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Abstract: Agroecosystems are complex socio-ecological systems that are managed by farmers to
achieve desired outcomes, including economic income and environmental benefits contributed by
ecosystem services (ES). Therefore, understanding farmers’ attitudes for ES will provide references
for targeted agricultural environment management, which is critical to achieving the sustainable
development of agriculture. The aim of this study is to identify the attitudes of farmers regarding
ES, and to test whether and how annual household income and social demographic characteristics
affect farmers’ attitudes toward ES. Using face-to-face interviews to collect data and the hypothesis
of environmental Kuznets curve (EKC) to provide an analytical framework, the results reveal that,
in general, the perceptions of farmers’ attitudes on ES are highly complex, caused by characteristics
of the farmers. Furthermore, the inflection points of the U-shaped curves, where priorities change
from increasing income to paying more attention to waste assimilation and biological pest control,
are identified at 17,091 and 25,071RMB, respectively. Initiatives that aim to achieve sustainable
agricultural development by strengthening ES provisions should be sensitive to farmers’perceptions.
Therefore, it is necessary to strengthen farmers’ educational attainment, concentrate fragmented
cultivation area and create reasonable incentives for preserving and restoring of ES and increasing
farmers’ income together, which then can enhance the positive outcomes from income growth.

Keywords: environmental Kuznets curve; annual household income; social demographic characteristics;
ecosystem services; payments for ecosystem services (PES) schemes; incentive mechanism

1. Introduction

Human food consumption, as well as feed and fiber production and use, has already placed
increasing pressure on the environment [1,2]. The nexus of environment-economy is a prominent
issue in global sustainable development, particularly for exploring a conservation strategy in the
agroecosystems that comprise roughly half of the global land surface [3,4]. On the one hand,
agroecosystems have been considered primarily as sources of provisioning services (such as food,
feed and fiber) which are important means of increasing the income of farm households [5,6]; on the
other hand, more recently their contributions to other types of services have been recognized, such as
regulation of soil and water quality, carbon sequestration, support for biodiversity and cultural services,
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as a result of society’s demand for growing environmental quality [1,7,8]. Indeed, linkages between
economically critical provisioning services and environmentally sustaining other types of services are
proven to be not only trade-offs but also synergies [9,10]. For example, traditional agriculture practices
support provisioning services availability by abandoning other types of services and replacing them
with external inputs, which in the longer term can offset the productivity of agroecosystems [11].
However, there is increasing evidence that appropriate management in agroecosystems may be
a successful strategy to support productivity of nature’s services while improving environmental
sustainability of ecosystems [10,12,13].

Focusing on the relationships between agricultural production and various ecosystem services
(ES) would be helpful in prioritizing which services are most important to manage agroecosystems
sustainably. Over recent decades, the complex connectedness among different ES have been explored
to better aid in managing agroecosystems. There is evidence that the delivery of regulating services
is central to transform trade-offs into synergies among ES; furthermore, supporting services can
enhance the delivery of multiple services to maximize synergies among ES [10]. Manure and crop
residue through waste assimilation could be utilized in agroecosystems mainly for improving the soil
physical and chemical properties and as nutrient sources for growing crops [14,15]. Insect pollination
supports production in 75% of globally important crops; moreover, pollination displays synergistic,
compensatory or additive effects with other factors contributing to yield, such as nutrient availability
and control of pests [13].Increasing the potential for biological pest control by conservation efforts and
disturbance mitigation could provide broader co-benefits for agroecosystem [16].Water regulation could
go hand-in-hand with increased yields through consuming rainfall, increasing soil moisture and keeping
groundwater stability, reducing vulnerability to waterlogging and salinization in agroecosystems [17].
Maintenance of natural genetic diversity plays a significant role in the ES cascade, since increasing
diversity has shown to be useful in pest and disease management and has the potential to enhance
pollination services and soil processes in specific situations [18].However, one of the inherent difficulties
of managing ecosystem services is that the individuals who control the supply of such services, such as
farmers and other land managers, may strongly influence the delivery of services [1]. Therefore, it is
crucial to know the opinions of farmers who manage ES on their land.

Farmers’ attitude could positively affect their behavior, therefore it is meaningful to understand
the trajectories of farmers’ attitude changes and continue to shape the trajectories. The “Kuznets curve”
describes an inverted U-shape relationship between income inequality and economic development [19].
The Kuznets curve has also been extended to describe changes in pollution or other impacts that are
believed to occur during socioeconomic development; this curve is referred to as the “environmental
Kuznets curve” (EKC) [20–22]. Agrarian economies tend to exploit more natural resources and ES [23].
Therefore, the analysis of environment-economy about agroecosystem differs from standard EKC
models, in that it focus on the problem of under-provision of a positive externality (ecosystem services)
rather than the over-supply of a negative externality (pollution) [21]. Similarly, standard EKC models
usually talk about an inverted U-shaped relationship between negative externality of environment and
economic development, but a corresponding relationship between positive externality of environment
and economic development should have varied along a U-shaped curve (Figure 1). In addition,
most previous EKC research describes the changes of environmental status, without identifying the
underlying factors responsible for the shape of the curve [24]. The status of agroecosystems delivering
ES (one of environmental status) depends on many factors which include farmers’ environmental
awareness, farm size and local policies [25]. Furthermore, farmers’ environmental awareness (attitudes)
are strongly influenced by economic and demographic characteristics [26,27].Thus, the hypothesis
of EKC is used as the theoretical core to identify trajectories of farmers’ attitude changes toward
the environment and explain how these changes are driven by socioeconomic and demographic
characteristics [24,28]. In other words, the hypothesis of EKC provides an analytical framework that
can be used to explore the dynamic interactions between concerns for ES and economic output of
agriculture, which can provide useful information for the design of future agro-environmental policy.
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Figure 1. Schematic of inversed U-shaped environmental Kuznets curve (EKC) hypothesis for 
negative externality and U-shaped EKC hypothesis for positive externality (adapted from Wang et 
al., 2015 [29]). 
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Mengyin County, Shandong Province. (2) Focus on possibility that the relationships between annual 
household income and attitudes of farmers toward ES may be described as an upright U-shaped 
curve. If a statistically significant curve exists, where does its inflection point occur? (3) Whether and 
how social demographic characteristics affect the attitudes toward ES, and what are the underlying 
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2. Methods 

2.1. Study Area 

This study area is located in Mengyin County, in the hinterland of the Yimeng mountain area 
in south-central Shangdong province, China (Figure 2). Mengyin County covers 1602 km2 and has a 
warm temperate monsoon continental climate, with an average annual temperature of 12.8 °C and 
an approximate annual rainfall of 800 mm. Mengyin County is rich in forest resources, covering 
almost 15% of total area, known as a “natural oxygen bar”, and is the national key soil erosion 
control county. Mengyin County has developed water system, covered about 5% of total area, and it 
incorporates the Dongwen, Zi, and Meng Rivers. Yunmeng Reservoir (the regional center of the 
area) fed by the Dongwen and Zi Rivers has been designated as Linyi urban drinking water source 
since 1996 [10]. Agriculture is an important enterprise in Mengyin County occupying 93,680 hm2, 
approximately 60% of the total area, and the large agricultural land includes 46% peach trees, 14% 
corn, 13% wheat, 12% peanut and 2% flue-cured tobacco [10]. Input intensive peach orchards have 
rapidly expanded, which is an important factor that causes non-point source pollution in Mengyin 
County. Therefore, the risk of soil pollution is getting bigger, which is highly related to ES resilience. 
In addition, this region has a number of resource assets such as national parks (e.g., Mengshan forest 

Figure 1. Schematic of inversed U-shaped environmental Kuznets curve (EKC) hypothesis for negative
externality and U-shaped EKC hypothesis for positive externality (adapted from Wang et al., 2015 [29]).

In sum, greater understanding related to local farmers’ strong perceptions about the ES is
a prerequisite to improve both environmental effectiveness and economic efficiency in sustainable
agroecosystems development. These perceptions convey both how to underpin the ES, which has
received considerable attention, and how to use information to shape policies and incentives for
better management of agroecosystems. Consequently, three objectives can be identified from this
study: (1) Measure the farmers’ attitudes toward ecosystem services by using their perceptions in
Mengyin County, Shandong Province. (2) Focus on possibility that the relationships between annual
household income and attitudes of farmers toward ES may be described as an upright U-shaped curve.
If a statistically significant curve exists, where does its inflection point occur? (3) Whether and how social
demographic characteristics affect the attitudes toward ES, and what are the underlying meanings?

2. Methods

2.1. Study Area

This study area is located in Mengyin County, in the hinterland of the Yimeng mountain area
in south-central Shangdong province, China (Figure 2). Mengyin County covers 1602 km2 and has
a warm temperate monsoon continental climate, with an average annual temperature of 12.8 ◦C and
an approximate annual rainfall of 800 mm. Mengyin County is rich in forest resources, covering almost
15% of total area, known as a “natural oxygen bar”, and is the national key soil erosion control county.
Mengyin County has developed water system, covered about 5% of total area, and it incorporates
the Dongwen, Zi, and Meng Rivers. Yunmeng Reservoir (the regional center of the area) fed by the
Dongwen and Zi Rivers has been designated as Linyi urban drinking water source since 1996 [10].
Agriculture is an important enterprise in Mengyin County occupying 93,680 hm2, approximately 60%
of the total area, and the large agricultural land includes 46% peach trees, 14% corn, 13% wheat,
12% peanut and 2% flue-cured tobacco [10]. Input intensive peach orchards have rapidly expanded,
which is an important factor that causes non-point source pollution in Mengyin County. Therefore,
the risk of soil pollution is getting bigger, which is highly related to ES resilience. In addition, this region
has a number of resource assets such as national parks (e.g., Mengshan forest park) and culturally
significant areas (e.g., the Memorial for the Battle in Menglianggu) that make it an interesting case for
the study of farmers’ attitudes in relation to ecosystem services [10].
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Figure 2. The location of the study regions (shaded dark) and sampling point of the study area
(Chen et al., 2017 [10]).

2.2. Data Collection

A total of 216 farmers were selected through a hierarchical sampling method with the following
three steps: (1) With Yunmeng reservoir as the center, a buffer zone was established at an interval of
1km and there were 39 buffer zones. (2) Each buffer zone randomly selected one or two villages as
sampling points and there were 44 sampling village. (3) From each sampling village, 4–6 farmers were
selected randomly, and a total of216farmers were interviewed by face-to-face interviews (Figure 2) [10].
The face-to-face interviews contained two sections. In Section 1, the interview focused on the general
characteristics of the farmers, including age, gender, education, household cultivated land area,
annual household income, cropstrains and willingness to participate in payments for ecosystem
services (PES) schemes. In Section 2, 10-point Likert scales were applied to measure relative importance
of ES (waste assimilation, water regulation, pollination, biological pest control and maintenance of
natural genetic diversity) for local farmers. The responses from the farmers on the relative importance
of ES were ranked from 1 to 10 (low to high). A pre-survey was conducted in June 2015, and the final
survey was conducted in August 2015 in Mengyin County.

2.3. Data Analysis

Although traditional environmental Kuznets curve researches focus on longitudinal or
cross-regional studies based on time-series data, longitudinal data and cross-sectional data, this study
used data in a novel way: the annual household income of different demographic groups were used as
a proxy for changes in annual household income over a longer period or different region. This approach
implicitly assumes that all demographic groups considered follow the same agricultural development
path. The assumption that this approach is valid must be confirmed through future research, but it
offers an interesting way to gain insights into the effects of attitudes on critical services without
requiring many years of study. Additionally, data in the study area were collected using face-to-face
interviews based on stratified random sampling surveys, thus providing a statistically robust dataset
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and high representativeness for the surveyed populations. As mentioned above, the range of values for
the points in regression equations were defined to underst and differences in attitudes toward critical
services at different income levels and as a function of education level, household cultivated land area
and age (Table 1).

Table 1. Category and the range of values of the general characteristics for the farmers.

Characteristics of the Farmers Category and the Range of Values

Annual household income (RMB)
Quantity (Yuan) <10,000, 10,000–20,000, 20,000–30,000,

30,000–40,000, 40,000–50,000, 50,000–60,000, 60,000–70,000,
70,000–80,000, 80,000–90,000, 90,000–100,000, >100,000

Educational level
Never attend school, Primary school (a total of 6 years),

Middle school (9 years), High school (12 years), and
College (15 years) or university (16 years)

Household cultivated land area (mu) Quantity (mu) <3, 3–7, 8–12, 13–17, >17

Age 18–22, 23–27, 28–32, 33–37, 38–42, 43–47,
48–52, 53–57, 58–62, 63–67, >67

Gender Male, Female
Willingness to participate in payments for

ecosystem services (PES) schemes Willing, Unwilling

Crop types Grain crops, Fruit crops, Mixed crops

The survey data were analyzed by using the IBM®SPSS 20 software (IBM, Armonk, NY, USA)
and R software (The University of Auckland, Auckland, New Zealand). The statistical methods were
adopted to interpret the data, including the independent-samples t-test which compared the values
for each pair of groups to determine whether any two groups differed significantly, and a one-way
analysis of variance which compared the differences among more than two groups. When the result
was significant (p < 0.05), independent-samples t-test and a one-way analysis of variance test identified
group values that differed significantly. Because the data distribution showed a U-shaped curve for
most datasets, R software performed nonlinear regression to describe these curves and quantitatively
revealed the position of the inflection point. The coefficient of determination (R2) was used to judge
the quality of the regression models. A regression model was accepted if the variance explained by the
model was higher than 50% at a significance level of p < 0.05.

3. Results

3.1. The Attitudes toward Ecosystem Services

The importance of ES for local farmers is presented in Table 2. The ecosystem services which were
considered in this study were perceived by farmers as being lowly to highly important (median = 3–8,
mean = 4.29–7.20) with a relatively large variation (SD = 2.123–2.753), as shown in Table 2. The results
highlight that the relative importance of ES perceived by farmers are ranked as follows: water regulation
(median = 8, mean = 7.20), pollination (median = 6, mean = 5.70), biological pest control (median = 5,
mean = 4.88), maintenance of natural genetic diversity (median = 5, mean = 4.70) and waste assimilation
(median = 3, mean = 4.29). Simultaneously, differences in perceptions of relative importance of ES
exist among different farmer groups (Tables 3 and 4). The results stress that gender has a significant
role in determining farmers perceptions about the importance of ES. Women had lower perception
of important value than men; particularly, the values of male perceptions about the importance of
biological pest control and maintenance of natural genetic diversity were significantly higher than
female perceptions (p = 0.015, p = 0.016, Table 3). Additionally, the results indicate that the values of the
importance of ES perceived by farmers who were willing to participate in PES schemes tended to be
higher than the farmers who were unwilling to participate in PES schemes, and the values perceived by
the willing farmers about the importance of biological pest control and maintenance of natural genetic
diversity were significantly higher than the unwilling farmers (p = 0.012, p = 0.007, Table 3). Among the
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farmers who plant different crop types, the perceptions of relative importance of ES were different,
whereas the differences were not statistically significant except for waste assimilation. The value of the
importance of waste assimilation perceived by farmers who plant fruit crops tended to be significantly
higher than the farmers who plant grain crops, and the value perceived by farmers who plant mixed
crops was not significantly different between others (p = 0.037, Table 4).

Table 2. Summary statistics of local farmers’ attitudes toward ecosystem services (the importance of
ecosystem services for local farmers).

Ecosystem Services Measure Value

Waste assimilation

Mean 4.29
Median 3

Standard deviation 2.663
Minimum 1
Maximum 10

Water regulation

Mean 7.20
Median 8

Standard deviation 2.123
Minimum 1
Maximum 10

Pollination

Mean 5.70
Median 6

Standard deviation 2.743
Minimum 1
Maximum 10

Biological pest control

Mean 4.88
Median 5

Standard deviation 2.753
Minimum 1
Maximum 10

Maintenance of natural genetic diversity

Mean 4.70
Median 5

Standard deviation 2.747
Minimum 1
Maximum 10

Table 3. The importance of ecosystem services perceived by respondents relative to gender and interest
in participation in PES schemes.

Relative Importance of
Ecosystem Services

Gender p-Value
Willingness to Participate

in PES Schemes p-Value

Male Female Willing Unwilling

Waste assimilation 4.41 ± 2.610 4.00 ± 2.780 0.300 4.37 ± 2.683 3.95 ± 2.578 0.371
Water regulation 7.38 ± 2.035 6.78 ± 2.278 0.061 7.25 ± 2.080 6.98 ± 2.315 0.464

Pollination 5.79 ± 2.820 5.52 ± 2.579 0.505 5.87 ± 2.729 4.95 ± 2.745 0.055
Biological pest control 5.17 ± 2.797 4.18 ± 2.537 0.015 * 5.10 ± 2.757 3.90 ± 2.548 0.012 *
Maintenance of natural

genetic diversity 4.98 ± 2.851 4.06 ± 2.398 0.016 * 4.93 ± 2.769 3.70 ± 2.441 0.007 **

* p < 0.05, ** p < 0.01.
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Table 4. The importance of ecosystem services perceived by respondents who plant different crop types.

Relative Importance of
Ecosystem Services

Crop Types
p-Value

Grain Crops Fruit Crops Mixed Crops

Waste assimilation 3.59 ± 2.245 a 4.60 ± 2.842 b 4.47 ± 2.658 ab 0.037 *
Water regulation 7.26 ± 2.151 7.48 ± 2.000 6.68 ± 2.228 0.071

Pollination 5.08 ± 2.661 5.92 ± 2.849 5.967 ± 2.617 0.127
Biological pest control 5.02 ± 2.668 4.78 ± 2.845 4.90 ± 2.723 0.866
Maintenance of natural

genetic diversity 4.32 ± 2.467 4.73 ± 2.956 4.02 ± 2.655 0.386

* p < 0.05.

3.2. The Relationships between Annual Household Income, Demographic Characteristics and Attitudes toward
Ecosystem Services

The results suggest that the relationships between annual household income and attitudes toward
ES are non-linear and the regression models under all critical services are accepted (Figure 3A1–E1).
This indicates that relationships between attitude toward waste assimilation, biological pest control
and annual household income imply the possible existence of a U-shaped curve (Figure 3A1,D1),
and the first derivative of the second order polynomial regression curves for waste assimilation and
biological pest control suggest the inflection points for attitudes are at annual household incomes of
17,091 and 25,071 RMB (US$2747 and US$4030 at an exchange rate of approximately 6.22 RMB/US$
in 2015). That is, if the annual household income is less than 17,091 and 25,071 RMB, then farmers
will prefer to increase their income rather than to focus on waste assimilation and biological pest
control, and the desire to pay more attention to waste assimilation and biological pest control will not
exceed the desire for economic growth until the annual household income is more than 17,091 and
25,071 RMB. However, the shape of the curves for water regulation, pollination and maintenance of
natural genetic diversity show that as annual household income increases, the values of the importance
of water regulation, pollination and maintenance of natural genetic diversity continue to increase
(Figure 3B1,C1,E1). This would imply that as annual household income increase, farmers increasingly
pay more attention to water regulation, pollination and maintenance of natural genetic diversity.

In general, the second order polynomial regression curves for all critical services suggest that as the
education level of the farmers increase, their attention toward ES increases gradually (Figure 3A2–E2).
However, with the exception of waste assimilation, these association relationships are not significant
(p > 0.05). Simultaneously, the results show that the values of the importance of waste assimilation,
pollination, biological pest control and maintenance of natural genetic diversity are initially expected
to rise with an increase in household cultivated land area and then fall after household cultivated
land area passes beyond a certain critical threshold (cultivation area “turning points” are 12.65, 12.66,
15.17 and 12.40 mu, respectively) (Figure 3A3,C3–E3). However, these association relationships are not
significant (p > 0.05). In addition, the regression models of relationships between attitudes toward
water regulation, maintenance of natural genetic diversity and age are accepted, and the values of the
importance decline with the increasing of age (Figure 3B4,E4).

3.3. The Contributions of This Research

The contributions of this research show in the following aspects. (1) This study introduces the
farmers’ perception of the importance of ecosystem services into the process of ES evaluation and
application of agroecosystems, and contributes to agricultural environment protection research. (2) This
research detects the impact of farmers’ general characteristics on their ES perception and extends
the research on the factors affecting farmers’ ES perception. (3) Based on the environmental Kuznets
curve (EKC) theory, this study examines the relationship between household income level and farmers’
ES perception, revealing the important role of economic drivers at the micro level.
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Figure 3. Attitudes of farmers toward ecosystem services as a function of annual household
income, education level, household cultivated land area and age. For annual household income,
household cultivated land area and age, values are plotted at the midpoint of the categories defined in
Table 1. Response values for the attitudes toward ES (the relative importance of ES) are ranked from
1 to 10 (low to high), and higher values represent more concerns about the ES.* p < 0.05, ** p < 0.01.
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4. Discussion

4.1. Farmers’Attitudinal Responses on Ecosystem Services

Since farmers are directly responsible for taking decisions and managing agroecosystems,
strategies for improving environmental sustainability of ecosystem functioning should consider
their attitudinal responses on ecosystem services [30,31]. Nevertheless, perceptions of ecosystem
services are multifactorial constructs that can also be influenced by individual characteristics and local
PES [10,32–34]. The results stress that gender influences farmers’ perceptions of relative importance
of ES: male farmers are more cognizant of the importance of ES, notably for biological pest control
and maintenance of natural genetic diversity. This is similar to the findings of other studies which
demonstrate male farmers are more aware of ES and more likely to perceive the less obvious ES [35–37],
probably because the less obvious ES (e.g., maintenance of natural genetic diversity) indirectly impacts
farmers and requires some degree of ecological knowledge to be understood. On one hand, direct work
on farmland promotes better opportunities for male famers to gain more experience with ecological
processes [34]. On the other hand, older male farmers with more years of formal education may be
capable of increasing cognitive abilities and improving their perception of surroundings (in this study,
the years male farmers received formal education is significantly higher than the years female farmers
received the same; the average years of formal education are 8.10 and 6.53, respectively. The male
farmers are also significantly older than the female farmers; the average ages are 51 and 47, respectively).
Considering the different situations of the farmers’ crop type, the main differences in perceptions about
relative importance of ES among grain crops farmers, fruit crop farmers and mixed crop farmers are
pollination and waste assimilation. Indeed, both fruit crop farmers and mixed crop farmers recognized
more importance of pollination, since many fruit varieties are not self-pollinating and pollination is an
essential driving force of crop production [38–40]. Additionally, some farmers said pesticides they
used may impair bee colonies. The need to reduce pollinator exposure to harmful pesticides has led
them to appeal to expedite the adoption of integrated pest and pollinator management [41]. Fruit crop
farmers also recognized a significantly higher value of the importance of waste assimilation than grain
crop farmers, since they apply more organic fertilizers through waste assimilation with the aim of
sustaining or improving soil fertility and fruit quality. In fact, there is some evidence that this is the
case [42,43].

This study also shows that the perception of farmers on relative importance of ES is interconnected
with farmers’ willingness to participate in PES schemes. Farmers who are willing to participate in
PES schemes are more aware of the importance of ES. On one hand, acceptance of PES schemes
which offer financial compensation for the costs of certain management actions is likely to strengthen
perceptions that ecosystem services are valuable [44–46]. On the other hand, the farmers who
endorse ES values are likely to accept PES schemes as an effective way to manage farmland [36,47,48].
Payments for ecosystem services have attracted increasing interest as a mechanism to encourage
an effective combination of environmental protection with agricultural production (e.g., the US
Conservation Security Program (CSP) and the European agri-environment schemes (AES)) [1,49,50].
At present, China’s agricultural PES programs are still in the initial stages and land consolidation
in China always focuses on the two core objectives of replenishing arable land and improving
agricultural infrastructure [10,51]. Land consolidation in China is experiencing a transformation
toward sustainability, which may improve the link between payments and the provision of ecosystem
services in agricultural PES programs. Thus, before a series of environmental conservation measures
based on economic instruments would be widely adopted to improve the status quo of agricultural ES,
it is crucial to assess farmers’ existing intrinsic motivations [52]. For instance, this study shows that for
the farmers interviewed, water regulation was the most important ES, probably because climatic factors
have stronger economic impacts to producers and that is especially true for food producers, who rely
upon proper water management to sustain food production. This highlights the need for agricultural
PES programs aiming at water-conservation function through practices already familiar to farmers,
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such as small scale reservoir irrigation systems, riparian strips vegetation management and improving
soil quality. Furthermore, the variation in the farmers’ perceptions on ES found in this study triggers
the question to whether a relative widespread adoption of future environmental conservation measures
should match with the way how farmers understand their own agroecosystem. Firstly, initiatives that
aim to strengthen agricultural ES provision should be sensitive to farmer’s perceptions and may need to
consider using specific strategies for different farmer types [31]. For example, fruit crop farmers could
be encouraged to implement measures synergetic benefits from pollination and biological pest control
services. Secondly, environmental conservation measures should prioritize informal environment
education to promote scientific knowledge of ES [30,34]. In summary, what is needed are flexible,
intelligent agricultural PES programs more suited to local requirements.

4.2. Unravelling Attitudinal Change of Farmers toward Ecosystem Services through the EKC Theory

Environmental Kuznets curves are not just used to analyze the relationship between economic
development and positive externality of environment [29,53,54], but also to explain the strong
environmental concerns of people by individual or micro level incomes [55,56]. Therefore, this study
introduces annual household income of farmers as a moderating variable at the micro level to
understand how the attitudes toward ES changed with annual household income level. The results
show two scenarios: steady growth curves for water regulation, pollination and maintenance of
natural genetic diversity or U-shaped curves for waste assimilation and biological pest control
(Figure 3A1–E1). This suggests that more positive attitudes toward ES are held by farmers with
higher income, showing that financial means are key determinants of farmers’ environmental attitudes.
The moderating effect of farmers’ income level on attitudes toward ES can be understood as two aspects.
On one hand, rising household income of farmers will not in itself ensure improvements in agricultural
environment performance [56,57]. Considering the specific Chinese setting, compared with farmers
in developed countries, Chinese farmers are excessively financially dependent on farmland [56].
For example, in the EU member states, AES has been implemented through contracts between public
institutions and farmers, and requires farmers to change their farming practices in order to improve
ecosystem services and in return for compensation per hectare of land [48,56,58,59]. AES offer financial
compensation which help to reduce farmers’ dependence on farming income, thereby reducing the risk
of ecosystem services loss [56,60,61]. However, in China, the economic and policy environment is very
different. For example, the Grain to Green Program (GTGP) converts cropland on steep slopes to forest
and grassland, and mainly relates to structural changes in forestry and agriculture [10,62]. Additionally,
the income of Chinese farmers has improved since the reform of the “household contract responsibility
system”, but farmers’ dependence on farming income driven by intensively farmed land is still very
high, which reduces and threatens the ecological and financial contribution of some ES [56,63,64].
On the other hand, the underlying implication of ES attention is farmers’ insight that conventional
agriculture practice endanger ES, combined with the willingness to protect and restore ES [1,65–68].
The underlying implication consists of two components, the cognitive component of having the rational
insight (when ES perceived by farmers are fragile which limits support for yields, it leads to call for ES
attention) and the conative component of being willing to do something about it (a robust growth in
ES attention would result in actual benefits for the agricultural environment). Actually, the insight
may reflect two explanations that an increase in annual household income leads to higher agricultural
environment pressure per unit of income and income growth is supposed to cause changes in farmers’
values, consciousness and preferences, producing increasing attention for agricultural environment
quality [56,69–72]. For the conative component, farmers’ attitude could positively affect their behavior,
however gaps exist between the expression of attitudes toward ES and the actual behavior performed by
the majority of individuals in everyday choices [73,74]. The improvement of ES often strongly depends
on collective behaviors with limited possibilities for the single individual to make any difference by
changing his or her course of action [10,75]. Thus, farmers’ attitudes can affect agricultural environment
quality by influencing individual behavior, but their actual effect also depends on the broader system
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of incentives produced by social, economic and institutional environments [69]. As mentioned above,
even if the awareness of importance for ES somewhat increases in high-income farmers, it is unlikely
that based on farmers’ household income forces could lead by themselves to an improvement of
agricultural ES. It is quite necessary to create the right incentives to advocate for environmentally
friendly farming practices to tackle the preservation and restoration of ES and increase farmers’ income
together, and incentives then can enhance the positive outcomes from income growth.

To create reasonable incentives (e.g., agricultural PES programs) for the farmers based on the EKC,
the point where farmers decide to exchange more attention on farmland income for more attention on
ES (the income at which priorities change from income to ES attention) could provide an important
reference. The results indicate that turning points for waste assimilation at 17,091 RMB in annual
household income and at 25,071 RMB for biological pest control are identified, after which further
household income growth tends to pay more attention to waste assimilation and biological pest control
(Figure 3A1,D1). In the other words, after the 17,091 RMB or 25,071 RMB monetary foundations,
farmers can start adding emphasis to waste assimilation or biological pest control rather than first and
foremost caring about their monetary returns. According to results, the values of the importance of
water regulation, pollination and maintenance of natural genetic diversity tend to increase with annual
household income growth (Figure 3B1,C1,E1). This may reflect rising tensions on water regulation,
pollination and maintenance of natural genetic diversity in the opinions of farmers rather than first
and foremost caring about their monetary returns. In these situations, non-monetary incentives
(e.g., agricultural infrastructure development, information sharing and technical support) may work
better as a reasonable mechanism for improving maintenance of these ES [69,76,77]. Apart from
monetary and non-monetary incentives linked to environmentally beneficial attitudes and behavior,
farmers’ attitudes toward ES also depend on individuals’ socio-demographic characteristics (such as age,
education and farmland scale of household). Specifically, as the education level of the farmers increases,
their perceptions of the importance of ES gradually increase (Figure 3A2–E2). Education enables
farmers to consider the marginal cost and benefit of ES and recognize the direct impact of ES on their
agricultural production, thus educational attainment has a strong effect on ES concerns [10,34,78].
It can be obtained from Figure 3A3,C3–E3, as household cultivated land area grow, that the values
of the importance of waste assimilation, pollination, biological pest control and maintenance of
natural genetic diversity initially rise and then decrease; meanwhile, cultivation area “turning points”
are 12.65, 12.66, 15.17 and 12.40 mu (0.84, 0.84, 1.01 and 0.83 ha), respectively. According to survey,
the average household cultivated land area is 5.25 mu (0.35 ha) and is smaller than every critical
threshold. In this case, based on published literatures relating the impact of cultivated land size on
agricultural sustainability, that increase in cultivated land size is associated with the improvement
of environmental performances [68,79]. Farmers who are younger in age are inclined to contribute
attention on ES (Figure 3B4,E4). There is evidence that the educational level of younger farmers is
significantly higher than that of older farmers, and young farmers are more aware of ES [36,56]. In sum,
education, age and cultivation area do affect the farmers’ perceptions of ES. Additionally, an increase in
years of formal education and farming area would be pathways for the improvement of agricultural ES.

4.3. Implications, Limitations and Perspective

Based on environmental Kuznets curve theory, this study seeks to understand the interconnections
between farmers’ attitudes toward ecosystem services and their annual household income for
supporting sustainable development of agriculture. This research conclude that as PES programs
for environment conservation have been most focused worldwide, it is crucial to create not only
reasonable monetary incentives but also reasonable non-monetary incentives for improving farmers’
attitudes toward ES to restore agricultural environment and help increase household income.
For example, subsidies should be used to promote farmers caring about ES and take measures
to protect and restore ES. The results heighten the importance to enhance farmers’ attitudes toward ES
and clarify the factors affecting farmers’ ES perception. However, due to various restrictions, there are
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some limitations in this research reflecting in the following two aspects. On the one hand, survey data
cannot reveal the time effect on farmers’ perception of ES importance. Therefore, future research
should collect survey data across a time period for enhancing the robustness of the results. On the
other hand, this research has not addressed the implications of spatial spillover effects in explaining
farmers’ perception of ES. Therefore, future research should explore spatial dependence about farmers’
attitudes toward ES to make effective local policies.

5. Conclusions

This study highlights the farmer’s attitudes on ES and the trajectories of farmers’ attitude
toward ES change caused by annual household income and social demographic characteristics which
are helpful in providing references for agricultural environment management. The results reveal
that, in general, the perceptions of farmers’ attitudes on ES are highly complex and attributed to
characteristics of the farmers. The trajectory of farmers’ attitude change caused by annual household
income follows steady growth curves for water regulation, pollination and maintenance of natural
genetic diversity, and U-shaped curves for waste assimilation and biological pest control. The inflection
points of the U-shaped curves, where priorities change from increasing income to paying more
attention to waste assimilation and biological pest control, are identified at 17,091 and 25,071 RMB,
respectively and could provide important references for reasonable incentives (e.g., agricultural PES
programs). Furthermore, farmers’ attitudes of ES can affect agricultural environment quality, but their
actual effect also depends on the broader system of education, land management and incentives
produced by social, economic and institutional environments. Therefore, it is necessary to strengthen
the farmers educational attainment, concentrate fragmented cultivation area and create reasonable
incentives (including monetary and non-monetary incentives) for improving farmers’ attitudes toward
ES to support sustainable development of agriculture.
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