Green Program (GFGP), which has both enormous amount of
monetary investment (more than US$69 billion) and huge coverage of
national area (32 million households, 15.31 million hectares) (Jin et al.,
2017). The primary objective of GFGP is to promote soil and water
conservation nationwide.

However, criticisms on the already implemented programs so far in
China are far and wide particularly in various aspects, such as the top-
down style with heavy intervention of government, unclear environ-
mental targets, involuntary participation, lack of scientific identification
of measures, under-compensation and unreasonable compensation
without heterogeneity among others (Bennett, 2008; Shang et al., 2018;
Yang et al., 2013). These problems have limited the performance of AES
in both environmental improvement and the efficient utilization of
program funds (Shang et al., 2018). Furthermore, they have also set
obstacles for the favorable development of AES in China.

On the contrary, widespread and multidimensional environmental
issues in China demand sound, practical and urgent AES implementa-
tion. An effective strategy to achieve the expected potentially significant
improvement of AES implementation in China is to learn from successful
AES in other parts of the world. AES in Europe and US, although not
perfect, are comparatively much more developed with experienced
modes in practice (e.g. Mack et al., 2020; Perrot-Maître, 2006; Verga-
mini et al., 2015) and insightful scientific discussions in theory (e.g.
Baylis et al., 2008; Le Coënt, 2016; Simpson et al., 2023). Based on this,
we consider a comparison of undeveloped AES in China with successful
AES implementation in Europe and US as a novel way to figure out the
improvement directions for Chinese AES in a concrete way. To be
practical and specific, in this article, we compare and analyze AES in
China, Europe and US based on four perspectives in the three different
regions: (i) the foundational basis of AES emergence, (ii) the relevant
policies and laws governing the design and implementation of AES, (iii)
AES programs and their performance in practice, and finally, (iv) the
existing scientific studies on AES development and modification.
Through these comparisons, we give practical and step-based recom-
mendations for the improvement of AES in China. We review informa-
tion from policies and literature in respective countries and analyze
them thematically and descriptively to meet our study objectives. This
study is the first of its kind and it offers essential insights into the op-
portunity to strengthen the AES policy framework in China to avert
environmental disasters and degradation.

Before this comparison, it is necessary to first clarify the scope, the
mechanism and principles, as well as the characteristics of AES
conceptually in order to set a clear boundary of this study. This is
because there are many existing analogous terms related to AES, which
have hindered the development of AES in China. Due to this, we intend
to select and distinguish the most common analogous terms of payments
for ecosystem services (PES) in the international world, as well as eco-
compensation (EC) as the general conservation programs in China.

The rest of this article is organized as follows. Section 2 outlines the
mechanism, characteristics and the scope of AES. Section 3 presents an
overview of AES in China. Section 4 compares AES programs in China,
Europe and US, from four different perspectives. Section 5 presents the
discussion of our findings upon which we draw recommendations for
AES improvement in China in Section 6. Finally, Section 7 presents
conclusions and study limitations.

2. Clarification of AES

2.1. Distinction of AES, PES and EC

The terms of EC, PES and AES are interrelated and often used
interchangeably, along with other analogous ones in both China and
other countries (Shang et al., 2018; Yu et al., 2020). However, they refer
to different conservation program categories along with different
implementation principles. Distinguishing them is essential to reduce
the confusion and to set the boundary for the discussions in this study
(Fig. 1).

EC is a term commonly used in Chinese studies. There is no consis-
tently accepted concept of it in China, with some researchers referring it
as equivalent to PES (Pan et al., 2017), and some defining it as the
combination of PES and punitive-based conservation programs (with
polluter-pays principle) (Shang et al., 2018). A more recent report has
pointed out that the concept of it has significantly broadened, including
any conservation program involving fiscal transfers, transfers between
the same level of governments, environmental trading platforms, green
product and financial standards, among others (World Bank, 2021). It
has vague definition (Shang et al., 2018) and has been continuously
described loosely in the draft National Regulation and therefore has
become increasingly challenging to pin down the exact meaning (World
Bank, 2021). Based on this context, we conclude that EC is generally
adopted as an umbrella term for basically all kinds of conservation
programs in China.

The term PES is the most recognized one globally among EC, PES and
AEC, and has a commonly accepted definition by Wonder (2005)
(referring to Table 1). Also, the concept of EC and AES has evolved based
on the core logic and mechanism of PES. It emphasizes the market-based
voluntary principle for exchanging ecosystem services with economic
incentives regarding a broad range of environmental issues. The
so-called PES-like programs in China could be understood as programs
involving compensation but not exactly conforming to the market-based
principles of PES, like programs without the PES principle of voluntary
participation (Pan et al., 2017; Yang et al., 2013).

The term AES emerged from Europe and has mainly existed also in
European studies.1 AES can be considered as a specific subset of PES,
which target specifically at compensating farmers for conservation
farming practices on agricultural land (Le Coënt, 2016; Ottaviani,
2011). The practical applications of it have been dominated in devel-
oped countries so far. Analogously to PES-like programs explained
above, AES-like programs in China refer to the agricultural programs
that do not exactly conform to the standard market-based principles of
AES (Zhang et al., 2015).

2.2. Market principles of AES

As described above, AES are discussed as a specific group of PES,
which implies that they have the same logic and principles underlying
their meaning (Wynne-Jones, 2013). As a more globally well-known
term, PES have the classic illustration for its market-based mechanism
(Engel et al., 2008) as well as a typical definition (see Table 1) (Wonder,
2005). Here, we demonstrate the specific market operational rules and

1 There are alternative terms in other countries for AES programs, like green
payments in agricultural and environmental policies in US.
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market components of AES with the typical PES mechanism and defi-
nition as a basis.

The market-based mechanism of AES is illustrated in Fig. 2. Under
business as usual (BAU) scenario, farmers are supposed to earn the best
economic profit they can from their land, with the amount of profit
being represented by the size of box-A in Fig. 2. However, conventional
farming under BAUmight cause negative externalities to other people or
the public, like the water pollution from farming, the cost of which is
indicated by the size of box-D in Fig. 2.

A way to prevent the negative externalities of BAU farming is that
farmers adopt conservation measures with corresponding changed
farming activities. However, conservation farming is generally less
productive than BAU farming (De Ponti, et al., 2012). The size of box-B
in Fig. 2 shows the amount of economic profits farmers can get from
conservation farming.

Therefore, farmers have no willingness to adopt conservation
farming without any compensation (Bartkowski, et al., 2023). The logic
of AES is to give economic incentives through compensation payments
to farmers in order for them to apply conservation farming, with the
amount of compensation being shown by the size of box-E in Fig. 2. The
notable thing is that the amount of compensation (the size of box-E in
Fig. 2) should not be less than the losing profits from BAU farming to
conservation farming (the size difference from box-A to box-B in Fig. 2),
and should not be more than the cost of the original caused externalities
(the size of box-D in Fig. 2).

From Fig. 2, it is noticeable that AES are an ingenious approach

which is promising to satisfy both farmers and the public group affected
by the negative externalities of farming, as well as to improve the so-
cietal welfare (Ward et al., 2021). With AES, farmers can obtain at least
not less than the economic profit they can get under BAU farming (the
summed size of box-C and box-E is not less than the size of box-A in
Fig. 2). Meanwhile, the total welfare of the society can be increased as
the compensation amount should be less than the cost of externalities
(the size of box-E is smaller than that of box-E in Fig. 2).

However, the successful application of AES with these expected ef-
fects requires effective compliance of the market principles of AES. As a
market-based approach, AES have five components reflecting the cor-
responding market elements, including buyers, sellers, targeted com-
modity, voluntarism and conditions for transaction (Table 1).

The first component (Table 1) indicates that farmers should volun-
tarily decide whether to participate in AES programs. Second, the tar-
geted commodity in AES refers to either the performance of the required
land use change activities implemented by farmers, or the results of final
environmental benefits generated by farmers. Third, the market
component of buyers in AES are usually either the beneficiaries of the
land use changes and/or final environmental benefits, or the govern-
ment or the related third parties; while sellers in AES are generally
farmers who need to implement the land use change activities on their
farmland. The conditionality for the transaction is that farmers will only
get compensation payments when the expected land use change activ-
ities are successfully implemented (action-based payment) or the ex-
pected results of environmental benefits (result-based payment) appear.

2.3. Design characteristics of AES programs

In practice, AES programs differ with each other greatly from their
design and implementation characteristics along with different features
and mechanisms. The characteristics of an AES program are formed
based on the design choices for each component of AES (Table 2). In
AES, the component of sellers generally refers to farmers2 who act as the
providers of environmental benefits. However, farmers who can offer
the same or higher environmental benefits at lower costs (and in turn
lower compensation payment) are often the ones prioritized by AES
designers as potential sellers (Engel et al., 2008). This aspect is impor-
tant for the cost-effective design of AES (Claassen et al., 2008). The
buyers in AES are expected to be the users of environmental benefits

Fig. 1. Thematic scope of AES, PES and EC.

Table 1
Definition of PES and AES explanation.

PES definition (Wonder,
2005)

market elements AES components

(1) a voluntary transaction voluntarism voluntarism for farmers to
participate in AES programs

(2) where a well–defined
ecosystem service (or a
land-use likely to secure
that service)

targeted
commodity

land use change activities (i.e.,
conservation measures) or
resulted environmental
benefits

(3) being bought by a
(minimum one) buyer

buyers beneficiaries, or government,
or the third parties

(4) from a (minimum one)
provider

sellers farmers

(5) if and only if the provider
secures the ecosystem
service provision

conditionality of
exchange

payments are given only when
required land use activities are
completed or expected
environmental benefits appear

2 In this article, we adopt farmers as a term representing also farm land-
owners who adopt AES.
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provided by farmers/sellers. However, this is only true for a small
number of AES programs (private programs). Most AES programs
worldwide are public and government funded, and the government or a
third party acts as the buyer (Ezzine-de-Blas et al., 2016).

Land use change activities (Table 2) refer to the conservation mea-
sures in AES, which can further be divided into two types. The first type
is the increase in activities of land use, for instance the measure of cover
crops; while the second type is to reduce the activities on land, like the
no-till conservation measure. The “activity creating” type usually costs
much more than the “activity reducing” type (Engel et al., 2008).

Conditionality in AES has also two types. The result-based AES
payment type tends to be more cost-effective and is more desirable than
action-based payment of AES (Molenaar, 2013). However, it is harder to

implement in reality owing to the high monitoring and implementation
costs, and risks of participation failure compared to the action-based
AES (Simpson et al., 2023).

Furthermore, the AES contract between farmers and buyers can be
offered in two forms: the traditional way in which farmers accept the
terms and conditions of AES contract directly without bidding or via
auction where farmers competitively bid payments which allow buyers
to offer contracts more dynamically based on price and expected envi-
ronmental targets. Auction-based AES give farmers more initiatives and
also tend to achieve higher cost-effectiveness (Lewis and Polasky, 2018).
The payment can be in the form of either cash or in-kind, and the pay-
ment amount should be defined within a certain scope (Fig. 2). In-kind
payments are in form of subsidies or labor or donations (Carmona-Torres

Fig. 2. Mechanism rules of AES (Source: Modified from Engel et al., 2008). Note: The size of the rectangular boxes indicates the amount of “profits of farmers” (above
the line) or “costs of the externalities” (below the line). The grey boxes (box A, B and C) represent “profits of farmers” earned purely from farming under different
scenarios, which are differed with the white boxes (box D and E) representing profits or costs not from farming. The arrow from box D to box E denotes that the
amount of profits represented by box E should be from box D, i.e. “costs of the externalities”. The size of box E should then be in the range of the difference of box A
and B (minimum size for box E) and the whole box D (maximum size for box E).

Table 2
Design choices for AES components.

components of AES design-choice description

sellers farmers lower-cost farmers are pursued

buyers user-financed buyers are actual users of the environmental benefits
government/agency-financed buyers are third parties

land use change activities “activity creating” increase activates of land use
“activity reducing” reduce activities of land use

conditionality result-based payment based on the provided environmental benefits
action-based payment based on the adoption of land use change activities

contract forms traditional way more like up-bottom style
auction-based tend to be bottom-up way

payments payment code cash monetary value
in-kind items related to the measures

payment standard benefit-based value of environmental benefit provided
cost-based costs of environmental benefit provision
in-mixed e.g., payment ability

Z. Hao and M. Nthambi
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et al., 2011; Del Corso et al., 2017; Kolinjivadi et al., 2019).

3. AES overview in China

In China, the implementation of AES did not happen regardless of the
several continuous natural disasters affecting large areas with severe
consequences, including the massive floods in 1998 and the unprece-
dented sandstorms between 2000 and 2002 (Pan et al., 2017; Sun and
Zhou, 2008). Since then, the government has implemented a range of
conservation projects, with less of them being either voluntary PES or
AES programs but instead of government engineering conservation
programs (i.e., EC). The objectives of these projects focus mainly on
water and soil conservation issues, which are presumed to be the major
contributors to natural disasters.

The program of GFGP, with its pilot testing starting in 1999 and
being completed nationwide in 2002, is typically considered as the first
and also the biggest AES program in China. However, there is also an
existing debate that considers it as a partial AES-like program because its
design does not conform to AES market-based principles (Shang et al.,
2018). The design, implementation, and the means and amounts of
compensation payments follow a top-down approach, with central
government making decisions and lower levels of governments being
delegated the responsibility of AES implementation (Wunder et al.,
2008).

The similar top-down pattern, along with the corresponding short-
ages, also happens to other AES or AES-like programs in China, such as
the Grassland Ecological Protection Subsidy and Reward Program
(GEPSRP) nationwide and the cropland protection program of Farmland
Protection Fund Program (FPFP) in Chengdu city. AES programs in
China are implemented more in a way of performing government reg-
ulations than carrying out through the market-based voluntary mecha-
nism. It is said that once the government in China designates a regional
area for AES programs, the participation of farmers is mandatory instead
of voluntary (Zhen et al., 2014). The details of programs which are
decided by high levels of government often lack sufficient investigation
to tailor them to local situations and determine where they are actually
located (Benett and Carroll, 2014; Sun and Zhou, 2008). Participation of
farmers is frequently mandatory when government has designated land
for AES related programs, sometimes even when the payment levels are
less than farmers’ costs, which may cause resistance among farmers and
further induce low environmental impacts and cost-effectiveness (Zhang
et al., 2015; Zhen et al., 2014). Besides, the scheme design is focused
generally on single conservation measure for one kind of land type in
each program, and the contract is basically an action-based payment.

4. Comparison of AES in China, Europe and US

4.1. Foundational basis of AES emergence

AES emerged widely in many countries in 1980s and its origin was
motivated by various reasons. Comparing with that in China was due to
high environmental stress, the emergence of AES in both Europe and US
were originally mainly due to the needs of controlling production sur-
pluses as well as supporting farmers at the same time, with environ-
mental conservation as a side benefit (Feng, 2007; Salt, 2016).

In Europe, AES are thought to have started in 1985 along with the
Agricultural Structures Regulation (EU Regulation 797/85) (Batáry
et al., 2015), with the first program being launched in the United
Kingdom in 1986 (Dobbs and Pretty, 2008). In the same year of 1985,
the Conservation Reserve Program (CRP) in the US is officially estab-
lished in the Farm Bill, although the fore-runner of it had already started
in 1930s (Hellerstein, 2017).

4.2. Policies and laws of AES

The Common Agricultural Policy (CAP) is a common policy for all

European Union (EU) countries, which was first initiated in 1962 as a
partnership between agriculture and society as well as between EU
governments and farmers (European Commission, 2021). AES have been
a component of CAP implementation in Europe since 1980s. CAP has
been providing financial support for AES implementation in EU mainly
under its pillar 2 of rural development, combined with the Member
States’ own additional expenditures. The legal guarantees of AES
implementation in Europe include optional AES as part of European
Community law in Council Regulation in 1985 (EEC 797/85) and
mandatory AES for all member states in 1992 as part of MacSharry re-
forms (EEC 20178/92). It incorporates AES into Rural Development
Regulation (pillar 2 of CAP) as part of the Agenda 2000 CAP reform (EEC
1257/99), and the continued Regulations afterwards (e.g. EEC
1698/2005) (Batáry et al., 2015; Zimmermann and Britz, 2016).

The Farm Bill in the US, originated in 1930s, as a package of legis-
lation for guiding farming production and is updated roughly once every
four to six years (National Sustainable Agriculture Coalition, 2018). As a
component of Farm Bill since 1985, the AES related programs are
authorized through the Conservation Titles of Farm Bills. Farm Bills
provide both financial support and the legal guarantee for
agri-environment payments in the US. Since the establishment of CRP in
1985 Farm Bill, the funding amount as well as the size and scope of the
funded programs have substantially increased. For example, Environ-
mental Quality Incentives Program (EQIP) was created in 1996, its
expansion, and the increased Grassland Reserve Program and the Con-
servation Security Program in 2002, as well as the Agricultural Con-
servation Easement Programwhich emerged in 2014 (Baylis et al., 2008;
Reimer, 2015).

AES are increasingly important components of environmental and
agricultural policies in both Europe and US (Chabé-Ferret and Subervie,
2013). On the contrary, there is no policy or law, at least not one, that is
specialized for the design and AES implementation in China. There are
only some relevant policies and regulations for general PES and EC
programs in China, with the related regulations being initiated relatively
late and scattered in other relevant laws and legislations (Yang, 2018).

The first policy for agricultural protection in China was released in
1999 as “several opinions of the State Environmental Protection
Administration on strengthening ecological and environmental protec-
tion in rural areas” (Han and Jin, 2016). The principles for developing
EC mechanisms was first issued in 2005 in the fifth Plenary Session of
the 16th Central Committee of the Chinese Communist Party (Zhang and
Lin, 2010). In 2010, it was decided that EC would be regulated at the
national level by the Chinese central government. By 2013, three na-
tional laws of the Forest Law, the Law on the Prevention and Control of
Water Pollution, and the Water and Soil Conservation Law provided a
legal basis for EC pilot projects (Asian Development Bank, 2016). In
2016, the State Council approved a paper entitled “several opinions on
establishing a sound EC mechanism and the EC regulations”.

4.3. Scientific AES studies

4.3.1. Studies in Europe and US
AES are a complex policy instrument, and the scientific studies for its

design and implementation are also complicated and are explored from
various aspects (Batáry et al., 2015). The majority of the relevant
literature are case study based, with most of them involving more than
one study aspect (Börner et al., 2017; Uthes and Matzdorf, 2013). Ac-
cording to studies with reviews, the most concerning aspects of AES
studies in Europe and US include, but are not limited to, the environ-
mental impact of AES, the farmer participation and acceptance of AES,
the cost-effectiveness of AES programs and AES designs, the
socio-economic effects of AES like poverty reductions, among others
(Börner et al., 2017; Mennig and Sauer, 2020; Uthes and Matzdorf,
2013). Each of these aspects have been studied scientifically adopting
different methods and focused on different perspectives, as illustrated in
Fig. 3.

Z. Hao and M. Nthambi
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For the environmental impact of AES, the quantitative evaluation for
ex-post impacts generally refers to empirical analysis with all kinds of
collected data and various statistical methods (Uthes and Matzdorf,
2013). The evaluation is easier at spatially small-scale and temporally in
the short-term than that at large-scale and long-term scenarios (Princé
et al., 2012). The majority of such study in Europe focus on the topic of
biodiversity with less study for abiotic resources like water and soil
quality (Mennig and Sauer, 2020; Uthes and Matzdorf, 2013). In
contrast, for ex-ante evaluation of environmental impacts of AES, it is
generally performed through modelled simulation, such as those per-
formed in the national program of Conservation Effects Assessment
Project (CEAP) in US which focuses initially on water issues (Johnson
et al., 2015; Shields et al., 2006). However, the predicted environmental
impacts most often lag behind in the expectation and may also be
delayed (Börner et al., 2017; Marconi et al., 2015; Primdahl et al., 2003).

Increasing studies in Europe and US go for the cost-effectiveness of
AES, which refers to either reaching the maximized environmental
target under certain budget or achieving the minimized budget for a
given set of environmental goals (Balana et al., 2011; Wätzold and
Schwerdtner, 2005). To achieve the cost-effectiveness of AES, one
promising emphasis is the integration of ecological and economic per-
spectives in a holistic and interdisciplinary research (Ansell et al., 2016;
Wätzold and Schwerdtner, 2005). Another emphasis refers to the spatial
targeting, as information of spatial heterogeneity of land for both
environmental impacts and economic costs is important to reduce the
producer surplus caused by asymmetric information (Baylis et al., 2008;
Claassen et al., 2008; Guo et al., 2020). Some studies consider both
interdisciplinary integration and spatial targeting with very technical
and quantified methods for getting the cost-effectiveness of AES,
including a few likeWätzold et al. (2016), Hao et al. (2023) and Simpson
et al. (2023). In addition, another group of study attempts to reduce the
information rents through the form of AES contract design, such as from
perspectives of result-based payment, spatially differentiated payments,
auctions, as well as the different combinations of them (Simpson et al.,
2023; Börner et al., 2017; Uthes and Matzdorf, 2013).

Farmer behavior in AES programs has also attracted a lot of research
attention. Many researchers have investigated farmers’ “willingness to
accept” to implement AES programs. They focused more on farmer-
specific factors like gender, age and education among others that are

difficulty to consider under pure economic rationality, adopting mostly
econometric methods (Cullen et al., 2020; Defrancesco et al., 2007;
Sattler and Nagel, 2010). Some other research cover farmer behavior
responses and their impacts on AES outcomes, highlighting addition-
ality, slippage, and crowding in and out (Claassen et al., 2008; Fleming
et al., 2018).

Moreover, AES study may also refer to the socio-economic and other
related aspects. These include the poverty reduction and equity issue,
employment influences, transaction costs of AES, and the willingness to
pay from stakeholders with mainly the method of choice experiments,
etc. (Börner et al., 2017; Claassen et al., 2008; Schomers and Matzdorf,
2013; Uthes and Matzdorf, 2013).

4.3.2. Studies in China
Comparing to the studies in developed countries described above,

AES research in China is limited (Zhu et al., 2018). AES studies in China
are basically under the umbrella terms of either EC or PES instead of
AES, with the exceptions of recent studies by Li et al. (2019), Zhang et al.
(2015) and Zhu et al. (2018)3. According to the review study of Yang and
Lu (2018), the majority of AES studies in China are descriptive without
quantified analysis especially for the ones written in Chinese, with many
case studies being about the GFGP which can only be described as
AES-like program.

Based on the different aspects of AES study illustrated in Fig. 3, the
cost-effectiveness of AES is the least concern so far in China, particularly
the scientific design of cost-effective AES with sophisticated methods.
Although there is increasing interest and demand for integration of
biodiversity conservation goals into agricultural subsidies through AES
in China, the majority of the studies are still qualitative.

However, there are quantitative studies in China on farmers’ attitude
towards AES (e.g. Li et al., 2019; Zhang et al., 2015) and farmers’
willingness to accept AES program (e.g. Zhen et al., 2014; Zhu et al.,
2018). However, factors influencing farmers’ behaviour are limited to
the characteristics of farmers such as age, education, attitudes and in-
come among others, but do not draw more broadly from factors like the

Fig. 3. Classified perspectives of AES studies. Note: It is a general and simplified classification for the different aspects and perspectives of AES, and these different
aspects of AES are often intertwined both in the real world and in research studies.

3 Many US relevant studies also refer to the terms of agricultural conserva-
tion programs, cost-sharing, green payments, etc.
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neighboring farmers’ behaviors and relationships as in Cullen et al.
(2020) and Defrancesco et al. (2007). In addition, the possible results
arising from farmers’ behavior after participation in AES design and
implementation, i.e., additionality, slippage, and crowding in and out,
are also underexplored in China.

4.4. Programs

4.4.1. Overall situations
Over half of the European landscape is covered by agricultural ac-

tivities, and about 25% of the EU farmland is under some form of AES
contracts (Batáry et al., 2015; Science for Environment Policy, 2017).
The expenditure for AES projects in EU from 2007 to 2013 is about 23
billion Euros, and since 2014 there has been increasing funds being
transferred from CAP pillar 1 to pillar 2 to continue the enlargement and
the ongoing reforms of AES in EU. Although there are a variety of AES
implementation patterns among EU members, the majority of AES
programs in Europe are aimed at biodiversity conservation and the
payments are mostly action-based4 (Baylis et al., 2008; Russi et al.,
2016). Like in Europe, the area of coverage and expenditures for AES
programs in both China and US are considerable. Compared with EU,
AES programs in US and China are mostly targeted on issues of soil
erosion and water pollution.

In Europe, preventing the abandonment of marginal land is consid-
ered as a protection for biodiversity, and AES are mainly implemented to
generate positive externalities from traditional, high nature value
farming and relatively less on the reduction of negative externalities of
intensified farming (Baylis et al., 2008). In contrast, for mitigating soil
erosion and water pollution, AES programs in US and China focus more
on farmland retirement, which are targeted against the negative exter-
nalities of agricultural extensification (Baylis et al., 2005).

The application of AES programs in relation to their application
scales differ when comparing the scale in Europe with that in US and
China. In Europe there are a range of different AES programs with each
program targeting a small spatial area, while the number of AES pro-
grams in both US and China is relatively small with each program
covering a very large area. Overall, the number of AES programs
implemented in Europe is the biggest, followed by those in US which are
approximately twenty AES programs and finally, China with a very
small number of AES programs (Zhu et al., 2018). This is mainly due to
the small but many countries in Europe, with AES programs being
tailored to each country’s scope. In addition, it needs to be noticed that
the AES policy and funding system in EU are different with that in China
and US, with many AES programs in EU getting both a proportion of CAP
funding and also country own funding. Along with this, the targets of
these AES programs in EU should combine CAP overall targets with
country specific concerns. Regarding the relatively even small number
of programs in China, it can be mainly explained by the fact that AES
policies and frameworks are still in conception stages (Li et al., 2019).

4.4.2. Specific features
To explore further the specific features of AES programs in Europe,

US and China, we give three examples of implemented programs from
each region respectively (Table 3) for demonstration purposes.5 The
rationale for comparing these specific programs is to identify the fea-
tures and mechanisms of the schemes that could lead to their efficient (i.
e., cost-effective) or inefficient performance, and to detect the concerned
environmental issues. The relative consistent timing, application scale
and funding size are not our concern here for comparison, as similar
parameters for EU and US can be found in Biffi et al. (2021).

Table 3
Selected AES programs in Europe, US, and China.

Europe

program
and
country

Vittel Watershed
Protection program
(VWP), France

Environmentally
Sensitive Area (ESA),
England

Northeim Model
Project (NMP),
Germany

targeted
issue

water quality landscape,
biodiversity
(wildlife), historic
interest

biodiversity (plant
species)

payment
condition

conservation
measures in dairy
farms

conservation
measures in
grassland

conservation
measures in
grassland and
arable land

payment
method

cash payments with
technical
assistance;
payments are
differentiated on a
farm-by-farm basis

cash payment with
payments varying
depending on
management
practices required
under each tier

cash payment,
result-based, with
auctions to
determine
geographically
different payments

funding
source

Vittel company EU and UK
government

private foundation

description begin in 1993; long-
term contract of
18–30 years;
covering 5100 ha
Spring catchment,
with 27 farmers
involved; with
careful scientific
research basis

begin in 1987;
contract of 10 years;
national program
covering 1.1 million
ha with many ESAs in
the country

pilot from 2000 to
2003, payments
from 2004; contract
of 10 years;
covering 288 ha
grassland with 28
farmers;
coordinated by
University of
Göttingen

United States

program Conservation
Reserve Program
(CRP)

Environmental
Quality Incentives
Program (EQIP)

Conservation
Stewardship
Program (CSP)

targeted
issue

water and soil
quality, wildlife
habitat, etc.

water and soil
quality, wildlife
protection, etc.

water and soil
quality, wildlife
protection, etc.

payment
condition

land retirement of
farms and ranches

conservation
measures and land
retirement

conservation
measures

payment
method

cash payment with
technical
assistance; spatially
different payment
with competitive
auctions (based on
local cash rental
rates and
productivity) and
environmental
index scores

cash payment with
technical assistance;
typically uniform
payment in county
level since 2002
(auction from 1997
to 2001)

cash payment with
technical
assistance; result-
based payment,
higher
performances get
higher payment

funding
source

government government government

description begin in 1985;
contract typically
10–15 years;
nationally largest
and oldest program
covering tens of
millions of acres by
now; originally
targeted for highly
erodible land; it
assesses
applications based
on their score on
the Environmental
Benefits Index since
1990

begin in 1996;
contract 1–10 years
for working lands;
covering more than
115 million acres
with over 384,000
participants by 2018;
including measures
to improve tillage
and nutrient
management
practices

begin in 2002;
contract 5 years for
working lands;
covering more than
70 million acres by
2018; it
consolidates
existing
conservation efforts
while
strengthening new
operations

China

program Grain-for-Green
Program (GFGP)

Grassland Ecological
Protection Subsidy

Farmland
Protection Fund

(continued on next page)

4 For the existed resulted-based AES programs in Europe, one can refer to
Burton and Schwarz (2013).

5 We consider the representativeness and also the possible diversity of pro-
grams for each region for selection.
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Private funded programs reflect the ideal market-based logic of AES
that the buyers (or the financial providers, referring to Table 2) in AES
are the actual users of the environmental benefits instead of the gov-
ernments or the third parties. They are usually more market-oriented,
precisely designed, and are more cost-effective than public funded
programs, especially when supported with scientific design
(Ezzine-de-Blas et al., 2016) that matches payments and environmental
needs (Biffi et al., 2021). The Vittel Watershed Protection (VWP) in
France is a true private AES example (Table 3), which has been used to
illustrate a fictitious “perfect” AES scheme (Perrot-Maître, 2006; Mole-
naar, 2013). The primary reasons for the success of the program are not
financial,6 but are also as a result of the complex partnerships between
technical, economic, social, legal, geographic, sociological and political
issues, a good rapport resulting from a multidisciplinary research team
building trust with farmers and the long-term contract ensuring farmers’
income security among others (Perrot-Maître, 2006). It is hard to
replicate successful private AES programs that are exclusively financed
by ecosystem service users, as it is not only hard to identify the exact
users who furthermore have the willingness and capacity for the
financial burden (Molenaar, 2013) but also even harder to have the
appropriate local cooperative context combined with different parties
(Perrot-Maître, 2006). Blended-finances or cooperation could therefore
be promising, like the Northeim Model Project (NMP) in Germany.
Further, farmers’ concerns and voluntary participations are critical in
private schemes (Perrot-Maître, 2006), which is driven by social and
economic factors but the spatial heterogeneity of land, costs and thus
distribution of payments would require that the underlying

socio-economic factors that moderate payment allocation are explored
(Biffi et al., 2021).

Auctions, spatially heterogeneous payment and result-based pay-
ment scheme designs are considered generally a developing concept of
advanced mechanisms of AES to better achieve the cost-effectiveness of
programs (Schwarz et al., 2008). In the NMP project in Germany
(Table 3), farmers were asked to submit a sealed bid with a corre-
sponding bid price for the provision of the predefined environmental
services (floristic biodiversity) on their fields (Ulber et al., 2011). It
combined result-based payments with auctions for spatially heteroge-
neous payment schemes. The typical strategy that US conservation
programs, including the largest land retirement program CRP as well as
the two largest working land programs EQIP and Conservation Stew-
ardship Program (CSP) in Table 3, have implemented cost-effectiveness
by gathering information of farms/farmers through application forms
and using benefit–cost indices (e.g., environmental index scores in CRP
in Table 3) to rank and select participants7 (Claassen et al., 2008). In this
process, competitive bids were adopted to identify participating
farmers, contract sites, and to decide the heterogenous payments for
CRP since 1991 and for EQIP between 1997 and 2001. Furthermore, CSP
in US has applied result-based payment with advanced benefit-cost
indices, for maintaining and enhancing existing conservation systems
as well as for adopting new additional conservation activities.

The mechanism of auction in AES is expected to make the program
more cost-effective than fixed-rate payments due to its potential to
reduce the information rent of farmers - the excessive payments caused
by lack of information on farmers’ heterogeneous compliance costs
(Vergamini et al., 2020). However, auction cannot be a “silver bullet” to
the information asymmetry problem, as bid prices are not only likely to
reflect different costs but also farmers’ expectations on the maximum
payment they could accept (Molenaar, 2013). Result-based payment
schemes are considered more advanced than action-based payments
schemes because payments are attached to particular environmental
benefits which gives farmers flexibility and opportunity to spur inno-
vation and efficient usage of funding (Burton and Schwarz, 2013).
However, disadvantages of result-based payment include the risk of
discouraging the participation of farmers due to the fact that they cannot
guarantee in advance on whether their efforts will pay off (considering
also external risks like extreme weathers) or not, and the difficulties of
developing monitoring indicators (biodiversity might be easier than
other ecosystem services) (Molenaar, 2013; Burton and Schwarz, 2013).
Spatially heterogeneous payment may not only be attached with auction
or result-based payment, but can also be applied alone, like in VWP in
France (Table 3) which has individual tailored plans for each farm.
However, this demands much more transaction costs for elaborate
design and communication.

Scientific basis is critical for the design and implementation of cost-
effective AES programs. VMP in France and NMP in Germany (Table 3)
collaborated with French National Agronomic Institute and University
of Göttingen respectively for scientific designs of programs customized
to the local conditions (Perrot-Maître, 2006; Ulber et al., 2011). The UK
Environmentally Sensitive Area (ESA) program grew to a total of 43
designated ESA schemes, with different ESAs focusing on different
environmental targets and measures tailored to suit the needs of each
particular ESA. In shaping ESA program, different organizations part-
nered with the government for professional contributions and scientific
lessons (Dobbs and Pretty, 2008). Regarding US programs (Table 3),
scientific basis for program design mainly referred to the benefit-cost
targeting, including the Environmental Benefits Index in CRP since
1990, the state-flexible benefit-cost ranking mechanism in EQIP, and the
advanced result-based ranking mechanisms in CSP (Hansen, 2006;
Claassen et al., 2008). Other than that, since 2004 the CEAP was

Table 3 (continued )

and Reward Program
(GEPSRP)

Program (FPFP),
Chengdu

targeted
issue

watershed
protection (soil
erosion and others)

grassland quality
protection

quantity and
quality of
cultivated land

payment
condition

cropland
retirement to forest
or grassland

abandoning grazing
in severely degraded
pasture area;
reducing number of
grazing sheep and
doing rotational
grazing in sustainable
grazing area

arable land cannot
be abandoned
without cultivation
or destroyed for
other usages

payment
method

cash and in-kind
(grain, seedlings)
payment; payment
differs in Yangtze
River Basin and
Yellow River Basin

cash payment;
payments differ
between provinces
along with different
detailed
requirements for
payment conditions

payment as
farmers’ pension
insurance, land
transfer guarantee,
and agricultural
insurance;
payments differ
between two kinds
of farmland

funding
source

central government central government local government

description pilot from 1999 to
2001, full scale
since 2002;
contract of 8 years
for timber, 5 years
for orchards, and 2
years for grassland;
national largest
program covering
more than 34
million ha

pilot from 2009 to
2010 in Tibet; begin
in 2011; contract of 5
years; national
largest grassland
program; targets at
arid or semi-arid
northern and
northeastern area in
China

begin in 2011; the
first incentive-
based farmland
project in China for
the protection of
cultivated land area
from decreasing

(Source: Wunder et al. 2008; Department for Environment Food and Rural Af-
fairs 2011; Perrot-Maître 2006; Schwarz et al. 2008; National Sustainable
Agriculture Coalition 2019; Khanna 2017; Zhu et al. 2018)

6 Study has shown that complementing public funds with private money does
not noticeably promote AES effectiveness (Molenaar, 2013).

7 Because all current US programs are budget or acreage limited, program
enrollment is competitive.
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conducted for evaluating the environmental effectiveness of all USDA
conservation programs, and a pilot national survey integration program
CEAP-ARMS (Agricultural Resources Management Survey) was con-
ducted between 2004 and 2005 for understanding farmers’ motivation
to adopt conservation practice (Schaible et al., 2015). In addition, with
scientific support additionality and leakage issues during program
implementation were investigated and quantified, like the NMP in
Germany and CRP in US which were explicitly tested to determine their
additionality rate and leakage rate respectively (Molenaar, 2013).

In China, the political top-down approach for the implementation of
conservation program is generally applied. Programs are attached
closely to political targets and pressures from different levels of gov-
ernments especially in regard to the total land coverage area of program
contracts. This makes farmer participation in these programs unlikely to
be voluntary, especially due to lack land property rights in the country.
From this perspective, all the three Chinese programs (see Table 3)
should be AES-like programs instead of pure AES programs (Pan et al.,
2017).

GFGP in China adopted one homogeneous payment level for the
whole north area in China and the other homogeneous payment level for
the whole south area in China. These two payment levels are decided by
the government instead of either market-based auctions or scientific
designs. GFGP attempted to get the maximum program contract
covering area instead of selecting proper spatial sites with better envi-
ronmental benefits.

In addition to the criticized issue of involuntary participation of
farmers in many regions in the country, this top-down approach has also
induced many other problems. They include the lack of investigation
and consideration for various and heterogeneous local conditions, the
neglect of local innovation and variation, and the obvious unreasonable
and uniform compensation payment levels (Bennett, 2008; He and
Sikor, 2015). Furthermore, in GEPSRP program (Table 3) it has addi-
tional issues of only weak enforcement of conditionality, dissatisfaction
of farmers with the payment levels (as it is not totally voluntary
participation), and thus the resistance and low performance of farmers
in the programs (Wunder et al., 2008; Zhen et al., 2014). For FPFP
program (Table 3), it is a small local program with less levels of gov-
ernments involved, while the compensation payments are in the form of
farmer pensions, which makes the program to act more like policy
regulation than market-based tool.

Comparing with the political-task-like top-down approach in China,
a more balanced top-down decision-making process with local auton-
omy is found in EQIP in US and ESA in UK (Table 3). With the general
goals of EQIP being given by USDA as a federal agency, the states can
designate local high-priority practices for increased payments, which is
strengthened in the 2018 Farm Bill (Biffi et al., 2021). As an EU
co-financed program, ESA program needs to follow the general goals of
CAP Pillar II for the European Agricultural Fund for Rural Development
(EAFRD), while it encourages member states to promote the develop-
ment of local and sub-regional approaches via the Community Led Local
Development.

For the aim of soil and water protection, in China, conservation
measures in practice are monotonic, with land retirement being the
single practice in GFGP. For the same targets, except the land retirement
program of CRP, working land programs of EQIP and CSP are succes-
sively developed in US with almost 200 practices for voluntary farmer
participation and are considered to be more cost-effective than land
retirement (Feng et al., 2006).

In the spatial scale perspective, programs in US and China are
generally nationwide and large, which also tend to have multiple
environmental aims. Large scale programs are mostly poorly targeted
and are hard to monitor, while small scales programs may have the
concerns of disproportionally high cost and are disabling for solving
environmental target covering big areas (like watershed problems).
Therefore, Medium-sized geographical area of AES programs is recom-
mended for better achieving the cost-effectiveness (Molenaar, 2013).

The participation and compliance of farmers is important for the
successful performance of AES programs. Considering the participation
of farmers, economic incentives are always important as the funda-
mental necessity and should not be ignored, while other non-monetary
factors (e.g., socio and cultural influences) have been perceived im-
pactful especially in the long-term (Schenk et al., 2007). So far,
non-monetary factors are barely analyzed in practical programs in
general (like those in Table 3), while technical assistance has been given
along with cash payment in VWP in France and in all three programs in
the US (Table 3) as one in-kind non-monetary consideration
(Cortés-Capano et al., 2021). Even in theoretical research, non-monetary
studies are rare and thus in high demand (Santangeli et al., 2016). On
the other hand, some features from practical programs (Table 3) have
been noted to impact farmers’ participation. In VWP programs in
France, an intermediary organization (Agrivair) created a rapport be-
tween farmers and the funding agency by taking care of paperwork and
giving tailored advice to farmers thus building trust with farmers and
encouraging participation. Besides, result-based payments and
short-lasting AES contracts are considered to not encourage farmers’
participation due to the risk of not paying off and income insecurity
issues respectively (Molenaar, 2013).

Regarding the environmental topics concerning AES programs,
Europe and US programs have covered more environmental issues than
that in China. Biodiversity conservation is the main focus of most AES
programs in Europe, like ESA in England and NMP in Germany
(Table 3). Although programs in US are generally large and cover
comprehensive environmental targets, wildlife conservation is also
specifically one of the targets (Table 3). Besides, although not listed in
Table 3, relatively small programs also exist in US that specifically target
biodiversity conservation, such as the Wildlife Habitat Incentives Pro-
gram (Reimer, 2015). Due to net-zero greenhouse gas emission target by
2050, climate measures in AES have been highly emphasized in the
latest EU CAP reforms and other European countries8 (Erekalo et al.,
2024; OECD, 2024; Scottish Government, 2024). The US conservation
programs have also included climate issues along with its new Farm Bill,
with CRP starting the estimation of climate benefits for their contracts
since 2021 (Joiner et al., 2023; USDA, 2021). In contrast, with the
knowledge so far, we notice the limited emphasis on biodiversity con-
servation and climate benefits in AES programs in China (Table 3).

5. Discussion

5.1. Findings from comparison

First, AES in China appeared quite later compared to that in Europe
and US, and the initiation was due to the severe and continued natural
disasters instead of proactive prevention in China, although CRP in US
was also due to poor environmental issues. Analogously, until nowwater
and soil protection are the main concern of Chinese programs excluding
other environmental issues.

Second, policies and laws in China are very vague and do not provide
clear and strong support and guidance on AES implementation and
development. The relatively sound development of AES in Europe and
US cannot be separated from their explicit and straightforward policies
and laws. These laws and policies are issued before the first AES pro-
grams in both regions and have been renewed and modified since then.
In comparison, there are barely policies and laws in China directly tar-
geted for AES, while the correlated ones are quite vague.

Third, the typical top-down manner of AES program implementation
in China has induced various challenges, identified mostly by scholars
and considered as the major reason for the poor performance of AES-like
programs in China (Shang et al., 2018). It is even said that the

8 New terms of “Agri-environment-climate Measures (AECM)” and “Agri-
Environment Climate Scheme (AECS)” among others have emerged alongside.
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conceptualization of Chinese programs “rather reflects a compensation
mechanism for legal restrictions” (Schomers and Matzdorf, 2013). It has
led to loss of the voluntary nature of AES programs, which is the key
point for AES as a promising market-based tool. Along with the
top-down and multiple levels of government regulation for the pro-
grams, other issues might result, leading to corruption, incomplete in-
formation, and delayed compensations (Shang et al., 2018).

Fourth, the current AES programs in China are quite monotonic in
terms of the implementation practices and contract modes. Other than
hundreds of developed (sometimes even tailored) measures, the Euro-
pean and US programs have been associated with various AES contract
types with the aim of improving the environmental impacts and the cost-
effectiveness of the programs, such as spatially heterogeneous pay-
ments, result-based payments and auctions among others, which are
lacking in China. However, whether they are result-based or action-
based payments the AES programs need to allow farmers voluntary
participation as a main feature of them, which is lacking in China.

Fifth, China lacks AES scientific evidence, and it is expected that the
AES program implementation in China should be guided by scientific
evidence from locally implemented studies like in EU and US. The
general study of AES in China demands more quantitative and technical
methods (Yang and Lu, 2018). Many reputable AES programs that have
been implemented so far in EU and US have been developed based on
research carried out by scientists, which is one missing component of
AES in China.

Sixth, the EU and US have structured funding which is also attractive
to farmers to participate in AES which is lacking in China. The Chinese
funding is mostly government-based while in EU we have AES that are
privately funded which is a clear indication of better private-public
partnerships in Europe compared to China. Although the geographical
scales and the governance structures differ of the EU, China and US, the
stable funding of AES and the involvement of stakeholders in EU and US
has guaranteed more successful and cost-effective AES implementation
compared to China.

5.2. Challenges of AES design and implementation in China

China is one of the major agricultural producers in the world in the
urgent need to adopt environmentally friendly practices to preserve
agricultural land, protect the environment and ensure food security (Cao
and Solangi, 2023). However, farmers in China face obstacles that
hinder the implementation of AES, including poor legislative frame-
works, insufficient funding to boost investment in conservation agri-
culture and limited technological innovation (Cao and Solangi, 2023).
More specifically, challenges to AES implementation are enumerated as
follows.

First, the Chinese economy has been growing in an accelerated
manner in the past few decades. Regardless of the economic growth, the
government has not established a clear legislative framework upon
which negative environmental externalities resulting from the growing
economy can be resolved. China has been making significant efforts to
promote its environmental initiatives. However, the building of
completed foundations from all perspectives, including national policy
and law, regulations in all levels of governance, funding sources and
allocation, and even the social attitude changing towards environmental
services, still needs more targeted efforts ahead. Right now, these
foundation buildings are not supportive enough particularly for good
functioning of AES as a market-based policy tool.

Second, AES are a market-based tool developed to internalize ex-
ternalities due to common goods tragedy. Due to this, the government
involvement for AES operation is unavoidable and necessary in some
ways, while the voluntary mechanism of AES is also the key for the
successful functioning of it. For a historically strict top-down gover-
nance country, applying both necessary governmental control and
flexible market-operating AES is challenging and needs explorations
based on the special governance modes and needs of China.

Third, in China farmers have no land property rights but only land-
use rights for crop production. This means we cannot refer to them as
landowners since land property rights belong to the government. This
makes farmers hesitant and less emotionally bound to participate in
improving the quality of agricultural land and protecting landscapes in
rural areas, while instead they have more concerns on productions. The
lack of property rights of Chinese farmers is analogous to that of tenant
farmers in Europe and US, who have been shown to participate less in
AES design and implementation than landowners (Biffi et al., 2021;
Ranjan et al., 2019).

Fourth, the lessons, experience and advanced mechanisms of AES
from Europe and US may not be feasible for direct application in China
due to the different national conditions. For example, there are typical
small-household farms in China with each family having scattered
pieces of cropland inter-bordering with other families, and the total area
of scattered cropland for each family is also small. This could make the
operation of advanced AES mechanism complex and difficult to achieve.
For example, if the AES design is payment for results, it is hard to say if
the observed results are due to the neighbor efforts or individual farmer
efforts. In addition, China may also need to develop further modes if
considering to solve social issues together with AES, like poverty and
inequity reduction (Zhu et al., 2018).

6. Recommendations of AES improvement in China

First, as a basic step, China needs to formulate systematic policies
and legislations to support the design and implementation of AES in a
similar manner like its counterparts in US and Europe. For example, the
US Farm Bill is a policy framework that offers continuous and updated
legislations for guiding the conservation directions of AES programs in
the nation. Further, the CAP in the EU integrates environmental con-
servation goals into agricultural subsidies thus promoting biodiversity
conservation and climate mitigation goals in the long-term. Besides,
with Farm Bill in US and CAP in EU playing a leading role, US States and
EU countries still have flexible designations on conservation specialty
along with autonomy when necessary. The current AES policy and
legislation in China are poor, and policy makers need to strengthen the
limited existing policies and build new frameworks with clear trans-
parent regulations and standards. For instance, building leading legis-
lations for AES in China from the central government and designating
local-level (like province- or city-level in China) the flexibility and au-
tonomy for considering spatially ecological differences could be a good
start.

Second, guaranteed funding sources and clear funding allocation
formulas for explicit environmental targets for AES in China should be
developed together with the legislation and policy building process. For
example, the US Farm Bill has ensured consistent funding providing
farmers with attractive financial incentives for long-term AES goals, and
clear payment formulas for different goals. Further, CAP in the EU has
been offering a proportion of overall funding and goals for AES pro-
grams, with allocation mechanisms being determined depending on the
country. The Chinese AES goals could also be adjusted along with
funding allocation, which cannot just be soil and water conservation but
also biodiversity conservation and climate change mitigation. In addi-
tion, Chinese government should encourage more stakeholder partici-
pation where private- and public-partnerships and international
collaborations could aid access to technology, markets and funding of
AES implementation.

Third, AES design and implementation in China need to be guided by
scientific evidence. On the one hand, the general theoretical research
with China’s special socio-political-economic-cultural context for AES
deployment need to be more contextualized in detail to solve environ-
mental and agricultural problems. The most concerning topics include
environmental effectiveness, farmer participation considering both
economic incentives and socio-cultural influences, cost-effectiveness
design of AES from perspectives of contract length, spatial scale,
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through action- or result-based payment schemes, different or fixed
payment rates, auction or other enrollment modes, as well as trade-offs
between cost-effectiveness and social welfare (reduction of poverty and
inequalities) among others. On the other hand, the Chinese government
needs to collaborate and fund local universities or research institutes for
scientific support to design efficient localized AES tailored to local cul-
tural and environmental needs, support monitoring and evaluation of
implemented programs, give farmers’ technical support and advance,
and act as a good rapport between farmers and government for better
communication.

Fourth, with policy, funding and scientific support, more practical
programs need to be carried out that fit the localized experience, are
more farmer-centered with voluntary participations based on feedback
and lessons drawn from the US and Europe. In the process, international
communications and knowledge exchanges through training, workshops
and collaborations with counterparts in Europe and US among other
countries could be very enlightening and helpful.

Fifth, along with all these anticipative developments, education and
awareness for attitude and perception change among citizens is needed.
Farmers should be educated to support AES in a similar manner to what
happens in the US or through local community engagement like in
Europe. It will help promote the understanding of the benefits and costs
of AES between farmers and government. Policies and other supports
need to be improved in an iterative manner like in the EU and the US,
along with evidence drawn from practical AES programs.

7. Conclusion and limitations

The design and implementation of AES in China is still at the
exploratory phase and an understanding of AES mechanisms in Europe
and US is important. There is a big difference between the pure con-
servation engineering and ecological compensation programs in China,
and the concept of AES in Europe and US. The fact that China does not
primarily value farmers voluntary participation as the primary partici-
pants who are supposed to implement the AES, lacks a reliable policy
framework and a strategy for stable dedicated funding is problematic. It
reduces the success of the programs, the cost-effectiveness, and the
ability to achieve environmental goals with measurable outcomes
especially because the nature of agricultural land is scattered, and
environmental challenges are complex. The AES implementation in US
and Europe has led to substantial environmental improvements and
although not perfect, there are valuable lessons for China particularly
regarding environmental, policy and ecological effectiveness, and cost-
efficiency.

Our study has several limitations. First, our comparisons from the
four perspectives are broad although not conclusive, and comparisons
based on scale and similar designs would be more appropriate. Second,
our study assumes that AES implementation in Europe and US should be
at per with that in China regardless of existing differences in economic
development, program scales and environmental priorities. Third, our
study findings are drawn from qualitative analysis without any primary
data to quantitatively demonstrate the differences in opinions from
stakeholders from the various regions.

CRediT authorship contribution statement

Mary Nthambi: Writing – review & editing, Formal analysis.
Zhengzheng Hao: Writing – review & editing, Writing – original draft,
Methodology, Investigation, Formal analysis, Conceptualization.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

No data was used for the research described in the article.

References

Ansell, D., Freudenberger, D., Munro, N., Gibbons, P., 2016. The cost-effectiveness of
agri-environment schemes for biodiversity conservation: a quantitative review.
Agric. Ecosyst. Environ. 225, 184–191. https://doi.org/10.1016/j.
agee.2016.04.008.

Armsworth, P.R., Acs, S., Dallimer, M., Gaston, K.J., Hanley, N., Wilson, P., 2012. The
cost of policy simplification in conservation incentive programs. Ecol. Lett. 15,
406–414. https://doi.org/10.1111/j.1461-0248.2012.01747.x.

Asian Development Bank, 2016. Toward a national eco-compensation regulation in the
people’s republic of China. Asian Development Bank, Mandaluyong City, Metro
Manila, Philippines.

Balana, B.B., Vinten, A., Slee, B., 2011. A review on cost-effectiveness analysis of agri-
environmental measures related to the EU WFD: key issues, methods, and
applications. Ecol. Econ. 70, 1021–1031. https://doi.org/10.1016/j.
ecolecon.2010.12.020.
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