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The relationships between ecosystem services and farmers’ livelihoods are important
for ecological and livelihood sustainability. In this paper, Chongqging was picked up
as a case to elucidate the contribution of ecosystem services to farmers’ livelihoods.
First, we constructed a DPSIR (driver, pressure, state, impact and response)
framework of ecosystem services and farmers’ livelihoods through participatory
farmers’ livelihoods surveys and empirical data from the literature. Then, a 48-node
Bayesian network model were used to explore the explicit and implicit impacts of
both ecosystem services and farmers’ livelihoods, and to determine the key factors.
Finally, we analyzed the contribution of ecosystem services to different types of
farmers’ livelihoods. The results showed that ecosystem services have a significant
impact on the farmers’ livelihoods. The probabilities of high state for ecosystem
services and livelihood outcomes were 17.6% and 30.7%, respectively. While the
probabilities of medium state were 51.2% and 4547%, respectively. Particularly for
low-income farmers, the impact on them increased with the increasing of ecosystem
services (such as esthetic landscapes and food production). For different types of
farming households, the most important contributor of ecosystem services-
related income were pure farming households, part-time farming households and
nonfarming households, accounting for 77.3%, 36.3%, and 14.8% of the total average
annual household income, respectively. Our findings suggested that in promoting
sustainable management of ecosystems, the contribution of ecosystem services to
farmers’ livelihoods and their impact on farm income and the ecosystem services
value should be considered.

KEYWORDS

ecosystem services, farmers’ livelihoods, DPSIR framework, Bayesian network model,
contribution rate, Chongqing

1. Introduction

Humans are fully dependent on earth’s ecosystems and the services that they provide
[Millennium Ecosystem Assessment (MEA), 2005]. In almost all settings, low-income rural
households are more directly dependent on ecosystem services (ESs) than average households
(Hansen et al., 2015; Adger et al., 2018). However, the degradation of ecosystems such as forests,
agricultural lands and wetlands, caused by human activities, can seriously threaten people’s
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livelihoods at a local or larger scale (van Dam et al., 2013). Therefore,
understanding rural farmers’ livelihoods and ES dependencies and their
interrelationships can help reduce and prevent livelihood stresses caused
by ecological resource degradation in the context of social development.

ESs not only are essential for maintaining ecological balance but also
provide enormous economic benefits to human society (Orchard et al.,
2016; Robinson et al., 2019). People living in rural areas, especially in
developing countries, are highly dependent on the environmental
resources and services provided by natural ecosystems (Hugq et al., 2020;
Sarkodie and Adams, 2020). The environmental resources of different
ecosystems and associated income-generating activities are an important
source of livelihoods for farming households (Walelign and Jiao, 2017).
For example, the region’s forest ecosystems act as a primary livelihood
source, acting as a safety net for its farming households facing poverty
and livelihood stress (Pouliot et al., 2012). ESs are important for
alleviating poverty and improving the well-being of farming households
in rural areas, but as urbanization progresses, an increasing number of
people rely directly on ESs for their livelihoods.

Rural livelihoods are spatially and temporally diverse, and
populations depend on more than one ES for their income. ESs often
appear as a group of services that recur together so that some services
(e.g., provisioning services) are more intuitively available than other
service groups (Adams et al., 2018, 2020). Different ESs provide multiple
services to different farmers, and the use of these resources can
be influenced by government policies. In rural areas, the demand for
agricultural land as the population increases, combined with a high
dependence on local natural resources, can result in the conversion of
regional ecological resources, such as changes in forest and cropland,
and the conversion of “wasteland” that needs to be “reclaimed” (Tripathi
et al, 2019; Zhu et al,, 2021). To sustain livelihoods and ecologically
sustainable management, there is a need to understand the linkages
between ecosystem user livelihoods and ESs.

Current studies related to ESs and human well-being have yielded rich
results, but the following three essential aspects have been less commonly
studied over the long term: (1) The research on the explicit/implicit
relationship of ESs and farming household livelihoods is insufficient.
Provisioning and cultural services directly provide benefits to farming
households (defined as explicit relationship), while supporting and
regulating services indirectly affect farming household-related income
through delayed effects (defined as implicit relationship; Rahman, 2010).
However, few studies have examined the impact of ecosystem services on
farmers’ livelihoods in terms of explicit and implicit relationships. (2) The
difference in the contribution of ESs to the livelihoods of different types
of farming households is understudied. The collection and exploitation of
ES products by low-income households in rural areas is an important
source of income and means of livelihood (Nguyen et al., 2015; Walelign
and Jiao, 2017), and understanding the contribution of ESs to farming
households based on the farming household level can reveal the variability
in the extent of ecosystem use by different farming households. (3) Few
studies have examined the mechanisms of ESs and farming household
livelihood impacts. Exploring the impact mechanisms of ESs and farming
household, livelihoods can enhance the potential for household livelihood
growth in rural areas and provide corresponding suggestions and
responses for ecological management.

Against this background, this paper explores the following research
questions: (1) How to quantify the explicit/implicit relationships between
ESs and farmers’ livelihoods; (2) how to measure the contributions of ESs
to farms’ livelihoods; (3) and how to reveal the impact mechanism between
ESs and livelihoods. To answer these questions, first, we analyzed the
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socio-demographic characteristics of different types of farming households
by using a sample of 517 household questionnaires collected within the
Chongging municipality area. Second, we introduced a DPSIR (driver,
pressure, state, impact, and response) conceptual model of ecosystem
services and farmers’ livelihoods, and further developed the Bayesian
network (BN) models to quantify the explicit/implicit relationships
between ESs and farmers’ livelihoods. Third, we determined the key factors
of the impacts of ESs and farmers’ livelihoods and explores the
contributions of ESs to the livelihoods of different types of farming
households by using relative Kuznets ratio and absolute Kuznets ratio.
Finally, we discussed and analyzed the differences between ESs and farmers’
livelihoods in different regions, and households at different income levels,
to better understand the complex linkages between ESs and livelihoods.

2. Materials and methods

2.1. Study area

Chongqing is located in southwestern China at longitude 105°11’-
110°11” E and latitude 28°10"-32°13" N. The city has 26 districts, 8
counties, and 4 ethnic autonomous counties, which can be divided into
the main urban area, the western area, the northeastern area, and the
southeastern area (Figure 1). As seen from Chongqing Municipal
Statistical Bulletin data in 2019,' the rural population of Chongging
reached 10.3733 million, and the per capita disposable income of rural
residents was 15,133 CNY, an increase of 9.8% over that of the previous
year. Among the levels of disposable income, that in the main urban areas
of Chongqing is higher than the average level, and the economic
development of the districts and counties is uneven. Urban areas are
densely populated, and rural areas are sparsely populated, with a resident
population urbanization rate of 66.8% (see Footnote 1). According to the
implementation of the poverty eradication strategy, the city’s rural
population living in poverty is 24,000, which is down 115,000 from that
at the end of the previous year, with a poverty incidence rate of 0.12%,
which is 0.58% down from that in the previous year (see Footnote 1). The
per capita disposable income of rural residents in poor areas is 13,832
CNY, an increase of 10.9% over that of the previous year (see Footnote 1).

There are 58 nature reserves in Chongqing, including 7 national-level
nature reserves. The study area is rich in biodiversity, with the Ta-pa
Mountains in northeastern Chongqing and the Wuling Mountains in
southeastern Chongging being key areas of biodiversity with global
conservation significance. At the same time, the Chongqing region
provides important resources on which surrounding communities depend,
and cultural services related to recreation and nature tourism activities are
also highly influential in the local economy, making Chongging an
important study area for assessing the impact of ESs on farmers’ livelihoods.

2.2. Data sources

In this paper, we collected farming household research data from
some districts and counties in Chongqing and selected a number of

1 The data come from the Chongging Municipal Statistical Bulletin data in 2019.
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FIGURE 1
Location of Chongging, China.

TABLE 1 Details of questionnaires in all four functional areas in Chongqing.

Area Number of valid Ratio  Survey
questionnaires time
The main urban area 94 18% 1. Offline:
The western area 100 19% November-
December 2019
The northeastern area 277 54%
2. Online
The southeastern area 46 9%
February-
Chonggqing City 517 100% March 2020

villages, such as Xinghua Village, Xiongzhu Village, Yanghe Village,
Daxing Village and Ziping Village in Xiuqi Township, Chengkou
County; Jianguo Village, Wenxi Village, Dawanhe Village, Guihua
Village and Xiangjiawan Village in Gaojia Township, Fengdu County;
Yuxi Village, Linjiang Village and Nanzhu Village in Longkong
Township. By combining questionnaires and fieldwork, we selected
statistically representative households to collect socioeconomic and
behavioral data. To ensure the representativeness of the survey data,
we had to collect at least 440 questionnaires (Yamane, 1967; Odhiambo
et al,, 2019). A total of 517 valid questionnaires were obtained after
102 valid
questionnaires through face-to-face interviews and 415 valid

eliminating incomplete questionnaires, including
questionnaires through online questionnaires.

We conducted surveys in all four functional areas in Chongqing
(Figure 1), and the number of questionnaires administered was
proportional to the population (Table 1). Data were collected on

categories such as household demographics, income sources, various
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livelihood assets, and perceived feelings of farmers related to ESs.
Household survey data were obtained and supplemented with in-depth
discussions with selected individuals to determine the ecosystem use
status based on farmers” income. These discussions contributed to the
understanding of the impact of farmers’ livelihoods on ESs, including key
factors and linkages among changes in key household livelihoods and ESs.

2.3. Methodology

2.3.1. Farmer questionnaire design

The complexity of the relationship between farmers’ livelihoods and
ESs requires the use of a combination of research methods. In this paper,
qualitative and quantitative methodologies were used to conduct the
study. Data from statistical bulletins and statistical yearbooks of
Chongging city districts and counties were queried and analyzed to
provide a pre-research base of information on farmers’ livelihoods and
ESs and a structural background for the questionnaire design.
Livelihoods can be defined as natural, physical, human, financial, and
social capital activities and access to these resources that together
determine the standard of living obtained by individuals or households
(Angelsen et al., 2014; Hansen et al., 2015), and household income is
considered to be a proxy for livelihoods that directly measures and
reflects livelihood outcomes. We classified ESs into 11 categories based
on Xie et al. (2017), which based on Costanza et al. (1997) and modified
according to the characteristics of Chinese ecosystems, and is more
applicable to China. The details please refer to the Appendix B for the
specific questionnaire.
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The questionnaire design was divided into four sections: basic
information, livelihood assets, livelihood income contribution, and
farmers’ perceptions of ESs. Each section was measured by multiple
variables. (1) Basic information includes the sociodemographic
characteristics of households, which were used to describe the impact
of basic household characteristics on livelihood activities. (2) Livelihood
assets include mainly natural, physical, human, financial, and social
capital activities of rural households, and these livelihood asset variables
allow a more accurate assessment of farming household differences in
livelihoods. (3) Livelihood income contribution mainly includes forest,
crop, and livestock income as ES income, plus other income, and this
information provides a detailed understanding of rural household
demographic-related income. (4) Farming households’ perception of
ESs involved stakeholders’ knowledge of ecosystems and their
perception of ES provision. Please refer to the Appendix B for the
specific questionnaire.

Before conducting the survey, we conducted a pre-survey and then
evaluated the reliability and validity of the questionnaire by using SPSS 26.0.
(1) Reliability testing. Excluding objective variables that are not suitable for
reliability testing (e.g., occupation, source of household income), the
reliability statistics of the questionnaire in this paper, with a Cronbach’ s «
coefficient of 0.791, indicating that the questionnaire has a good level of
reliability. (2) Validity testing. The KMO value for the questionnaire was
0.796 and the p-value was 0.000, indicated that the results of the
questionnaire’s items accurately reflect the purpose of the study.

When conducting the survey, household respondents selected
members who were well aware of the household situation, mainly the
head of the household or spouse, to provide household information
data. The purpose of the farming household survey was to collect
detailed data related to all livelihoods of each farming household and to
obtain a side-by-side comparison what each farming household
perceives as ESs as a relevant user of ESs.

2.3.2. BN model establishment

The BN as a machine learning language, proposed by Pearl (1988),
is a graphical, multivariate, statistical model based on probabilistic
reasoning. a BN model based on the relationship between ESs and
farmers’ livelihoods was constructed in this paper by using Netica
software,” including the following three main steps: identification of ESs
and farmers’ livelihood-related ESs; analysis of the DPSIR (driver,
pressure, state, impact, and response) framework between ESs and
farmers’ livelihoods; and BN model implementation based on ESs and
farmers’ livelihoods.

2.3.2.1. Identification of ESs and farmers' livelihood-related
ESs

We analyzed ESs that contributed to farmers livelihoods in
Chonggqing, where agricultural and forest ecosystems are the main
sources of farmers’ livelihoods, i.e., supply services generating raw
material production and food and water supply. Agricultural or forest
ecosystems also provide cultural services to humans (e.g., as an esthetic
landscape or the generation of crop diversity). In addition to support
services, humans do not directly benefit from soil formation and
conservation services, but such changes affect people indirectly through
their impact on other regulating or provisioning services. As shown in
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Figure 2, these tangible and intangible ESs directly or indirectly impact
human well-being and survival.

2.3.2.2. DPSIR framework for ESs and farmers’ livelihoods

We embedded the DPSIR framework to consider the explicit and
implicit impacts of ESs on farmers’ livelihoods to establish the basis for
a BN structure. The most important DPSIR chains of ESs and farmers’
livelihoods were constructed through a literature review and comparison
and research study (Lewison et al., 2016; Ahmed et al., 2021).

Farmers’ livelihood indicators were selected based on survey. The
main causes of changes in ESs include household demographic changes,
land use changes, and pollution from rural and agricultural development,
of which agriculture is considered the most influential (Kuldna et al.,
2009; Lewison et al., 2016). In this paper, the drivers of ESs were divided
into direct and indirect drivers. Indirect drivers originated from the
population, economy, social policy, culture, religion, science, and
technology. Direct drivers directly affect ecosystem conditions and
directly change the provision of ESs. Such drivers mainly included land
use change (influenced by urbanization), overexploitation of natural
resources and emissions of various pollutants, which were closely related
to farmers’ livelihood activities. Therefore, in Figure 3, an integrated
framework combining ESs with farmers’ livelihoods and the DPSIR
model was developed as the theoretical basis for the analysis.

2.3.2.3. BN model

1. Identification of node variables. The causal chains of individual ESs
and farmers’ livelihoods provided the context for how causes are
interrelated and influence each other. Structural learning was
performed by forcing or hindering selected links and directions in
the learning process through the constructed DPSIR chains as
nodes and networks of the model. We selected 48 node variables to
construct the BN model of ESs to farmers’ livelihoods relationships.

2. State classification of node variables. The nodal variables include
both discrete and continuous data. The meaning of each node is
shown in Supplementary Table S1, and for each node, a qualitative
or quantitative indicator was defined. The collected quantitative
data and qualitative evidence were used to populate the BN model.

3. Model accuracy testing and sensitivity analysis. The conditional
probability tables were elicited for evaluation. Model evaluation
tools included mainly qualitative assessments (e.g., participatory
feedback from experts or stakeholders) and quantitative
validation (assessing accuracy by obtaining data or other data
for comparison) as well as sensitivity analysis. The K-fold cross-
validation approach was used to test the accuracy of the BN
model. We divided 517 questionnaires into 8 equal sample
subsets, and then the eight subsets are traversed in turn to train
and test the model. The overall accuracy was 84.6%. In this
paper, sensitivity analysis was used to determine which
variables had an impact on the highly sensitive target variables.
Sensitivity analysis was performed by applying “sensitivity to
findings” to the “ecosystem services” and “livelihood
outcomes” nodes.

2.3.3. Measuring the contribution of ESs to farmers’
livelihoods

To measure the contribution of ESs to farmers’ livelihoods,
we calculated the relative Kuznets ratio (RKR) between total farming
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household income and ecosystem services-related income based on
the following three steps. After first ranking farming households
according to their surveyed household income, farming households
were then grouped into quintiles (Angelsen et al., 2014; Pontarollo
and Mendieta Munoz, 2020), and finally the ratio of ESs-related
income between the highest income (top 20%) and the two lowest
income quintile (bottom 40%) was obtained (Angelsen et al., 2011,
2014). A value of RKR < 1 indicates that low-income households have
a higher share of ESs-related income. A similar calculation for
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absolute ESs-related income, which we call the absolute Kuznets
ratio (AKR).

3. Results
3.1. Farmers' livelihood questionnaire results

Referring existing research results on the classification of farming
households (Liu, 2021; Waruingi et al., 2021), we classified farming
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household livelihoods type into pure farming households, part-time
farming households, and nonfarming households based on the
direction of household labor input. The survey results were shown in
Figure 4, the sample data available for pure farming households were
minimal, accounting for 7.2% of the total sample size, while part-time
farming households accounted for 48.7% of the sample; the size of rural
households was generally 4-5 persons, but the household labor force
was generally only 2-3 persons.

For 88.6% of households, the head of the household is male and
predominantly young and middle-aged and in good health. Rural
households have an increasingly wide range of livelihood options,
with 8.4% and 11.2% of households engaged in farming and
cultivation, respectively, but only 7.2% of households relied on
agriculture alone for their livelihoods (Figure 4). Among them, the
arable land area of the pure farming household was 3-6 acres, while
the highest farming household reached more than 21 acres to grow
orchards and forests for subsistence income. In addition, a high
proportion of 31.4% farming households worked outside the home
(Figure 4), with the main family labor force working outside the
home while the remaining family members farming at home. The
family expenses were mainly maintained by planting crops and
raising poultry, and additional expenses were maintained by
labor income. In addition, the average annual total income of
farming households was 20,000-50,000 CNY (Figure 4), and
we found that the overall income of farming households was
increasing year by year with the increasing proportion of
non-farm employment.

10.3389/fevo.2023.1106167

3.2. Analysis of explicit/implicit relationships
between ESs and farmers’ livelihoods

3.2.1. Explicit relationships analysis

As shown in Figure 5, the probabilities of “high” and “medium”
states for “ecosystem services” and “livelihood outcomes” are 17.6% and
30.7%, and 51.2% and 45.4%, respectively. The impact on low-income
farmers increased when the level of ESs increased. We found that the
capital of a farmer’s livelihood determined the relative magnitude of
different livelihood incomes. In detail, forest income refers the extent to
which farmers use forests and consume forest products, depending on
the production of raw materials, climate regulation and the biodiversity
of the ecosystem; crop income refers the extent to which farmers
cultivate their land to obtain products, depending on the food supply
and hydrological regulation of the ecosystem by different crops; livestock
income reflects the use of grassland and the consumption of aquatic
products by farmers, depending on ecosystem soil formation and
protection, water supply and environmental purification, while cultural
services are reflected in the remaining amount of a farmer’s income.

The results of a sensitivity analysis using “ecosystem services” as
target variables were shown in Figure 6. Visually, the length of the orange
bar corresponding to each sensitivity variable in the graph is a measure
of the influence of that variable on the target variable. The larger the
value of the mutual information, the more sensitive the influence variable
is to the target variable. We found that the most sensitive target node for
“ecosystem services” is the value of services provided by esthetic
landscapes in recreation culture, with a mutual entropy value of 0.41

Family size
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FIGURE 4
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FIGURE 6
Ecosystem service node sensitivity analysis
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(Figure 6), which is sensitive to climate, gas, hydrological regulation, and
biodiversity, and it is fairly simple to explain the sensitivity of these
variables. The main direct driver of ecosystem change is subsistence
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The second is the value of the services provided by food production
in provisioning services (Figure 6). Farmers’ livelihood activities are
closely related to ESs, and when ESs change, farmers’ livelihoods will
be affected. The sources of farmers’ livelihood activities include forest
income (consumption of forest products, etc.), crop income (food
production, etc.), livestock income (pasture to provide food for
livestock), and other incomes, which benefit from harvesting ES
products (mainly provisioning services). Changes in crop cultivation,
quantity of forest products and grassland degradation in dry and rainy
seasons will affect the income of farmers from forest and other ESs. The
ESs of raw material production and food production have a positive
impact on forest income, and have a smaller impact on overall farmer’s
livelihood. When the value of food production increases, farmers receive
more products from the environment, resulting in an increase in
income. In an explicit relationship, the area of forest, cultivated land,
grassland and water area owned by farmers and the degree of utilization
of ecosystems jointly determine the contribution of ESs to the farmer’s
livelihood. Among natural capital types, the area of arable land and the
area of forestland have a greater impact on the contribution of ESs. In
particular, food production, raw material production and water supply
have a significant role.

3.2.2. Implicit relationship analysis

The results of a sensitivity analysis using “livelihood outcomes” as
target variables were shown in Figure 7. We found that other incomes of
farmers are the most sensitive variable affecting livelihood outcomes,
with a mutual entropy value of 0.5, followed by crop incomes, livestock
incomes, forest incomes, climate regulation and waste disposal variables.
The indirect driving force of ES changes mainly include the use and
intervention of farmers in agriculture and forestry. Excessive
deforestation and exploitation of forests, inappropriate cultivation of
arable land, and excessive fishing of aquatic products cause ecosystems
to self-regulate out of control, and these ecosystems will be degraded
daily. For farming households, 61.1% of them have ESs-related income.
Especially for rural households in poverty, poverty increases dependence
on ecosystem-related products and services, forcing them to exploit
more ecological resources, thus creating a vicious circle. In addition,
access to local raw ecosystem materials and the use of local ESs are
important drivers of farmers livelihood, and the more products
accessed, the more their households’ absolute income increases. At the
same time, farmers’ access to ES products promotes the nutrient export
from the soil, which plays an important role in soil conservation and
waste recycling.

In the indirect drivers of changes in ESs, the agricultural and
forestry livelihood activities of farming households, which affect
livelihood income and indirectly affect the use of ecosystems. We found
that when the proportion of other incomes in farmers” income is high,
the proportion of farmers whose livelihood results in a low level will
increase. In the context of climate change and urbanization, the number
of farmers engaged in mono-agricultural activities has been decreasing,
leading to an increase in abandoned land and the productivity of forests
and grasslands. These may have a positive effect on ecosystem regulating
services and supporting services. For example, it increases carbon
sequestration in soils, enhances soil formation and retention, enhances
environmental purification, and promotes nutrient cycling. At the same
time, farmers’ livelihood activities alter the heterogeneity of regional
landscape and affect biodiversity. Thus, there is an implicit impact of the
ES level on farmers’ livelihoods. In general, income related to ESs in
farmers’ livelihood is influenced by climate and land use change.
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3.3. Results of measuring the contribution of
ESs to farmers’ livelihoods

The absolute and relative incomes of different types of farmers and
different regions in Chongqing based on the questionnaire were shown
in Table 2. In terms of absolute income, the average annual household
income for Chonggqing city is 2,250.5 CNY for forest-related income,
2,740.8 CNY for crop-related income, and 2,805.6 CNY for livestock-
related income. For different farming household types, the main income
of pure farming households is obtained through livestock farming, with
an average annual absolute income of 10,297.3 CNY, followed by crop
income of 5,202.7 CNY. There is little difference between the various
ES-related incomes of part-time farming households, while nonfarming
households have a smaller share of ES-related incomes, with the lowest
being income from livestock at 820.2 CNY. There are significant
differences in farmers’ livelihoods in four functional areas of Chongqing,
with the average annual household income from livestock in the main
urban area of Chongqing being 781.9 CNY, compared to 3852.0 CNY in
the northeastern area of Chongging.

We conducted comparisons among relative incomes and found that
the percentages of forest, crop, and livestock incomes are higher for pure
farming households than for part-time farming and nonfarming
households, with a decreasing trend. The share of forest incomes in total
incomes is 16.5% for pure farming households, 11.6% for part-time
farming households, and 7.1% for nonfarming households. In addition,
the share of forest income of farmers in all four functional areas of
Chongging varies greatly. The highest dependence on forest for farmers’
livelihoods was found in the southeastern area of Chongging, where
16.3% of the average annual household income from forests and 16.6%
from crop cultivation. The lowest forest income is in the main city area
of Chonggqing, with 8.5% (Table 2).

We also found that the ESs provided by forests, croplands and
grasslands play an important role in farmers’ livelihoods. The relative
income from ESs contributed the most to pure farming households at
77.3%, and to part-time farming and nonfarming households at 36.3%
and 14.8%, respectively. The relative income ranking of each type was
consistent across the four functional areas of Chongqing, with the
southeastern areas of Chongging being the highest, followed by
northeastern area of Chongging, the western area of Chongqing, and
finally the main urban area of Chongqing. We conclude that the
contribution of ESs to farmers’ livelihoods was lowest in the main urban
area of Chonggqing at 20.0%, followed by western area of Chongqing at
25.9%, northeastern area of Chongqing at 32.6% and southeastern area
of Chonggqing at 41.3% (Table 2).

We present the composition of ESs-related forest, crop and livestock
incomes in Table 3. Wood income such as that from natural forests and
plantation forests account for a larger share of forest income for pure
farming households than the other types of farming households at
31.5% and 32.1%, respectively. In this paper, cash income from returning
farmland to forest/grass and financial income from occupations related
to forest cultivation or forest protection are also included in forest
income, and part-time farming households’ income in these two
components accounts for 21.6% of forest income, which is higher than
that for pure farming households and nonfarming households. Forest
by products such as various wild plants, mullein, resin, and rattan are
also important sources of subsistence for farming households. For
example, in Chengkou County, the survey area, there were many
sampled households earn cash income through the collection and
cultivation of wild herbal plants. The main urban area of Chonggqing has
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TABLE 2 Absolute incomes and relative incomes of different types of farmers and different regions.

Absolute income
types

Different types of farmers

Different regions

Pure Part-time Nonfarming Main Western Southeastern Northeastern
farming farming household urban area area area
household household area
Absolute Forest 1851.4 2984.1 1504.4 2154.3 3620.0 1782.6 1866.4
incomes Crop 5202.7 3593.3 1399.1 2345.7 2725.0 2989.1 2839.4
(CNY) )
Livestock 10297.3 3502.0 820.2 781.9 2300.0 1739.1 3852.0
Other 5959.5 20759.9 19250.0 18016.0 20930.0 14521.7 19445.8
Total 34108.1 41587.3 42894.7 45148.9 42240.0 39652.2 40541.5
Relative Forest 16.5% 11.6% 7.1% 8.5% 10.6% 16.3% 9.2%
incomes Crop 33.1% 14.6% 4.5% 7.9% 9.3% 16.6% 12.6%
%
o Livestock 27.7% 10.1% 3.2% 3.6% 6.0% 8.4% 10.8%
Other 22.7% 63.7% 85.2% 80.0% 74.1% 58.7% 67.4%

a high proportion of natural forest income at 43.4%, and although the
main urban area of Chongqing has a small area of forestland, the income
obtained within the unit is more than that of the remaining area.

Crop income is the main source of farmers’ livelihoods, accounting
for 33.1% of the total household income of pure farming households,
and it includes food, vegetables, fruits, oil crops and cash crops, with
vegetables accounting for the highest proportion of crop income for
pure farming households. In comparison to that of pure farming
households, the crop income of part-time farming households and
nonfarming households accounts for a higher proportion of food
production, at 38.9% and 28.6%, respectively. Grain crop income
(47.5%) was the highest in the southeastern area, and this type of income
mainly including rice, corn and bean products. The Northeast area of
Chongqing has the highest income from vegetables (26.5%) and melon
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and fruit (23.4%) crops, and the special crops are Konjac and potatoes;
livestock rearing (76.0%), including cattle, sheep, pigs and poultry, and
egg and milk products, are the dominant proportion of the income in
this area. The income from farmed fish and inland water products in the
northeastern area of Chongqing is lower than that in the main city and
the western and southeastern parts of Chongging.

Table 4 shows the RKR for ESs-related income from forests and
crops. For all the Chongqing sample data, the RKR of the ESs is 0.34. In
comparison to forest income (RKR=0.88), livestock income
(RKR =0.77) is more closely related to farmers’ livelihoods. There are
varied nuances across farming household types. In comparison to
nonfarming households, pure farming and part-time farming
households have higher ESs-related income among low-income
households, and the difference between nonfarming households’ RKR
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TABLE 3 Components of incomes related to ecosystem services.

10.3389/fevo.2023.1106167

Ecosystem Different types of farmers Different regions
isr??cl)lr%ee_zs::?;:d Pure farming Part-t_ime Nonfarming  Main urban @ Western Southeastern Northeastern
household farming household area (%) area (%) area (%) area (%)
(%) household (%) (%)
Forest 16.5 11.6 7.1 8.5 10.6 16.3 9.2
Natural forest 5.2 2.6 2.9 3.7 2.9 4.5 24
Plantation forest 5.3 4.1 1.8 1.4 1.9 5.3 3.9
Forest by-products 1.7 1.3 0.8 0.7 1.7 1.8 1.0
Forest tree breeding 2.8 2.5 0.7 1.3 2.9 3.6 1.2
and planting
Wild plants 1.5 1.1 0.9 14 12 1.1 0.7
Crop 33.1 14.6 4.5 7.9 9.3 16.6 12.6
Grain crops 9.2 57 1.3 2.0 3.3 7.9 4.2
Vegetable crops 11.1 3.0 1.1 1.8 2.0 3.1 33
Fruit crops 6.2 3.0 0.5 1.5 1.0 1.0 3.0
Oil crops 2.7 1.9 0.9 1.5 1.5 3.5 1.2
Cash crops 39 1.0 0.7 1.1 1.5 1.1 0.9
Livestock 27.7 10.1 3.2 3.6 6.0 8.4 10.8
Inland water aquatic 1.9 2.1 0.7 11 1.4 1.2 1.7
products
Farmed fish 1.6 1.5 0.7 0.8 1.8 2.0 0.9
Livestock breeding 242 6.5 1.8 1.7 2.8 5.2 8.2
Other 22.7 63.7 85.1 80.0 74.1 58.7 67.4
Work/salaried position 15.9 53.0 61.8 57.8 52.0 43.6 55.6
Business income 6.8 10.7 233 22.2 22.1 15.1 11.8

TABLE 4 Relative Kuznets ratio and absolute Kuznets ratio.

Income Pure Part-time Nonfarming Northeastern Southeastern Western Main Chongqing
type farming farming household area area area urban
household household area

RKR Forest 0.79 0.46 0.96 0.95 1.97 0.79 113 0.88
Crop 0.84 0.46 0.52 0.27 0.00 0.59 1.30 1.03
Livestock 0.88 4.04 1.35 0.95 0.13 0.76 0.00 0.77
ES-related 0.23 0.22 033 0.34 0.38 0.36 117 0.34

AKR Forest 118 1.16 1.00 1.00 0.82 0.98 0.80 0.89
Crop 115 1.16 1.10 1.48 0.00 1.03 0.32 0.88
Livestock 0.97 0.80 0.96 1.00 1.55 1.01 0.00 091
ES-related 1.21 1.05 1.01 1.27 113 1.00 0.28 0.90
Total 118 115 115 1.07 115 1.07 115 115

RKR, Relative Kuznets Ratio; AKR, Absolute Kuznets Ratio; ES, Ecosystem services.

and the remaining farming households is not significant. Livestock
income, on the other hand, causes more income disparity among
farming households, with a more pronounced gap between RKR of 4.04
for part-time farming and RKR of 1.35 nonfarming households with
higher incomes.

For the four functional areas, we observed less variation in the RKR
of ESs in each region. In the southeast area, the RKR values of forest,
crop, and livestock differed more than those from the remaining regions,
probably due to the small sample data size and significant disparity
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among the households in the southeastern area of Chongqing, making
the RKR of 1.97 for forest being large. In the main urban area of
Chongging, the share of ESs-related income is slightly higher for the
top 20% of households than for the remaining households with an RKR
of 1.17. What's more, compared to RAR, ESs-related AKR shown
different characteristics (Table 4). We found that the difference between
the ESs-related income of the richest quintile of households and the
poorest households was not significant, and the income gap was mainly
reflected in total income.
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4. Discussion

4.1. Analysis of the mechanism of the
coupling relationship between ESs and
farmers’ livelihoods

There is a clear explicit and implicit relationship between ESs and
farmers’ livelihoods (Figure 8). For ESs, rural areas have important
hydrological and ecological functions, especially provisioning services
and cultural services, which have a significant explicit impact on
different types of farming households. While the regulating services,
supporting services and cultural services have an implicit impact on
different types of farming households. For example, crops and forests
provide habitats for the biodiversity of large invertebrates, mammals and
birds. If the land is fertilized and cultivated, the nutrients in the land will
be maintained, but the harvested crops may promote the output of
nutrients. The development of agriculture will also affect soil
productivity. Agriculture can maximize the use of short-term food
supply services provided by land ecosystems, but it will reduce the ability
of wetlands to provide long-term ecosystem services. However, different
farmers depend on the ecosystem differently, resulting in the
contribution rate of ESs to farmers’ livelihood is different.

We present the results of the five regression models in Table 5. The
size of ESs-related income is more significantly affected by the health of
the household head, which is negatively correlated. This means that the
better the health of the household head, the lower the household’s
ESs-related income and the more likely they are to engage in other labor
production (working outside the home, etc.). In addition, as the head of
household gets older his or her total household income increases, but
reduces forest income. The higher the level of education of the household
head, the relatively lower the forest income and the relatively higher the
rest of the income of his or her household, while the impact on crop and
livestock income is smaller.

Each type of capital in the regression model is an indicator of
household wealth, and financial capital such as household savings and
loan status has little effect on ES income. In contrast, the quality of
arable land and forestland area, crop cultivation and ESs in natural
capital are positively correlated, and dependence on ecosystems is more
significant and has the greatest impact on farming household income
from ESs. Land is the key productive capital of farming households, and
in comparison, the area and quality of arable land have a greater impact
on the crop income and livestock income of farming households.
We found a small effect of physical capital (such as the age of house
construction area and the situation of sewage discharge) and social
capital on each income type, indicating its low correlation with ESs.

4.2. Comparative analysis of differences in
the contribution of ESs to farmers’
livelihoods

4.2.1. Contribution of ESs to the livelihoods of
different types of farming households

Access to forest products, crop harvests, and livestock demand for
grassland are all important sources of ES provision. For pure farming
households, their overall absolute household income is low, and
households are poorer. Pure farming households rely on forests
primarily for natural and planted forest income, which is relatively low.
And by engaging in forest activities, they can contribute to diversifying
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their household income sources. In communities within the forest
reserves of Ghana, 73% of the respondents rely on the forest to some
extent for their livelihoods (Derkyi et al, 2013). Pure farming
households are engaged in forest cultivation, planting and protection
more than other farm types, mainly because Chongqing city is a
mountainous city, most rural areas live by mountains and surrounding
areas, and land resources are abundant. Thus, most pure farming
households rely on forests, cultivated land and grasslands to sustain their
livelihoods. The main crops grown in this area are vegetables and grains,
and in addition to farmers’ self-sufficiency, they also obtain their
livelihood by selling their products; for example, in the surveyed town
of Xiugqji, Chengkou County, Chongqing, local farmers rely on the export
of potatoes to increase their household income. In addition, 27.7% of
livestock income, such as that from poultry and aquaculture, is also an
important source of pure farming household income, while these
households are rely on inland watershed areas to gain income by
salvaging aquatic products. In contrast, since the beginning of the
decade-long fishing ban in the Yangtze River basin area, fishermen have
shifted to the other parts of the industry, and the income from water ESs
has decreased and contributed to low farming household incomes. Part-
time farming households rely on crop income (14.6%) and livestock
income (10.1%) for a low percentage of their livelihood incomes. This is
especially true for nonfarming households. The difference between
different types of farming households is mainly related to the extent of
land use, with more access to forest, cropland, and grassland resulting
in a greater contribution of ESs to farming households.

In comparison to male-headed households, female-headed
households (approximately 11.4% of the sample size) have lower
absolute incomes in all categories and lower relative income from ESs
by 4.9%, but the relative income from forests is 3.0% higher for female-
headed households than for male-headed households, suggesting that
in comparison to crop and livestock incomes, forest income is more
attractive to female-headed households. Other studies have also shown
that female-headed households use a wider variety of forest resources,
often for subsistence, while men tend to collect higher-value forest
products (Senganimalunje et al., 2016).

The dependence on ESs-related income varies widely among income
groups. In rural households, a small proportion of farmers rely on forest
products for subsistence, and most households use forest products
(fungus/bark/resin/rattan/wild mushrooms) for their own consumption.
Products for cooking food, such as fuel wood, and consumption of wild
products highlight the importance of forest ecosystems to the livelihoods
of farming households in terms of maintaining household nutrition and
survival. Crop income is dominated by the cultivation of food crops,
with rice, soybean, and maize contributing to the income of farming
households as an economic supplement. In contrast, the staple foods and
vegetables in people’s diet are agricultural products, which are important
components of human nutritional intake. Second, analyzing the income
differences among households in Chongging, in comparison to the
highest income quintile, the lowest income quintile relies more on the
services provided by the ecosystem, but its absolute income average is
1.5 times higher than that of the lowest income quintile. That is, poorer
groups derive a much larger share of their income from ecosystems.
However, wealthy households are equally dependent on ecosystems
(Kabubo-Mariara, 2013), and their income related to ESs increases in
absolute terms as the household’s total annual income increases. Wealthy
households may have the financial and physical capital needed to
produce and market high-value products. Products such as wood,
building materials, or thatch in rural households are also important
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products provided by ecosystems, and this ecosystem resource enables
farming households to play an important role in building houses and
furniture, among others.

4.2.2. Contribution of ESs to farmers’ livelihoods in
different regions

Farmers’ access to forests, forest by-products, crops and livestock
products is also different among geographical locations. In terms of the
different regions of Chonggqing, the western area and main urban areas
of Chongqing are at a lower elevation than the southeastern and
northeastern areas of Chongqing, with a slightly flatter terrain and
relatively lower forest cover, thus reducing farmers’ consumption of
forest products. Distance to forest areas and arable land ownership are
closely related to farmers access to products and utilization of resources.
For example, in Chengkou District and County, located in the northern
part of Chonggqing, farmers live around the mountains, and poultry are
raised by enclosing locations near their households, which increases the
demand for ESs from forests and grasslands. The supply of forest
products is more accessible to households closer to forest areas than to
those far from forests (Senganimalunje et al., 2016; Bakkegaard
etal., 2017).

The average overall farming household income from forests in
Chongging about 8.4% is relatively low compared to the results that
determined in forest livelihood surveys for rural households in
developing countries (22.2%), where the share of forest income reached
20.1% and 21.4% in Asia and Africa, respectively (Angelsen et al., 2014);
this difference possibly occurs because farming households mainly
calculate their income from the direct value of forests and the source of
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their indirect income is underestimated. In contrast, income from
ESs-related products accounted for 29.1% of household income in
Chongging overall, but these data do not fully reflect the contribution
of this income source to farming household livelihoods. Farming
households do not account for intrahousehold consumption
components when determining their income from corresponding
products. Therefore, the contribution of ESs should be higher.

In this paper, 59.2% of the households surveyed in the 517 samples
have direct ESs-related product contributions to their livelihoods. In
different regional comparisons, more farming households are dependent
on agriculture for their livelihoods, and the development of agriculture
may affect the income of forestry, an aspect that can be determined by
observing at the overall combined income level, mainly for agriculture
and forestry, and more specifically in terms of land use, with a greater
ecosystem contribution.

4.3. Policy implications and limitations

This paper puts forward the following suggestions to further
optimize the relationships between ESs and famers’ livelihood. Firstly,
Chongging needs to continue its forest protection policy and broaden
the market for forest by-products to steadily increase the income of
pure farmers. Secondly, emergency policies need to be developed to
deal with extreme weather outbreaks. The stability of the climate
directly affects the ecosystem supply and farmers’ livelihoods. The
extreme weather over 40°C occurred in Chongqing in 2022, which
lasted for over 2months, had a huge impact on farming households
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TABLE 5 Regression model results for livelihood assets on ecosystem service-related income.

Regressors Forest_income Crop_income Livestock_income = Ecosystem_service_  Total_income
Income
Farm_type —0.14 —0.28 -0.37 —0.29 0.08
Labor 0.10 0.06 0.05 0.10 —0.02
Household_sex 0.05 —-0.07 —0.04 —0.05 0.00
Household_age —-0.02 0.10 0.04 0.05 0.14
Household_education —-0.02 0.05 —-0.01 0.00 0.20
Household_health —-0.10 —-0.05 —-0.09 —0.11 —0.05
Annual_income —0.14 —-0.21 —-0.07 —0.19 —0.04
Loans —0.06 —0.02 —0.03 —0.04 —0.01
Subsidies 0.08 —0.02 —0.01 0.01 0.02
Free_money —-0.06 0.05 -0.07 —-0.03 —0.04
Deposit 0.01 —-0.07 —-0.06 —0.08 0.11
Arable_land 0.02 0.10 0.11 0.15 0.16
Woodland_area 0.02 0.03 —0.12 0.01 —0.06
Cultivated_land_quality 0.20 0.04 —0.05 0.11 —0.06
Forest_land_quality —0.04 —-0.09 0.14 —0.01 —0.02
Crop_planting 0.17 —0.11 0.11 0.14 —0.07
Planting_type 0.16 —0.06 —0.12 0.06 —0.04
Housing_type 0.04 0.01 —-0.02 0.00 0.12
Housing_area —-0.05 —0.04 —-0.01 —-0.03 —0.06
Built_years 0.11 0.00 —-0.02 0.08 —-0.07
Sewage_discharge_channel 0.03 0.03 0.07 0.10 0.00
Number_relatives —-0.05 —-0.10 —0.05 —0.09 —0.01
Surrounding_relatives 0.06 0.09 0.07 0.11 —0.01
Degree_trust —0.04 0.08 —0.05 0.01 0.39
Gifts_give_in_return —0.20 —0.09 —0.08 —0.14 0.39

who rely on ESs for their livelihoods. In this context, dynamic
ecological compensation policies for forests, skills training for farmers
and some other policies. May be effective approaches to maintains the
stability of farmers’ livelihoods. Finally, it is important to develop site-
specific sustainable management policies on a reginal basis and to
implement dynamic and differentiated regional management policies
for increasing the contribution of ESs to farmers’ livelihoods in
different regions.

This paper describes the explicit and implicit relationships of
between ESs and farmers’ livelihoods by the BN model based on DPSIR
framework. Previous research has found that traditional ES valuation is
unable to combine tangible and intangible ESs (Fisher et al., 2009), and
therefore is even less able to confirm the impact of ESs on farmers’
livelihoods. With the development of machine learning, related
researches have confirmed under the DPSIR framework, various
qualitative and quantitative indicators of ESs and farmers’ livelihoods
may be coupled into one model by using BN, thus making the model
more realistic and sufficiently permeable (van Dam et al., 2013; Barton
etal,, 2016; Hofer et al., 2020). The research framework presented in this
study is generalizable to other regions as long as the driving forces,
pressures, states, influences and response factors in the study area are
identified. However, due to the impact of the COVID-19, our
questionnaire does not cover every county, and more face-to-face
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questionnaires are needed to better understand the perception of ESs on
farmers’ livelihoods. The relationship between ESs and farmers’
livelihood in Chongging under multi-scenario simulation should
be explored in future research.

5. Conclusion

This paper analyzed the DPSIR framework between ESs and
farmers’ livelihoods and proposed the implementation of a BN model
based on ESs and farmers’ livelihoods in Chongging. The main
conclusions obtained are as follows:

1. Among the explicit relationships between ESs and farmers’
livelihoods in Chongqing, esthetic landscape value services and
food production services have a direct and significant impact on
farmers’ livelihoods.

2. There is an implicit impact of the ESs on farmers’ livelihoods. The
supply of ESs required for farmers’ livelihood income is
influenced by climate and land use change.

3. ESs-related income was the most important contributor to total
annual household income for pure farming households in
Chongqing, accounting for 77.3%. While the ESs-related income
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only accounted for 36.3% and 14.8% of the total annual income
of part-time farming households and nonfarming households,
respectively.

4. The RKR of the ESs-related incomes in Chongqing was 0.34,
which means that in comparison to high-income households,
low-income households derive a much larger share of income
from ecosystems. The AKR of the total incomes in Chongqing
was 1.15, which indicated that although low-income households
are more dependent on ESs, the gap between their income from
ESs and that of wealthier households was not significant.
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