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Abstract: Farmers’ livelihoods and their impacts on the ecosystem are important indicators of human-land rela-
tionships. Appropriate livelihood strategies for farmers can meet the needs of human well-being and promote the
sustainable use of natural resources, thereby maintaining the health and stability of natural ecosystems. Scholars
have carried out a great deal of research on the changes in farmers’ livelihoods, as well as the driving mechanisms
and ecological effects, but there are still many controversial issues about the ecological effects of farmers’ livelihood
transformation. On the basis of collecting and sorting out the relevant literature, this paper analyzes the previous
research results on the transformation mechanism and ecological effects of farmers’ livelihoods, and further ex-
plores the coupling relationship. Through the analysis and summary, we find that the choice of farmers’ livelihoods
is affected by natural factors, subjective willingness and social policies. The transformation of farmers’ livelihood
changes the ways of production, consumption and resource utilization, which in turn profoundly affects the evolu-
tionary process of the natural ecosystems. This paper establishes a research framework for the livelihood trans-
formation mechanism of farmers and its ecological effect, and finally summarizes two directions that need to be
studied further in the future: (1) Exploring the interactions between the driving factors of farmers’ livelihood trans-
formation; and (2) Exploring a win-win sustainable mechanism for farmers’ livelihood needs and natural resource
utilization.

Key words: farmers’ livelihood transformation; transformation characteristics; driving mechanism; ecological
effect

1 Introduction efficiency of that usage has a profound impact on the eco-
logical environment (Zhang and Zhao, 2015). Against the
background of the continuous improvement of market con-
ditions, the implementation of regulatory policies, and the

development of urbanization, the types of employment and

A livelihood strategy determines the way that human activi-
ties act on the natural environment, thus driving the direc-
tion of the evolution of human-land systems (Wang et al.,
2012; Fu, 2018). In the natural and socio-economic systems,

the interrelationship between human livelihoods and eco-
systems is one of the core scientific issues of sustainable
development today (Wang et al., 2019).

Farmers are one of the most basic socio-economic units
and behavioral decision-makers, and they are the most basic
actors of sustainable behavior in rural areas. Thus, their
livelihood behavior determines the use of resources, and the
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production methods of farmers in China have undergone
significant changes. According to the data from the “2020
China Household Survey Yearbook”, the proportion of wage
income in the income of rural residents in China is generally
on the rise, accounting for 41.1% in 2019. At the same time,
the proportion of operating income is generally declining,
accounting for 36.0% in 2019. In addition, among the oper-
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ating incomes of the primary industries, the incomes of ag-
riculture and forestry generally showed an overall down-
ward trend, while the incomes of animal husbandry and
fishery showed an upward trend. In summary, the transfor-
mation of farmers’ livelihood has become the most promi-
nent economic and social phenomenon in the rural areas of
China (Hao et al.,, 2013). The relationship between the
transformation of farmers’ livelihood and the evolution of
regional ecosystems is an important entry point for under-
standing the relationship between man and land in the new
era, which has become an important basis for ecosystem
management.

Farmers’ livelihoods and their impact on the ecological
environment have become hot topics in academic research
(Bhandari, 2013; Komarek et al., 2014). When farmers are
highly dependent on local natural resources for their liveli-
hood, they will reclaim land or overgraze, leading to eco-
logical problems such as soil erosion, grassland degradation
and land desertification. When the sources of income and
livelihoods are diversified, farmers’ dependence on land
resources decreases, which in turn promotes natural vegeta-
tion restoration and “forest transformation” (Wang et al.,
2011; Li et al., 2016). In addition, as farmers’ livelihoods
and sources of income change, their production and con-
sumption behaviors will change, as does the way they oc-
cupy and use natural resources (Cheng et al., 2015). How-
ever, there are complex intercoordinations and dynamics in
the impact of farmers’ livelihood transformation, and the
results of the impact also have many uncertainties. Clarify-
ing the impact of farmers’ livelihood transformation on the
ecosystem can provide an important basis for formulating
and implementing ecological protection policies. By sum-
marizing the existing research on these issues, this paper
refines and establishes the research framework for the study
of the ecological effects of farmers’ livelihood transfor-
mation, clarifies the key scientific issues and links involved,
analyzes the research progress from the two aspects of
farmers’ livelihood transformation mechanisms and ecolog-
ical effects, and finally proposes the key directions of future
research.

2 Research framework of farmers’ livelihood
transformation and its ecological effects

There are many factors involved in the transformation of
farmers’ livelihood, and different viewpoints have been put
forward in domestic and foreign studies. It is generally be-
lieved that the transformation of farmers’ livelihood is the
result of the combined effect of farmers’ subjective willing-
ness and objective promotion, the most direct driving force
is the income of farmers, and the willingness of the farmers
themselves is also affected by both natural and social capital
(Jiao and Guo, 2020). The choice of farmers’ livelihood
strategies depends on the amount of livelihood capital and
the expected value of the benefits. Farmers with more capi-

tal have more options, and the pursuit of income will di-
rectly drive farmers to seek more reasonable livelihood
strategies. Human activities such as urbanization, rural
transformation and the implementation of some major eco-
logical projects have restricted farmers’ use of agricultural
resources, resulting in a decrease in the stock of natural cap-
ital such as cultivated land owned by farmers, and thus
causing farmers in the original areas to change their land use
strategies and seek alternative sources of income (Cui et al.,
2018; Qian, 2020). In addition, harsh natural conditions
such as climate change and disasters will lead to the decline
or loss of land productivity. In order to survive, farmers
have to change their livelihood strategies by engaging in
non-agricultural work to achieve a higher income. Positive
factors such as ecological compensation and ecological
poverty alleviation will increase farmers’ willingness to
change their livelihoods, while negative factors such as nat-
ural disasters will make farmers passively adjust their live-
lihoods. Farmers with large amounts of natural capital and
physical capital stock tend to choose pure agricultural live-
lihood strategies, while farmers with more financial capital,
social capital and human capital tend to choose combined
agricultural-part-time, part-time and non-agricultural liveli-
hood strategies (Wang and Fang, 2021). Farmers’ agricul-
tural activities are essentially a process of using natural re-
sources, so as farmers change their livelihood strategies, the
way they use natural resources also changes. Therefore,
shifts in the livelihood strategies affect how natural re-
sources are used, which in turn affects regional ecosystem
structure and function (Li et al., 2021).

In this paper, the Chinese literature on the transformation
of farmers’ livelihood was found using CNKI, and the rele-
vant literature on the transformation of farmers’ livelihood
abroad was obtained through the Sci-direct, Web of Science
and Springer Link databases. The query keywords included
farmers’ livelihoods, farmers’ livelihood transformation,
livelihood transformation, and the ecological effects of
farmers’ livelihood transformation. According to the publi-
cation time and correlation, the available Chinese literature
and English literature were determined. The data and cita-
tion sources of the articles also include relevant government
annual reports. According to the framework of the article
regarding the characteristics of farmers’ livelihoods, the
driving mechanisms of farmers’ livelihood transformation,
livelihood transformation and land use, livelihood transfor-
mation and natural resource utilization, and livelihood
transformation and ecosystem changes, this paper uses the
method of combining summary analysis and comparative
analysis to comprehensively organize and analyze the liter-
ature content, and finally the literature and information from
the data obtained are analyzed and summarized.

The ecological effect of farmers’ livelihood transfor-
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mation involves two important propositions of the transfor-
mation mechanisms and ecological effects, “driving factors,
livelihood transformation, natural resource utilization and
ecosystem evolution” constitutes a complete chain of re-
search, and the coupling relationships and interactions be-
tween these four components constitute the key scientific
issues to be resolved in the study of the ecological effects of
farmers’ livelihood transformation. The coupling relation-
ships between the driving factors and farmers’ livelihood
transformation are mainly reflected in the research on the
farmers’ livelihood transformation mechanism, and the pre-
vious studies mainly describe the characteristics and driving
factors of farmers’ livelihoods in different regions and dif-
ferent periods. The coupling relationships among the trans-
formation of farmers’ livelihood, the utilization of natural

resources and the evolution of ecosystems are mainly re-
flected in the studies on the ecological effects of farmers’
livelihoods, and the existing studies mainly focus on the
impacts of livelihood transformation on regional natural
resource utilization, production and consumption patterns,
land cover changes and ecosystem evolution. Based on the
driving factors of farmers’ livelihoods, livelihood transfor-
mation, natural resource utilization and ecosystem evolution,
there are also trade-offs, synergies, positive and negative
feedbacks and other interactions. Previous studies have fo-
cused on the changes in farmers’ livelihoods and the re-
sponses of family income and the ecological environment
under the implementation of ecological policies, but there is
a lack of in-depth analysis of its microscopic mechanism

(Fig. 1).
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Fig. 1

3 Transformation mechanism of farmers’
livelihood
3.1 The main features of the transformation of
farmers’ livelihood
Research on farmers’ livelihoods has gone through a process
of qualitative description, taxonomic research and quantita-

tive description. Studies have found that the transformation
of farmers’ livelihood is in line with the family life cycle
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Framework of the basic scientific problems of farmers’ livelihood transformation

theory, showing different livelihood characteristics accord-
ing to the stages of young families, middle-aged families
and elderly families (Barbieri et al., 2005). Domestic and
foreign scholars have conducted a large number of studies
on the classification of farmers’ livelihood types, but the
bases and criteria for classification show great differences
between studies (Cheng et al., 2015; Wu, 2015; Wang et al.,
2016). In addition to considering the two aspects of
non-agricultural employment and agriculture, some scholars
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have considered the actual situation of farmers’ employment,
studied the planting industry and breeding industry sepa-
rately, and made a more detailed classification of farmers’
livelihood in the farming-pastoral ecotone (Meng et al.,
2013; Dao, 2014; Yang and Xu, 2016). By summarizing the
relevant research results, we found that the main character-
istics of farmers’ livelihood strategies are related to regional
differences, the diversity of means and needs, and differ-
ences in the conditions of the farmers themselves (Viswa-
nathan and Shivakoti, 2008; Biswas and Mallick, 2021;
Hernandez- Nuifiez et al., 2022).

Farmers’ livelihood choices are closely related to the lev-
el of regional economic and social development (Su and Yin,
2020). Studies have found that in poor and underdeveloped
regions, farmers’ livelihood transitions are more intense and
the livelihood types are more diversified. Livelihood
changes are relatively stable in relatively developed regions,
and the livelihood types tend to be more business-oriented
(Chen et al., 2017; Zhang and Wang, 2020). Farmers in the
eastern, central and western regions of China are more in-
clined to choose the livelihood strategies of labor-oriented,
partial agriculture-oriented and part-time agriculture-oriented
than those in the northeastern region. Compared with the
plain areas, the hilly areas show a significantly reduced
probability of farmers choosing the livelihood strategies of
migrant-led or part-time farming. In addition, the higher the
level of infrastructure, the more likely it is that farmers will
choose the agricultural-part-life strategy (Geng et al., 2021).

In addition to the results on the transformation of farm-
ers’ livelihood, the diversification of livelihood means and
needs cannot be ignored. Farmers’ livelihood means can be
divided into two types, namely pure agricultural livelihood
and non-agricultural livelihood. Pure agricultural livelihood
means that the income of farmers is mainly based on agri-
cultural production, including planting, breeding, etc.
Non-agricultural  livelihoods include non-agricultural
self-management, migrant workers, etc. (Wang and Wu,
2014). It is worth noting that agricultural production is
changing from human production in the traditional sense to
mechanized production, and the methods are diversified. It
is no longer limited to traditional food production, and the
planting area of cash crops has tended to increase. Wang et
al. found that the overall adjustment direction of in the live-
lihood model of ethnic minority farmers in poor mountain-
ous areas is “grain crop production - partial grain crop pro-
duction - partial economic crop production - pure economic
crop production” (Wang and Wu, 2014). With the develop-
ment of more agricultural production technology options
and the implementation of ecological protection policies,
farmers’ livelihoods will show higher diversity (Diao et al.,
2019; Asfaw et al., 2021; Ayana et al., 2021).

In terms of farmers’ subjective willingness, low-investm-
ent and high-income means of livelihood are often sought
after by the majority of farmers (Higgins et al., 2021;

Sunam et al., 2021). Farmers always prefer low-cost and
high-income means of livelihood. According to the diversity
of livelihood activities, Wang et al. divided farmers into four
types: enterprising type, professional type, potential type
and survival type. Each type of farmer has different needs
for livelihood. Enterprising farmers have more energy to
engage in a variety of livelihood activities, and their income
structure is more average. Professional farmers are mainly
engaged in business production, such as vegetable planting,
animal husbandry, slaughtering and the sale of livelihood
activities. Potential farmers have a higher level of diversifi-
cation although their livelihood assets are low. Survival
farmers are the group with the lowest livelihood assets in
the village, and their index of livelihood diversification is
slightly higher than that of professional farmers (Wang and
Fang, 2021). This study found that the diversity of farmers’
livelihood can improve the diversity of income, but it has no
direct correlation with high income. Therefore, while meet-
ing the diversification of farmers’ livelihoods, figuring out
how to improve the income source of farmers is an im-
portant proposition for the transformation of farmers’ live-
lihood. In addition, under the dual pattern of rural revitaliza-
tion and ecological civilization construction, the pursuit of
ecological environment-friendly livelihoods is also an im-
portant part of the farmers’ needs (Yang et al., 2019).

The transformation of farmers’ livelihood has the charac-
teristics of being endogenous and exogenous. Its manifesta-
tion and content are closely related to the farmers’ family
conditions, regional development level, livelihood diversity
and subjective will. On the basis of existing research, ex-
ploring the profound relationships between farmers’ liveli-
hood transformation characteristics and driving factors will
be an important part of future research.

3.2 Driving mechanisms for the transformation of
farmers’ livelihood

With the continuous improvement of China’s urbanization
development and the agricultural product market environ-
ment, farmers are no longer limited to self-sufficiency, and a
large number of rural laborers have migrated to the cities.
The traditional agricultural production methods have un-
dergone significant changes (Hao et al.,, 2013; He et al.,
2013; Meng et al., 2013; Tang, 2015).

The choice of farmers’ livelihood is the result of the
combination of internal and external factors. When the ben-
efits obtained are greater than the livelihood capital or do
not meet expectations, farmers will adjust their livelihood
strategies according to their own situation, and change the
means of livelihood to meet their needs (Murungweni et al.,
2014; Mumuni and Oladele, 2016; Snyder et al., 2020). The
internal factors that affect the livelihood choices are closely
related to the natural and social capital owned by the farm-
ers themselves and their expectations for life. The external
factors are derived from the changes in natural conditions
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and the implementation of social policies. At the same time,
internal factors and external factors will also affect each
other, and jointly determine the livelihood choices of farm-
ers (Stringer et al., 2020; Campbell, 2021; Quandt, 2021).
Through household surveys and socio-economic data analy-
sis, Wei (2019) and He (2015) found that tourism impact
research based on the perspective of sustainable livelihoods
was of great significance for exploring the improvement of
farmers’ livelihoods, reducing the vulnerability of farmers’
livelihoods and promoting the sustainable development of
rural tourism destination human-land systems. Ge (2014)
found that the return of farmland in the poverty-stricken
areas around Beijing had a significant promoting effect on
farmers’ livelihood transformation through the investigation
of farmers’ livelihoods and land use in the region, and there
was a coupling process of mutual influence between return-
ing farmland and farmers’ livelihood transformation. By
studying the selection of livelihood patterns by the migrant
farmers in loess hilly area, Li (2016) found that in order to
improve their living conditions and achieve their own sur-
vival and development goals, farmers will inevitably spon-
taneously choose the livelihood model that maximizes their
benefits. Combined with the analysis of relevant research
results, the causes of farmers’ livelihood changes can be
divided into positive factors and negative factors. Positive
conditions such as ecological compensation and ecological
poverty alleviation can improve farmers’ income, in which
case the farmers will take the initiative to choose the appro-
priate means of livelihood. Negative conditions such as nat-
ural disasters and land degradation will lead farmers to pas-
sively make livelihood changes. In summary, the internal
factors affecting the transformation of farmers mainly come
from the subjective willingness of farmers, including the
level of livelihood income and the purpose of livelihood,
while the external factors include natural factors such as
land resources, climate conditions, ecological compensation,
ecological restoration and social policies (Makate et al.,
2016; Binam et al., 2017; Mabon et al., 2021).

Livelihood capital is an important concept regarding
farmers’ livelihood transformation. Some scholars and re-
search institutions consider subsistence capital to be both
tangible and intangible assets on which livelihood strategies
are formed, including human capital, natural capital, physi-
cal capital, financial capital and social capital (He et al.,
2013; Antwi-Agyei et al., 2014; Hishe et al., 2019; Persson
et al., 2021). Livelihood capital determines the choice of the
farmers’ livelihood mode and possible action strategies, so
the accurate quantification of farmers’ livelihood capital can
discriminate the future development trends of farmers from
the source (Yan et al., 2010), which also provides a new

perspective for the quantitative study of farmers’ livelihoods.

The driving factors of farmers’ livelihood choices can be
summarized as interest demand driven, natural condition
driven, and social policy driven. Human capital, natural
capital, social capital, financial capital, ideas and other live-

lihood capital determine the optimal balance between pure
agricultural livelihood and non-agricultural livelihood (Jo-
seph et al., 2013; Manlosa et al., 2019; Eadie et al., 2020).
Identifying the driving factors of farmers’ livelihood chang-
es is the basis of constructing the livelihood transformation
mechanism. The problem of farmers’ livelihood transfor-
mation requires multi-level research in sociology, econom-
ics, ecology and other disciplines (Ranam and Moniruz-
zaman, 2021).

The livelihood characteristics of farmers include regional
differences, diversity of means, needs, and differences in the
farmers’ own conditions (Kubitza et al., 2018; Fadairo et al.,
2020). The mechanisms of livelihood transformation can be
considered from both macro and micro perspectives. The
macro-mechanism includes internal factors and external
factors. Internal factors include farmers’ natural, social cap-
ital stock and expectations for life, while external factors
mainly refer to the changes in natural conditions and the
implementation of social policies. The micro-mechanism
believes that the driving force of livelihood transformation
comes from the livelihood capital, and livelihood capital
includes human capital, natural capital, material capital,
financial capital and social capital. Overall, the factors
driving farmers’ livelihood choices can be summarized as
interest demand driven, natural condition driven and social
policy driven (Dendir and Simane, 2019; Naudiyal et al.,
2019; Deng et al., 2020; Escarcha et al., 2020; Bacon et al.,
2021) (Table 1). Farmers’ livelihood transformation has the
characteristics of being endogenous and exogenous, and its
manifestations and contents are closely related to farmers’
family conditions, regional development level, livelihood
diversity and subjective willingness. Based on the existing
research, exploring the profound relationships between the
characteristics of farmers’ livelihood transformations and
driving factors will be an important part of future research.
In addition, the choice of farmers’ livelihoods is affected by
subjective and objective factors and other multi-level factors.
The existing research has studied the classification of the
factors affecting the transformation of farmers’ livelihood
from different angles. However, there is still a lack of suita-
ble research methods, specific micro-mechanisms and ap-
plication examples. Therefore, in the future, it will be nec-
essary to strengthen the construction of research on the
mechanisms and methods of farmers’ livelihood transfor-
mation, and strengthen the research on the characteristics of
farmers’ livelihoods and the mechanisms and relationships
of livelihood transformation.

4 Ecological effect of farmers’ livelihood
transformation

4.1 The impact of livelihood transformation on
farmers’ land use

The abandonment of land from agricultural production is the
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Table 1

Summary of farmers’ livelihood characteristics and transformation mechanisms

Content

Connotation

Livelihood characteristics Diversity: Farmers, expectations and needs, livelihood types...; Differences: Economic society, geographical space...

Livelihood types

Macro factors

Pure agriculture, partial agriculture, concurrent agriculture (business, service...), non-agricultural type...
Farmers: Subjective willingness, family cycle...; Natural factors: Climate change, natural disasters...; Social policy: Returning

farmland to forest, ecological compensation, ecological migration...

Natural capital: Land multifunctionality, land productivity, water resources, climate conditions...

Physical capital: Storage facilities, agricultural machinery facilities, irrigation infrastructure, transport facilities...

Micro factors

Human capital: Technical training, education, innovative thinking, working population...

Social capital: Relations with neighbors, labor networks, bank connections, traffic convenience...

Financial capital: Agricultural income, non-agricultural income, access to bank credit, investment ratio...

Index: Livelihood diversity index, livelihood vulnerability index, livelihood change index...

Evaluation

Methods: Data survey of farmers, multivariate analysis of variance, cluster analysis, fuzzy comprehensive evaluation method...

Indicators: Transformation costs, farmer income, farmer well-being, sustainability...

Research significance
the rural economy...

Ensuring food security and ecological security, maintaining livelihood sustainability, improving farmers’ well-being, developing

most intuitive manifestation of the decline in farmers’ de-
pendence on natural resources (Castella et al., 2013; Oes-
treicher et al., 2014). With the diversification of farmers’
livelihoods and income diversification, the role of agricul-
tural production in the increases in a farmers’ income de-
clines. Under labor constraints, farmers will reduce the scale
of land operations and tend to abandon all or part of their
land (Li et al., 2014b; Hao et al., 2015b; Shao et al., 2015;
Yang et al., 2016; Li et al., 2017a). The abandonment of
land from agricultural production means the transformation
of artificial ecosystems to natural ecosystems, which facili-
tates ecosystem restoration (Yan et al., 2016; Zhang et al.,
2016; Li et al., 2017b; Zhao et al., 2017). However, some
studies have found that abandoning land management does
not necessarily promote ecological restoration. Some soil
and water conservation measures adopted in traditional ag-
riculture (such as terraces) can protect the slope from deg-
radation (Temudo et al., 2014; Zhang et al., 2019). When
farmers abandon or extensively use the land, they neglect
the construction and management of infrastructure, resulting
in land degradation and soil erosion (Koulouri et al., 2007).
Non-agricultural workers' associations reduce farmers’ in-
vestment in land conservation and land improvement, which
are not conducive to ecosystem restoration (Morera and
Gladwin, 2006). Other studies have suggested that while
abandoning poor-quality land, farmers concentrate their
labor and capital on better-quality land, which on the one
hand will better utilize land productivity, but on the other
hand, it also facilitates vegetation restoration on the poor-
er-quality land (Hao et al., 2015a; Hao et al., 2017). Wang et
al. believed that the change in farmers’ livelihoods resulted
in the contraction of the winter wheat planting area in Hebei
Plain, saving a great deal of irrigation water resources
(Wang et al., 2013; Wang et al., 2018).

Existing studies have shown that land reclamation does
not necessarily promote land ecological restoration. On the

contrary, the rational use of land is conducive to soil and
water conservation and ecosystem stability. However, the
existing studies only focus on the results of land use under
the transformation of farmers’ livelihood, but there is a lack
of horizontal and vertical comparative studies, and the spa-
tio-temporal scale effect of land use change is rarely taken
into account (Oumer et al., 2013). Therefore, future research
should focus on combing the impacts of livelihood transfor-
mation on the way farmers use land under different temporal,
spatial and geographical conditions (Méndez-Lemus et al.,
2017).

4.2 The impact of livelihood transition on farmers’
consumption patterns

As the most important economic activity subject and the
most basic decision-making unit in rural areas, the produc-
tion and consumption strategies adopted by farmers deter-
mine the use of natural resources and utilization efficiency,
as well as the intervention methods and intensity of the
ecological environment. For example, farmers are no longer
engaged in agricultural production after fully participating
in non-farm employment, while the consumer products are
mainly from the market. By comparison, the impacts of
such farmers on local ecosystems and natural resources will
be reduced (Li, 2008b; Hou et al., 2015; Zhao et al., 2016).
He et al. (2016b) found that non-agricultural employment
can significantly reduce the per capita fuelwood consump-
tion of farmers by reducing the proportion of the agricultur-
al labor force and increasing the level of non-agricultural
wages. Non-agricultural employment and agricultural spe-
cialization constitute the main driving force of fuelwood
substitution (Wang and Yang, 2012; Duan et al., 2016).
Some scholars have introduced the ecological footprint the-
ory and evaluation method into their evaluations of the im-
pacts of farmers’ consumption on the ecosystem. For exam-
ple, Jia et al. (2016) found that the per capita ecological
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footprint of farmers decreased after immigration, indicating
that the pressure on resources and the environment from the
farmers’ livelihood activities had decreased. With the con-
tinuous improvement of market conditions, farmers’ pro-
duction is no longer limited to their own consumption de-
mand, and farmers’ production and consumption have be-
come two completely different decision-making processes.
Therefore, in the context of livelihood transformation, it is
necessary to coordinate these two processes of production
and consumption as a whole to measure the impact of farm-
ers on the ecological environment (Mohammed et al., 2020).
The transformation of farmers’ livelihood will change
their consumption structure and level, which in turn will
have either a favorable or negative impact on the natural
ecological system. Normally, pure agricultural production
causes greater damage to the ecosystem than non-agricul-
tural production. However, driven by the market, assessing
the impact of farmers on the ecological environment needs
to fully consider the direct role of farmers’ production and
living activities, and distinguish between the overlapping
effects of different livelihood types (Cramb et al., 2009).

4.3 The impact of farmers’ livelihood transition on
ecosystem evolution

The transformation of farmers’ livelihood changes the
structure and function of regional ecosystems through the
combined effects of production and consumption, resulting
in uncertain evolutionary directions of the ecosystems
(Zhang and Zhao, 2015; Fu et al., 2018). Farmers’ produc-
tion and operation activities directly affect the land, and
eventually manifest as vegetation changes throughout the
region. The production behavior dominated by reclaiming
wasteland and expanding the scale of aquaculture, as well as
the energy consumption behavior dominated by salary, ma-
terials and straw are the main factors contributing to eco-
logical degradation in ecologically fragile areas (Jia et al.,
2016). Human activities (e.g., labor transfer, land use, eco-
logical protection policies) may have had greater impacts on
vegetation and ecosystem services than climate factors in
recent periods (Lu et al., 2015; Li et al., 2016; Tong et al.,
2016). Li et al. (2015) and Li and Tan (2018) suggested that
population and agricultural labor migration had a significant
role in promoting vegetation cover. Li (2008a) summarized
the effects of grazing, grazing prohibition and farmland rec-
lamation on the service functions of grassland ecosystems
from five aspects: primary material production function,
carbon sink function, windbreak and sand fixation, material
cycle and biodiversity maintenance. Since the Reform and
Opening up, a large amount of rural labor and the popula-
tion in China have been transferred to cities, and the phe-
nomenon of non-agriculturalization of the farmers’ liveli-
hood has been prominent. Livelihood de-farming has con-
tributed to ecosystem recovery and “forest transformation”
by reducing famine and deforestation by farmers, and re-

ducing damage to the land cover (Li and Zhao, 2011; He
et al., 2016a). Studies have also found that the land use pat-
terns of farmers and herdsmen have led to a shift in land-
scape patterns and boundaries in agro-pastoral ecotones (Liu
et al, 2011). Therefore, scholars generally believe that
changing farmers’ livelihoods, promoting livelihood diver-
sification and non-agriculturalization are effective ways to
achieve sustainable ecosystem management (Wang and Yang,
2011; Cheng et al., 2015; Fouladbash and Currie, 2015).

Different livelihood types have varying impacts on the
ecosystem by changing the production and consumption
patterns of farmers. However, most of the existing studies
consider the ecological effects from the results of livelihood
transformation, and there is a lack of micro-mechanism and
scenario simulation research. In the future, the economic
effects, spatial analysis and model simulation can be com-
bined to explore the impact of livelihood transformation on
ecosystem evolution (Gutiérrez Rodriguez et al., 2016; Yuan
et al., 2017; Shao et al., 2018).

At present, for the vast majority of domestic and foreign
farmers, the transformation direction is from pure farming
to non-agricultural, and the way of livelihood is being
gradually diversified, from traditional farming to diversified.
With the gradual transformation of farmers’ livelihood, their
consumption and production methods for energy, commodi-
ties, food and other necessities are also changing. Farmers’
demand for daily necessities and other products tends to be
refined and processed, and production methods are no long-
er limited to traditional natural conditions and human labor,
but are now more dependent on the improvement of quanti-
ty and quality brought about by modern science and tech-
nology. The changes in the farmers’ consumption mode and
production mode further cause changes in natural resource
utilization and the ecosystem, which produces an ecosystem
effect. The effect of farmers’ livelihood transformation on
ecosystems is also affected by regional natural conditions,
social and ecological policies and other factors. The final
result may be either improvement or deterioration, and its
nature is either reversible or irreversible with great uncer-
tainty. At the same time, it will also feedback on the sus-
tainable use of natural resources by human beings. There-
fore, it is of great significance to evaluate the comprehen-
sive effects of the ecological environment and natural re-
sources caused by farmers’ livelihood transformation on
farmers’ livelihood, natural resources utilization and eco-
logical environmental sustainability. The ecological effects
of farmers’ livelihood transformation can be analyzed from
the aspects of the farmers, landscape and regional scale.
Researchers can use the land multifunctional index, land-
scape multifunctionality, biodiversity index and other relat-
ed index methods to characterize the direction and trend of
ecosystem changes in a certain farmers’ livelihood trans-
formation area (Guo et al., 2014; Fang et al., 2020; Defe and
Matsa, 2021) (Table 2).
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Table 2 Summary of ecological effects of farmers’ livelihood transformation

Content

Connotation

Changes in consumption

patterns by-products into deep processing products

Changes in mode of
production

Changes in natural resource
utilization

Ecosystem changes

Final ecological effect

Evaluation methods

Energy: Firewood into electricity; Commodities: Primary products into secondary products; Food: Agricultural

Land use: Intensification, specialization, diversification or abandonment, desertification...;

Application of science and technology: Making full use of pesticide and fertilizer technology, large-scale mechanization
technology and transgenic agricultural technology

Impact on the utilization of regional water resources, land resources, animal resources and plant resources. ..

Improving, maintaining or reducing the multi-functionality, resistance and resilience of the ecosystem
Sustainable or extensive use of natural resources; Improvement or destruction of the ecological environment

Farmer scale: Land multifunctional index, land use/land cover change index...; Landscape scale: Landscape mul-

ti-functionality, landscape fragmentation...; Regional scale: Vegetation coverage, biodiversity index...

5 Discussion and prospects
5.1 Discussion

Farmers’ livelihood is an important means for farmers to
make a living. Under the combined effect of internal and
external factors, farmers will change their existing liveli-
hood types according to the income level of agricultural
production, and then change the farmers’ livelihood. Farm-
ers’ agricultural production activities are the main and direct
driving factors for the structural and functional changes of
natural ecosystems. On this basis, the transformation of
livelihood strategies will inevitably lead to corresponding
changes in the production and consumption patterns, and
ultimately lead to the evolution of ecosystems in the direc-
tion of adaptation or degradation. The main scientific prob-
lems of farmers’ livelihood transformation and ecological
effects include the driving factors, transformation mecha-
nisms, resource utilization and ecosystem changes, which
have feedback and coupling effects (Mumuni and Oladele,
2016; Shuklar et al., 2019; Mohammeed et al., 2020)
(Fig. 2). At present, the research methods on farmers’ live-
lihood diversification, livelihood transformation and eco-
logical effects of transformation mainly include question-
naire surveys and regression analysis, which can accurately
identify the direct and indirect driving factors of farmers’
livelihood changes, but research on the micro-mechanisms
of farmers’ livelihood transformation and the coupling rela-
tionships with ecosystem changes is still lacking. In the
process of farmers’ transformation, socio-economic changes,
as well as changes in the use of natural resources and the
farmers’ consumption patterns usually occur. Among these
changes, there are key driving factors for livelihood trans-
formation, which are also the results of livelihood transfor-
mation and have dramatic interactions. Therefore, one focus
of future research will be to clarify the man-land relation-
ship under the transformation of farmers from the coupling
mechanism of social policy-farmer itself-ecological process,
which will make this research complex, dynamic and un-
certain. Future research can comprehensively consider the

driving factors and ecological effects of farmers’ livelihood
transformation from the perspectives of landscape ecology
and ecological economics, explore their coupling relation-
ships, and analyze the internal and mutual trade-offs or syn-
ergies of factors such as farmers’ livelihood capital, family
structure and social policy. To clarify the interactions among
driving factors, livelihood transformation, natural resource
utilization and ecosystem change, it is urgent to carry out
systematic and comprehensive research and put forward
appropriate quantitative, simulation and prediction models
and a general framework system, which can provide a suffi-
cient scientific basis for formulating agricultural and rural
policies and guiding farmers in choosing the type of liveli-
hood utilization that maximizes their own income and eco-
logical environmental benefits (Li et al., 2014a; Fadairo et al.,
2020; Bonye et al., 2021).

5.2 Prospects

The transformation mechanism of farmers involves the cu-
mulative effect of natural capital, human capital, social cap-
ital and financial capital (Wang and Fang, 2021), the evolu-
tionary effect of the ecological environment (Zhao, 2017),
and the promotion effect of the policy system (Cui et al.,
2018; Qian, 2020). From these three aspects, we can sum-
marize the three basic lines of livelihood transformation as
follows: the transformation mechanism based on the main
conditions of farmers, the transformation mechanism based
on the characteristics of land change, and the transformation
mechanism driven by the policy system. The active trans-
formation of farmers is usually carried out in pursuit of
higher income. Land transfer is accompanied by the trans-
formation of pure agricultural livelihoods to part-time-agr-
icultural and non-agricultural livelihoods. Policy system
promotion mainly occurs in remote and underdeveloped
poor areas. Constructing a complete mechanism for farmers’
livelihood transformation can integrate farmers’ willingness,
livelihood capital and objective driving force, which will
help to provide a comprehensive understanding of the rural
social economy and the ecological environment. How the
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Key scientific issues and the coupling relationship between farmers’ livelihood
transformation and ecological effects
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Key scientific issues:

Establishing a micro-coupling research mechanism of driving factors, livelihood
transformation, resource utilization and ecological effects

Future research hotspots:

the utilization of natural resources

1. Exploring the interaction between the driving factors of farmers’ livelihood
transformation and how they affect farmers’ choice of livelihood.
2. Exploring a win-win and sustainable mechanism for farmers’ livelihood requires and

Fig. 2 Key scientific issues and their coupling relationships between the livelihood transformation of farmers and ecological

effects

livelihood capital affects the willingness of farmers, how to
formulate policies for guiding farmers to carry out the cor-
rect livelihood transformation, and how to realize the rea-
sonable coupling between the evolution of the natural eco-
logical system and the choice of livelihood are the key
problems in the establishment of the transformation mecha-
nism. The ultimate goals of studying the livelihood trans-
formation mechanism of farmers are to integrate the key
factors affecting the livelihood transformation of farmers,
initially establish the livelihood transformation mechanism,
and realize the bidirectional sustainability of farmers’ live-
lihood and natural resource utilization.

The relationship between farmers’ livelihood transfor-
mation and regional ecosystem evolution is a hot topic in
current academic research, which will also provide an im-
portant basis for regional ecosystem management and eco-
logical protection policy. Limited by the quantification and
spatialization of farmers’ livelihoods, most studies have
carried out large-scale studies and preliminarily revealed the
role of livelihood transformation in ecosystem evolution,
but the mechanism and process of its impact require further
study. Future research on the mechanism of farmers’ trans-
formation and its ecological effects can focus on the main
line of “farmers’ livelihood, production and consumption,
land use and vegetation change” from the two micro scales
of farmers and plots. Farmers’ livelihood types with planting,
breeding and non-agricultural employment as the main
means of livelihood, and livelihood capital composition and

changes will become the focus of future research. In the
future, the main research route will focus on calculating the
degree of farmers’ occupation of natural resources from the
two aspects of production and consumption, exploring the
microscopic mechanism of regional vegetation change,
breaking through the coupling mechanism and key links
between farmers’ livelihood strategies, resource utilization
methods and vegetation restoration, comprehensively ex-
plaining the role and mechanism of farmers’ livelihood
transformation on regional ecosystem change, and putting
forward policy suggestions for the “win-win” of ecosystem
protection and the sustainable livelihood of farmers.

6 Conclusions

Farmers’ livelihood has inherent characteristics and devel-
opment laws, and its transformation is a complex dynamic
process, which is affected by many factors. Different so-
cio-economic and geographical conditions create different
types of farmers and livelihoods, which provides the innate
conditions and important characteristics of farmers to
choose their livelihoods. Farmers’ livelihood transformation
is the process by which farmers make choices for different
livelihood types. The mechanism that affects the deci-
sion-making process can be considered from both macro
and micro levels. The macro level includes internal factors
and external factors. Farmers’ subjective willingness to
pursue income is the starting point of livelihood transfor-
mation. The natural condition base and social policy drive
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are important external conditions for farmers to carry out
livelihood transformation. The micro-mechanism of farm-
ers’ livelihood transformation can be explained by liveli-
hood capital, which includes natural capital, physical capital,
human capital and social capital. The proportions of differ-
ent types of livelihood capital owned by farmers and their
interactions ultimately affect the farmers’ choice of liveli-
hood. The impact of livelihood transformation on ecosys-
tems is affected by changes in farmers’ consumption pat-
terns and production modes. After the changes in the farm-
ers’ consumption mode and production mode, the first
change is the structure and degree of the use of natural re-
sources such as salary, water resources and land resources,
which leads to either the sustainable use of natural resources
or destructive overexploitation, which then affects the mul-
tifunctionality, resistance and resilience of the ecosystem,
and ultimately makes the ecological environment either bet-
ter or worse.

The general direction of farmers’ livelihood transfor-
mation is from a pure agricultural type to a non-agricultural
type. In the process of transformation, there are many ways
for farmers to maintain their livelihood, such as tourism,
work and business. Whether the relationship between farm-
ers and livelihoods is good or not can be evaluated by the
livelihood diversity index, livelihood vulnerability index
and livelihood change index. Farmer survey analysis, cluster
analysis and multivariate analysis of variance can be used to
analyze the causes and results. The connotation of indicators
can make full use of land productivity, land transfer degree,
market demand, value expectation, farmers’ innovation abil-
ity, farmers’ transformation cost, etc. The ecological effects
caused by farmers’ livelihood transformation can be evalu-
ated from the farmers’ own scale, landscape scale or region-
al scale. On the scale of farmers, we mainly focus on land
use change, using the land multifunctional index and land
use / land cover change index to evaluate it. At the land-
scape scale, we mainly focus on the multi-functionality and
the integrity of the landscape, which can be evaluated by
landscape multifunctionality and the landscape fragmenta-
tion index. At the regional level, we mainly focus on the
impact of the transformation of farmers’ livelihood on veg-
etation coverage and biodiversity, which can be character-
ized by the vegetation coverage and biodiversity index.

The transformation of farmers’ livelihooditsitsits is relat-
ed to food security, ecological security and livelihood sus-
tainability. Appropriate livelihoods can significantly im-
prove the farmers’ well-being, protect biodiversity and real-
ize rural economic development. The characteristics, trans-
formation mechanisms and ecological effects of a farmers’
livelihood jointly constitute a complete organic chain re-
garding the farmers’ livelihood choices. Studies on the
mechanisms of farmers’ transformation and their ecological
effects have important reference significance for guiding
ecological protection and rural revitalization.
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