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Background: Wetland restoration is an important measure for restoring wetland
ecosystems and their ecological benefits, with the goal of restoring their
ecological functions and resources. However, wetland restoration affects
farmers’ incomes and livelihoods. Although existing research has contributed
to a deeper understanding of the relationship between wetland restoration
and farmers’ household incomes, some issues require further consideration.
Therefore, here, we aimed to analyse the impact of wetland restoration
on farmers’ incomes and provide empirical evidence for the coordination
mechanism of protection and development in the Poyang Lake Wetland in
Jiangxi Province.

Methods: Based on 2 years of balanced panel data of 365 households around
the Poyang Lake wetland, this study analysed the influence of policies related to
wetland restoration and how variables such as the cultivated land area, labour
force transfer, and location of nature reserves impact farmers’ income. To this
end, we used a two-way fixed-effect model to test the robustness by using
propensity score matching, and the influence mechanisms of wetland protection
policies, such as wetland restoration, wetland ecological compensation, and the
Yangtze River fishing ban, on farmers’ income interactions were explored.

Results and discussion: The results showed that, due to the policy of wetland
restoration was implemented a long time ago, the negative impact of the
policy on reducing farmers’ household income is not significant now. Further,
farmers’ family livelihood strategies have changed, and choosing other types
of agricultural production and off farm employment are currently the main
choices for farmers. Wetland restoration has changed their income structures.
Additionally, the two wetland restoration policies and banning of fishing have
had synergistic effects. The findings of this study are helpful in understanding
how wetland restoration around nature reserves influences farmers’ household
incomes. Further, they can provide policy insights for promoting an increase in
income and the optimization of the income structure of communities around
lake wetland nature reserves.

KEYWORDS

Poyang Lake, wetland restoration, income increase effect, two-way fixed-effect model,
interactive influence

1 Introduction

Wetlands have long supported human communities worldwide (Murray,
2023). Wetland ecosystems are closely related to production and the lives of
residents. More than one billion people rely on wetlands for their livelihoods
worldwide. However, since 1700, wetlands have disappeared rapidly, with
inland wetland loss mainly occurring in Europe, the United States, and China;
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further, the rate of decrease accelerated rapidly in the middle
of the 20th century (Fluet-Chouinard et al., 2023). Their rate
of disappearance is three times higher than that of forests, and
the degradation of wetland functions poses a major threat to
human survival and development. The United Nations Sustainable
Development Goals (2015-2030) include 17 aspects covering nearly
200 indicators, more than 70 of which are directly related to
wetlands (United Nations, 2015). Correspondingly, the Ramsar
Convention on Wetlands implemented its fourth Ramsar Strategic
Plan (2016-2024) that consists of four goals and 19 targets aimed at
enhancing wetland conservation, restoring wetlands, and ensuring
informed usage. All these directly support the UN Sustainable
Development Goals (Ramsar Convention Secretariat, 2016). The
total area of wetlands in China is ~56.35 million hectares, and
various types of wetland cover large areas.

Poyang Lake is in the middle and lower reaches of the Yangtze
River. As the largest freshwater lake in China, it is an internationally
important wetland resource. The Poyang Lake wetland plays
an important role in providing large buffer zones for flood
management in several provinces of central and eastern China,
providing water resources for agricultural production, enriching
fish diversity, mitigating climate change, and providing wildlife
habitats (Jiang et al., 2015; Shi et al., 2009; Wang et al., 2019).
Poyang Lake is one of the most important wintering habitats
for migratory waterbirds in the East Asia—Australia migratory
region, including Siberian cranes (Grus leucogeranus), White-
naped cranes (Grus vipio), and Oriental White Storks (Ciconia
boyciana) (Jia et al., 2019; Wang et al, 2019). It is the world’s
largest wintering ground for Siberian cranes, with more than
95% of their global population wintering there. Central and local
governments have established several nature reserves in the Poyang
Lake area to protect the Poyang Lake wetland ecosystem and the
wildlife dominated by migratory birds. However, the decades-long
reclamation of Poyang Lake has resulted in large-scale cultivated,
which constitutes an important part of the grain production base
and plays an important role in ensuring food security in China.
Moreover, the sharp decrease in wetland areas has caused serious
environmental impacts, such as frequent droughts and floods, loss
of wildlife habitat, and destruction of wetland ecosystems. As a
result, the ecosystem services and biodiversity of its watersheds
are greatly threatened (Deng et al., 2016), especially in the Yangtze
River Basin in 1998. It has caused great losses to people’s lives
and properties in the middle and lower reaches of the Yangtze
River and has drawn a significant amount of attention to ecological
environmental problems and economic development models,
which has preluded ecological projects, such as wetland restoration.

The purpose of wetland restoration (returning farmland to
lakes?) is to provide certain funds or goods to relevant management

1 After the severe flood disaster in 1998, the central government initiated
the “Dike Construction, Farmland Return to Lake, and Resettlement” project
(collectively known as the Farmland Return to Lake project) in the middle
reaches of the Yangtze River. Jiangxi Province contains a total of 417
embankments in the Farmland Return to Lake project, including 177
embankments involving both the relocation of residents and the return
of farmland (“double return”) and 240 embankments involving only the

relocation of residents without the return of farmland (“single return”). Among
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institutions and rural residents who endure losses through financial
transfer payments, guide and encourage farmers to withdraw from
residential areas and cultivated land formed by reclaiming land
from lakes for agricultural production, and restore these areas to
natural lakes on a large scale to achieve the goal of improving
wetland ecosystems. The original purpose of implementing the
wetland restoration project was to strongly promote the protection
of the ecological environment, improve the service capacity of
wetland ecosystems, and reduce the disaster relief burden on the
government and society in the polder area along the river or lake
area, where the middle and lower reaches of the Yangtze River
were destroyed by the 1998 flood. This is a large-scale project
designed to decrease the risk of flooding by increasing the flood
storage function of lake areas (Luguang et al., 2010). The number
of households to be relocated in Jiangxi Province accounts for
approximately half the total number of households in the four
provinces,” making it the most important ecological restoration
policy in the Poyang Lake basin. The implementation of wetland
restoration has significantly increased the scope of the Poyang
Lake wetland (Liu Y. et al,, 2017). After 1998, the resilience of
the Poyang Lake area to flooding has gradually increased. Many
major floods have occurred over the past two decades, but the
losses of lives and properties have been relatively small. Wetland
restoration not only guarantees flood control, but also adjusts the
living environment. Due to its role in the production field of rural
residents, the intensive use of cultivated land, transformation of
rural residents’ production activities and lifestyles, and ecological
and food security of the Poyang Lake area have been guaranteed.
China has formulated relevant protection, utilisation, and
restoration policies for multiple elements in wetlands, which have
become an important basis for wetland ecosystem protection. The
openness and public welfare characteristics of wetlands often lead
to the underestimation of these areas in conservation decisions.
Wetland restoration involves similar processes to those involved
in returning farmland to forest, both of which have a wide range
of contexts; however, previous research has explored this problem.
Scholars have conducted detailed research on wetland restoration
from different perspectives, mainly focusing on ecological benefit
assessments of wetlands, the number of wetlands restored, and their
spatial distributions (Lu et al., 2015; Wang et al.,, 2012; Yepsen
et al., 2014; Zhang and Song, 2014; Zhang et al., 2021), including
the benefits of the ecosystem at the city-wide scale, ecological
compensation mechanism (Chen et al., 20215 Liu et al., 2015; Sun
etal., 2016), farmers’ willingness to participate (Lu and Chen, 2021;
Wei et al., 2020; Zhu and Jiang, 2015; Zhu et al., 2015), farmers’
responses (Zhang etal., 2009, 2008), and farmers’ willingness to pay
(WTP) and willingness to accept (WTA) (Bake and Sharma, 2019;
Eskandari-Damaneh et al., 2020; Krishna et al., 2013; Nyongesa
et al, 2016; Tabi and del Saz-Salazar, 2015). The relationship
between wetland restoration and economic development has only
begun to be considered in recent years (Browne et al, 2018;
Ndebele and Forgie, 2017; Schroder et al., 2018; Yan et al,

the 240 single-return embankments, 185 were located in the Poyang Lake
area.
2 Hubei, Hunan, Jiangxi, and Anhui Provinces in the middle and lower

reaches of the Yangtze River.
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2013), and studies have found that wetland restoration in Sanjiang
Plain, China, increased the per capita GDP and degree of foreign
capital introduction, as well as promoted the rapid development
of social and ecological benefits. Most farmers believe that
wetland restoration is conducive to maintaining the ecological
environment and promoting the coordinated development of
the local economy (Liao et al, 2009; Zhang and Tong, 2018).
Researchers have investigated the reason for wetland restoration
having a positive impact on the development of farmers. Some
scholars believe that the goals of wetland restoration are not limited
to solving ecological problems. Wetland restoration directly affects
the residents’ production activities and lifestyles, thus changing
farmers’ livelihood strategies. Wetland restoration also increases
farmers’ income, promotes non-agricultural employment, and
adjusts rural production structures, which have positive impacts
(Tian et al,, 2016; Yu and Wu, 2022). By developing alternative
livelihood activities, such as pig farming, cage fish farming, and
organic vegetable cultivation, farmers’ incomes and welfare have
improved and their vulnerability has been reduced (Yu et al., 2006).
Some authors believe that this may be attributable to government
compensation funds for wetland restoration. For example, farmers
hope to receive direct cash compensation when they are affected by
the return of farmlands to wetlands (Zhang et al., 2009; Wei et al.,
2020). Farmers involved in wetland restoration in Poyang Lake
mainly choose to go out to work, do business, and develop animal
husbandry as their main alternative livelihood strategies (Zhu and
Kang, 2017).

The key to the success of wetland restoration lies in
coordinating the redistribution of interest of the participants.
However, when the economic losses of local residents have not
been properly compensated for and local residents do not fully
understand the importance of wetland restoration, the successful
implementation of the program is often challenging. Gaining
support from the public and locals is likely to improve the success
of wetland restoration more successful (Herrera et al., 2019; Wilkins
etal,, 2019); therefore, understanding whether the policy of wetland
restoration can increase the incomes of farmers’ families is crucial.
Although the household income of farmers cannot fully reflect the
impact of development, the annual income reflects the actual value
obtainable by the farmers (Cong et al., 2019). China fully achieved
poverty eradication in 2020, but poor households in rural areas have
limited ability to withstand production risks. This makes increasing
income levels a key factor in achieving poverty reduction (He et al.,
20215 Zhengxue et al,, 2019). Given the large area of the Poyang
Lake wetland and its important social, economic, and ecological
functions, it has been the focus of Chinas wetland ecosystem
restoration efforts.

Therefore, this study considered the communities around the
Poyang Lake wetland in Jiangxi Province as the research area. First,
a theoretical analysis framework for “wetland restoration-impact
mechanism-farmers’ incomes” is constructed. On this basis, the
impact of wetland restoration on farmers’ incomes was empirically
analysed using a fixed-effects model with panel data from surveys
distributed to farmers in 2018 and 2021. Robustness tests were
also conducted to mitigate the endogeneity problem in the model.
These aim to provide empirical evidence for the coordination
mechanism between conservation and development. Compared
with existing research, the contribution of this study is reflected
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in the following aspects: First, this study used the exogenous
shock of wetland restoration in the Poyang Lake Basin in 1999
as a quasi-natural experiment and constructed a two-way fixed-
effect model based on panel data to empirically test the impact on
farmers’ income. Second, this study analysed the heterogeneity of
the impact on farmers’ livelihood selection from the perspective
of income structure. Third, this study analysed the interactive
effects of multiple policies on income. The research results can
provide new ideas and useful supplements for improving wetland
protection policies around nature reserves and for coordinating the
development of community farmers.

2 Material and methods
2.1 Study area

Poyang Lake is located on the south bank of the Yangtze River,
north of Jiangxi Province (115°49'-116°46'E, 28°24'-29°46'N).
It is the largest permanent freshwater riverine lake in China.
Poyang Lake receives water resources (Wan et al., 2014) from the
Xiuhe, Fuhe, Ganjiang, Xinjiang, and Raohe Rivers (hereinafter
referred to as the “five rivers”) and other water systems, and flows
into the Yangtze River from Hukou County, Jiujiang, forming a
circular water system centred on Poyang Lake, which is seasonal.
The boundaries of the Poyang Lake Basin coincide with the
administrative boundaries of Jiangxi Province, with a drainage area
of 15.67 x 104 km?, accounting for 94.1% of Jiangxi’s land area, as
shown in Figure 1.

The Poyang Lake area in this study refers to the complete
administrative region near the core water body of Poyang Lake in
Jiangxi Province as the connexion zone between the core water
body and the five rivers. Second, the region is a complete lake-
wetland ecosystem that combines land and water, and connects
mountains, rivers, and lakes. It is an important ecological barrier
for core water bodies and an important area for the implementation
of ecological environmental protection. It is a traditional farming
area and the most prominent area for protection and development.
Therefore, this study focused on rural areas near the catchment
area with the most prominent contradiction between protection
and development in the Poyang Lake area.

2.2 Research design and data collection

This study used a questionnaire as the survey method to
obtain data from farmers in the Poyang Lake area and followed
conventional procedures for human research. Participants were
invited to complete the survey voluntarily and anonymously,
without compromising their privacy or raising ethical issues.
By referring to several studies related to rural areas in the
Poyang Lake area, consulting relevant experts in the field of
wetland ecological protection, and conducting interviews with
local farmers in Yongxiu County, Yugan County, and other
sample counties, in combination with the characteristics of natural
resources, agricultural production, wetland protection policies,
and farmers’ protection behaviours in Poyang Lake District, a
questionnaire on the relationship between wetland restoration and
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FIGURE 1
Study area.

farmers’ livelihoods was designed for the Poyang Lake area, Jiangxi
Province. Community surveys were conducted in 11 townships in
4 typical counties and districts in the Poyang Lake area.

The questionnaire designed in this study covers almost
everything related to changes in natural resources around the
community. For example, information on the head of the
household, household plantations, fisheries, and other means of
production or living, and household income. The time span was
2 years, 2018 and 2021, so the survey required the respondents
to be familiar with the basic household information and have
sufficient knowledge about planting, farming, fishery production,
and other related information. The final respondents were mostly
heads of households; therefore, the quality of the questionnaire
was ensured. After eliminating questions that did not meet the
standards, we ensured the accuracy and consistency of information
acquisition, and finally obtained a total of 1,311 valid questionnaire
samples over 2 years. Although the survey attempted to track
all sample households, there were cases of withdrawal from the
survey for various reasons, such as the relocation of the whole
village, migrant work of the head of the household, and other
factors. After the completion of the questionnaire and excluding
farmers who could not be contacted, the two surveys from 2018
and 2021 totalled 365 households and 730 samples, which were still
representative of the survey area. The empirical analysis of farmers
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in this study employed data from 365 households, as shown in
Figure 2.

2.3 Analytical framework

Existing research has contributed to a deeper understanding
of the relationship between wetland restoration and farmers’
household incomes, providing valuable information for this
study. However, there are still some issues that require further
consideration. First, although some scholars have attempted to
analyse the relationship between the exogenous impact of wetland
restoration and farmers’ income, an in-depth exploration of the
internal mechanism of the impact of wetland restoration on
farmers’ household incomes is lacking, and research conclusions
on the relationship between the two have not yet been unified.
At present, the contribution of the ecosystem to the promotion of
social development has gradually gained attention and has begun
to be incorporated into the design of relevant public policies
(Shuzhuoetal,, 2021). The implementation of ecological protection
policies has played an important role in ecosystem restoration in
the Poyang Lake area; however, these policies may not be able to
meet the ground-level practical needs of wetland protection. Can
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this compensate for the direct costs paid by farmers to protect
wetlands and promote income growth?

The return of farmland has two direct impacts on farmers:
One is the ecological impact. Since 2000, the value of ecosystem
services in the Poyang Lake Basin has continued to increase,
and the sustainability of the entire basin has developed in a
favourable direction. The richness of winter migratory birds and
benthos species has increased, and the amount of water increased
and then decreased in 2010. The annual maximum and average
water supplies have rebounded, but the minimum water supply
has continued to decline due to upstream impacts (Minkun and
Xibao, 2021; Liu H. et al, 2017). The second policy involves
farmers participating in farmland conversion projects receiving
direct food or cash compensation. The original purpose of this
policy was to compensate for the costs incurred due to losses of
farmland or changes in residence. However, because the dikes in
the policy of wetland restoration in the Poyang Lake area cannot
be compensated for by flood storage, as stipulated by the State
Council, most of the farmers surveyed have not been compensated
continuously. Farmers participating in the conversion of farmland
to wetland in Poyang Lake did not receive compensation and could
not stabilise their basic agricultural income. However, farmers
can increase their income by changing agricultural production
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types, going out to work, and other non-agricultural employment
methods (Wang and Yue, 2017), as shown in Figure 3.

The indirect impact includes three aspects. First, wetland
restoration has led to some farmers losing their farmland and being
unable to continue planting and production (Wu et al., 2013),
resulting in a shift towards other agricultural production practices,
such as pond aquaculture and natural water harvesting. Second,
owing to resource utilisation limitations and forced production and
lifestyle changes, the agricultural labour force in the vicinity of
wetlands is being transferred to non-agricultural sectors, engaging
in non-agricultural production activities, such as part-time work
and individual operations. Simultaneously, the development of
secondary and tertiary industries in the region or other areas
has attracted the agricultural labour force (Changhai et al., 2013;
Pang et al., 2021; Mohapatra et al., 2007; Wu and Jing, 2018).
Third, the local government relies on the unique landscape of large
lakes, Wucheng Ancient Town, winter migratory bird habitats, and
other ecological tourism resources to guide farmers in transferring
their surplus labour and to fund ecological tourism or other
operations. Field research has found that the local government
is actively creating ecotourism projects related to migratory birds
to encourage the rural labour force to participate in services and
obtain economic returns (Feng et al., 2021).
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Mechanisms of the impact of wetland restoration on farm household income.

In summary, although farmers have lost the opportunity to
freely adjust production factors, such as land, labour adjustments
can be made to encourage the concentration of household labour
in production sectors with comparative advantages, increase the
marginal return of production factors, and stimulate a continuous
increase in household income for farmers. Therefore, hypothesis
HI can be proposed.

e HI: Wetland restoration does not have a significant impact on
farmers’ income.

Wetland restoration directly and indirectly affects the income
of farmers, directly limiting their traditional planting and
production behaviours, and prompting them to change their
livelihood strategies. Some of the labour force has engaged in
other agricultural production activities, while others have migrated
to other areas to work. A small portion of the labour force and
capital participates in ecotourism under the guidance of the local
government. However, in the absence of reasonable compensation
funds to stabilise the basic income of farmers after returning to
their fields, it is crucial to transform their employment options and
achieve income growth through livelihood transformation for the
long-term implementation of the project. Therefore, we propose
hypothesis H2.

e H2: Wetland restoration projects positively impact the
diversity of farmer income structures.

2.4 Econometric modelling and estimation
method

2.4.1 Benchmark model

As the wetland restoration policy was implemented in 1999,
this study has no comparative data before the implementation of
the policy, and the policy participation is invariant. Therefore,
to investigate the impact of wetland restoration on the income
of farmers’ households and to further control for the possible
unobservable variables, considering that income will be affected by
regional and temporal changes, this study drew on the modelling
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ideas of existing research (Liu et al., 2020) by adding the joint effect
of the amount of time taken to control the impact of the fixed
unobservable variables and to analyse the policy effect on farmers’
households in each township over time. This study also considered
fixed effects in the robustness test. The specific income equation is
as follows:

InYis = oo + B1Xit + BoRit + uy + v + it (1)

where InYj is the logarithm of the household income of
the ith farmer in the tth year, indicating the income effect of
participating in the conversion of farmland, and Xj; is the family
characteristic variable and resource endowment that affects the
income of family i in the tth year. The family characteristic variables
include whether the family has village cadres, family population
size, labour force population, number of migrant workers, and
family resource variables, such as cultivated land area and distance
from Poyang Lake. R refers to whether a family participates in
farmland conversion. R; =1 indicates that it participated in the
conversion of farmland in the tth year and R;; =0 indicates that it
did not participate in the conversion of farmland. u, represents the
fixed effect of time, v; represents the fixed effect of township; pj; is
arandom error term.

2.4.2 Propensity score matching (PSM)

Farmers’ participation in wetland restoration around Poyang
Lake is not due to the random choice of the farmers’ family’s
willingness to participate, nor is it a random distribution made
by the relevant department in implementing policies, but a result
of the choice made by the competent department according to
ecological needs. Therefore, farmers’ participation in the return
of farmland was not an exogenous variable. Using the least-
squares method to estimate the impact of policy participation
on household income produces a self-selection bias. In addition
to policy participation, household characteristics and household
resource endowment are likely to have a more significant impact
on household income. This leads to an endogeneity problem in
estimating the impact of agricultural land conversion on household
income. That is, household participation in agricultural land
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conversion is not only related to household income and income
structure, but also to the error term.

Therefore, this study used propensity score matching (PSM)
to solve the bias caused by self-selection and a robustness test
was conducted. A counterfactual framework was constructed to
approximate and randomise the non-random data of farmers
participating in the policy of wetland restoration in the Poyang
Lake area through this method; that is, due to the lack of data, the
project was implemented earlier. In the survey, only the farmer’s
income after wetland restoration was considered; the income of
the families affected by wetland restoration could not be observed
before the land was returned, and comparative data could not be
obtained. Therefore, referring to existing research, the matching
score was used to determine whether the sample farmers were
affected by the policy of wetland restoration (Rosenbaum and
Rubin, 1983). The conditional probability fitting value of each
farmer’s participation in the wetland restoration policy was also
the propensity score (PS, SP). The advantage of the PSM method
is that, by matching the resampling method, a control group
similar to the family participating in wetland restoration can be
found in the families not participating. This method solves the
problem that wetland restoration is not random participation via
the construction of data close to randomisation and solving the
problem of biassed estimation.

Spi = P[D; = 1|1X;] = E[D; = 0Xj] (2)

where D; = 1 indicates that the sample farmers participated
in the conversion of farmland, D; = 0 indicates that the
sample farmers have not returned farmland, and X; represents
the observable characteristics of rural households and resource
endowments (control variables).

This study used two-way fixed effects to evaluate the impact
of wetland restoration on farmers’ incomes. Although this method
can eliminate some endogenous problems through the fixed effects
of township and time, the sample selection of farmers in each
village group may not have been completely random for practical
reasons; thus, selection bias was likely. Previous studies generally
chose the PSM method to calculate and deal with endogenous
problems caused by selection bias through different matching
methods. If the matching results were similar to the original
regression results, they were considered robust. Based on this,
we used the PSM method to test robustness. Based on ecological
protection research involving case studies similar to Poyang Lake
or ecological protection coupled with the reality of farmers in
typical counties in the Poyang Lake area, three common methods
were used: K-nearest-neighbour matching, kernel matching, and
radius matching in callipers. These methods can verify the effect
of wetland restoration on the household income of farmers.

2.5 Definitions of the variables

Variable y;; represents the income of farmers in the lake area.
The policy of wetland restoration deprives farmers of their most
important means of production. Therefore, we selected household
income as the core indicator to identify the impact of wetland
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restoration on farmers income. We chose annual household
income as an alternative indicator of the impact on farmers’
development as it can have a specific regulatory effect. The total
household income and per capita income represent the income of
farmers, which can represent the overall and average situations of
a family. Because changes in the means of production can have an
impact on the income structure, therefore, we have discussed the
impacts of wetland restoration on agricultural, transfer, and non-
agricultural income. Among them, (1) agricultural income includes
farmers’ planting income, fishing income, pond and livestock
breeding income, and wetland collection income; (2) transfer
income refers to the transfer income of farmers in the lake area,
such as pensions, agricultural subsidies, ecological compensation,
and other compensation for winter migrant bird accidents; and (3)
non-agricultural income refers to local or migrant income, rural
tourism, tour guides, drivers, and other ecotourism or operating
incomes. These three types of income represent the income
structure. Before the regression analysis, we added one to each of
the continuous variables to achieve natural logarithm processing
via the elimination of the heteroscedasticity of the income data and
other variables, as shown in Table 1.

The core explanatory variable R, representing whether and
when farmers participate in wetland restoration, is defined here as
the farmers who claimed to participate in wetland restoration’ in
the survey as returning farmland to households, that is, R;; =1;
once those returning farmland to households are defined, the
following years are also identified as those who returned farmland
to households, incorporating the years of 2018 and 2021.

The control variable X;; considers that, in addition to wetland
restoration, individual or family factors of farmers will have an
impact on income; thus, six characteristic variables were selected
from the household level of farmers (Zhang et al., 2008, 2009; Zhu
and Kang, 2017; Lu and Chen, 2021; Wei et al., 2020; Yu and
Wu, 2022), including family size, family labour force, number of
migrant workers, family cultivated land area, and family distance
from Poyang Lake, to control the above variables. The villages and
towns where the farmers were located and the surveys in 2018 and
2021 were used as fixed effects.

3 Results

3.1 Effect of wetland restoration on
increasing income of households

After completing the regression analysis by adding control
variables, the original management rights and ownership of
attachments to the land also changed due to the change in
farmland usage rights. Although the project of wetland restoration
in Poyang Lake area had a negative impact on family income
and per capita income, there were significant differences. After a
long period of wetland restoration without continuous subsidies,
the participating farmers lost their cultivated land resources at
home, but their incomes became relatively stable after adjusting
their livelihood strategies. Most of the surveyed farmers did
not receive compensation due to policy reasons, and those who
received compensation could not recall the exact rate. Owing to
the relatively long period of time, the compensation rate did not
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TABLE 1 Variable definition and descriptive statistics.

10.3389/fsufs.2024.1256115

Variable Variable definition and evaluation Average
value

Total household income (Yuan) Total household income after wetland restoration, Total 11.29 1.40
household income plus 1 takes the natural logarithm

Per capita household income (Yuan) Per capita household income after wetland restoration, Per capita 9.93 1.27
household income plus 1 takes the natural logarithm

Household agricultural income (Yuan) Household agricultural income after wetland restoration, 7.31 4.52
Household agricultural income plus 1 takes the natural logarithm

Household transfer Income (Yuan) Household transfer Income after wetland restoration, Household 7.47 2.71
transfer income plus 1 takes the natural logarithm

Non-agricultural household income (Yuan) Non-agricultural household income after wetland restoration, 8.25 494
Household non-agricultural income plus 1 takes the natural
logarithm

Participating in wetland restoration (R;;) Lost cultivated land due to the policy of wetland restoration, Yes 0.32 0.47
=1;No=0

Village cadres at home Yes =1; No =0 0.20 0.40

Total family population (person) Actual survey data, total household size 4.32 1.97

Labour force (person) Actual survey data, household labour force size 3.61 1.63

Number of migrant workers (person) Actual survey data, number of family members who go out to 1.72 1.37
work

Family cultivated land area (mu) Actual survey data, natural logarithm of cultivated land is 1.79 1.38
calculated by adding 1

Distance between family and Poyang Lake (m) Actual survey data, natural logarithm is calculated by adding 1 to 4.81 3.60
the distance from Poyang Lake

Township Fixed effect

Year 2018; 2021

Mu is a Chinese measurement of land area; 1 mu = 0.0667 ha. 1 Yuan =0.155 USD (in 2021).

have a significant impact on the income of the farmers. In the field
investigation, it was found that, owing to the current ecological
protection policy and the decline in the economic benefits of
traditional planting production, farmers in the lake area had no
desire to reclaim land. This shows that, although it had an impact
on farmers’ incomes, it is not currently clear, which supports H1.
Table 2 shows the joint fixed-effect regression results for the impact
of wetland restoration on the household and per capita incomes
of farmers.

In terms of the effect of control variables on farmers’ incomes
[columns (2) and (4)], the entry of village cadres into households
had a positive effect on farmers’ total and per capita incomes.
Family size, family labour force, the number of migrant workers,
and area of family arable land had significant positive impacts on
total household income. Although the impact coefficient was low,
it indicated that families with a large population may have had a
larger labour force. More people can move to other developed areas
to work, which can avoid the risk of losing traditional agricultural
income, thereby enriching the sources of household income and
improving the household income level. Similarly, the number of
migrant workers also has a positive impact on the per capita income
of the family at the 1% level.

The closer the family is to Poyang Lake, the more significant
it is in promoting the growth of the total and per capita incomes
of farmers households. Although farmers who have returned
farmland have lost part of their cultivated land resources and
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planting income, they have more water resources near Poyang
Lake than farmers close to cities and towns. Therefore, their
land can be transformed from planting practises to aquaculture
and fishing practices. With changes in the ecological environment
of Poyang Lake, local ecological tourism resources are also
increasing. Farmers in lakeside areas may have more opportunities
to participate in ecological tourism, such as migratory bird guides,
drivers, and farms, or to participate in ecological protection public
welfare positions. Opportunities, such as becoming the guardians
of nature reserves and civil public welfare associations, all help
farmers to obtain more employment opportunities in the local area.

3.2 Impact of wetland restoration on the
income structure of households

As farmers who participated in the policy of wetland restoration
have responded to the national policy of increasing the wetland area
of the Poyang Lake or decreasing the cultivated land area, they are
limited by the change in their family’s natural capital and can only
decrease long-term farming; thus, agricultural income is reduced.
Therefore, the impact of returned farmland on agricultural income
was negative. However, owing to the long implementation time
of the policy, it had no significant impact on agricultural income.
Wetland restoration had a significant positive impact on family
transfer income. The field survey revealed that, although farmers
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TABLE 2 Regression results of the impact of the wetland restoration on household income.

Variable

Annual household income

(1)

(2)

10.3389/fsufs.2024.1256115

Per capita annual income

(3)

)

Participating in wetland restoration

—0.257* (0.144)

—0.171 (0.139)

—0.157 (0.130)

—0.149 (0.138)

Village cadres at home

0.177 (0.108)

0.196* (0.104)

Total family population

0.071* (0.043)

—0.131*** (0.043)

Labour force

0.125** (0.064)

0.077 (0.062)

Number of migrant workers

0.225"** (0.043)

0.224*** (0.043)

Family cultivated land area

0.072* (0.039)

0.058 (0.038)

Distance between family and Poyang Lake

—0.057*** (0.015)

—0.056™* (0.015)

Control variable NO YES NO YES
Fixed effect of township YES YES YES YES
Year fixed effect YES YES YES YES

Constant term 11.842** (0.192)

10.672™** (0.196) 10.558™* (0.174) 10.366™** (0.197)

R? 0.167

0.337 0.146 0.209

Sample size 730

730 730 730

*

sk ok

are significance at the levels of 10%, 5%, and 1% respectively.

participating in the return of farmland did not receive special
continuous subsidies, they did receive subsidies through other
types of agricultural production. This shows that the labour force
had not completely left agricultural production, which may be the
reason for the stage of social development at that time. Farmers
are more inclined to shift from traditional farming to other forms
of agriculture instead of engaging in other types of employment.
Therefore, H2 was supported, as shown in Table 3 below.

Regarding the impact of the control variables on income
[Columns (2), (4), and (6)], the village cadres in the family
had a significant positive impact on transfer income, indicating
that higher social capital will bring more information channels
to farmers, resulting in a higher transfer income, such as
subsidies. The number of family labourers had a significant positive
impact on agricultural income at the 5% level, indicating that
more labour can engage in more agricultural production and
thus obtain more agricultural income. The number of migrant
workers significantly increased the non-agricultural income of
farmers, but simultaneously decreased the agricultural and transfer
incomes. Household cultivated land areas can significantly increase
agricultural and transfer incomes. According to field surveys,
although the yield rate of agricultural income was low, multiple
planting behaviours significantly increased agricultural income.
Therefore, a large area of cultivated land may enable farmers to
increase their planting varieties and obtain responsive subsidies,
thereby increasing their agricultural and transfer incomes.

3.3 Robustness test
3.3.1 Balancing test results of control variables

Owing to space limitations, Table 4 lists only the balance
test results of the total household income under the wetland
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restoration project using the nearest-neighbour matching (k-
nearest-neighbour matching number is 3) method. The T-test
showed that the difference between the two groups (those who
participated in the conversion of farmland and those who did not)
after matching was not statistically significant; that is, the samples
selected in this paper passed the balance test after PSM matching.

3.3.2 Treatment effect obtained by PSM method

Table 5 lists the average treatment effect (ATT) of the impact
of the project on the household income and income structure
of the farmers in the lake area using the three PSM methods.
In the calculation results of the three methods, taking kernel
matching as an example, after controlling the selection bias, the
total income of the households participating in the conversion of
farmland decreased by 0.184, which could decrease the agricultural
income by 0.264. After using the PSM method to control a
series of observable variables, the total household income, per
capita income, agricultural income, and non-agricultural income
of the participating farmers decreased, while the transfer income
increased, which is similar to the regression analysis results
calculated in Section 3.1. The policy of wetland restoration had
a negative impact on the household income of farmers and a
significant negative impact on their per capita income. In summary,
after correcting the endogenous problem, it can still be concluded
that the conversion of farmland has decreased the household
income of farmers.

3.4 Further discussion: interactive response
of policy

At present, Jiangxi Province is implementing a hybrid policy of
“command control 4+ economic incentive” for the protection of the
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TABLE 3 Impact of wetland restoration on income structure of households.

10.3389/fsufs.2024.1256115

Variable Household farm income  Household transferincome Non-agricultural household income

Participating in wetland —1.423%** —0.733 (0.474) 0.305 (0.309) 0.671** (0.296) —0.805 (0.499) —0.462 (0.454)

restoration (0.485)

Village cadres at home 0.345 (0.379) 0.380* (0.217) 0.082 (0.358)

Total family population 0.225 (0.159) 0.021 (0.094) —0.048 (0.159)

Labour force 0.387** (0.191) 0.179 (0.133) —0.008 (0.197)

Number of migrant workers —0.895*** —0.219** 2.161%** (0.148)
(0.141) (0.095)

Family cultivated land area 0.765*** 0.454*** —0.081 (0.136)
(0.130) (0.088)

Distance between family and 0.062 (0.049) —0.031 (0.030) —0.059 (0.055)

Poyang Lake

Control variable NO YES NO YES NO YES

Fixed effect of township YES YES YES YES YES YES

Year fixed effect YES YES YES YES YES YES

Constant term 9.397*** 7.977** 6.316*** 5.576™** 9.566™** (0.695) 5.581"** (0.693)

(0.717) (0.762) (0.644) (0.660)
R? 0.152 0.249 0.076 0.125 0.085 0.397
Sample size 730 730 730 730 730 730

*, %, and *** are significant at the levels of 10%, 5%, and 1% respectively.

TABLE 4 Smoothness test of control variables for wetland restoration.

Proportion of

Variables Matching Experimental Control Reduced

type group group errors proportion of

errors

Village cadres at home Before matching 0.136 0.251 —29.6 —3.47%

After matching 0.179 0.169 2.4 92.0 0.23
Total family size Before matching 4.000 4.476 —24.0 —2.85%

After matching 3.916 4.181 —13.3 44.5 —1.35
Labour force Before matching 3.542 3.585 —2.5 —0.30

After matching 3.335 3.408 —4.2 -729 —0.41
Number of migrant Before matching 1.631 1.775 —10.4 —1.26
workers

After matching 1.721 1.827 —7.4 284 —0.69
Family cultivated land Before matching 1.101 2.074 —80.2 —9.53%
area

After matching 1.451 1.306 12.0 85.0 1.30
Distance between family Before matching 3.527 5.643 —59.7 —7.29™*
and Poyang Lake

After matching 4.644 4.538 3.0 95.0 0.29

*, %%, and *** are significance at the levels of 10%, 5%, and 1% respectively.

Poyang Lake wetland. This policy has the characteristics of a strong
binding force and quick response. Driven by a series of “command
control + economic incentive” hybrid policies, it promotes the
protection and utilisation of the Poyang Lake wetland ecosystem.
In addition to the policy of wetland restoration, which is the focus
of this study, it has the most extensive impact on farmers in the lake
area; the most direct restrictions on farmers are the three policies
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of wetland ecological compensation and Yangtze River prohibition
and withdrawal. Through the strict restriction and control of
resource utilisation and according to the characteristics of resource
ownership, a certain standard of economic compensation is given
to farmers who pay protection costs to compensate for their
losses and to coordinate the contradiction between protection
and development. This study will continue to explore the specific
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TABLE 5 Effect of treatment of returned fields to lakes obtained by PSM method.

Annual
household
income

Statistics

Matching method

Per capita
annual
income

Household
transfer
income

Household
farm
income

Non-agricultural
household
income

K nearest neighbour matching ATT —0.217 (0.227)

in calliper

—0.390"** (0.149)

—0.264 (0.528) 0.742** (0.327) —0.693 (0.768)

Nuclear matching ATT —0.184(0.202)

—0.338"* (0.125)

—0.408 (0.434) 0.717%* (0.268) —0.841 (0.714)

Radius matching ATT —0.188 (0.202)

—0.335"* (0.124)

—0.394 (0.433) 0.704** (0.267) —0.846 (0.712)

*,**, and *** are significant at the levels of 10%, 5%, and 1% respectively.

1.64<[t|<1.96, indicating significance at 10% significance level; 1.96<|t|<2.58, indicating significance at 5% significance level; |t|>2.58, indicating significance at 1% significance level.

impact of the interaction between wetland restoration and other
wetland protection policies on farmers’ most important income
sources. The early implementation of the policy of wetland
restoration and ecological compensation (engineering) has had a
continuous impact on farmers. Therefore, only 365 farmers in 2021
were selected for statistical analysis. As shown in Table 6, most
farmers did not participate in the three policies, and no farmers
affected by all three policies were investigated.

These three policies are in three stages of long-term
implementation, being widely implemented and just implemented,
and their effects on farmers are also different. Due to the small
number of farmers who participated in both wetland restoration
+ ecological compensation and ecological compensation -+
prohibition of capture, further analysis could not be conducted.
This is consistent with the actual situation. The cultivated land of
those who participated in wetland restoration was expropriated,
thus changing the livelihood strategy based on planting to choose
fishery production or other production methods. Fishery-based
farmers are also less involved in planting production, so there
are fewer samples for compensation. From a methodological
perspective, the interaction effect of these three policies should be
reflected in the unified model, which does not meet the calculation
needs due to the realities of survey data collection. Therefore,
only two cases—wetland restoration and wetland restoration + the
prohibition of capture—were selected for discussion.

The propensity distribution method was used based on data
from 365 households in 2021, which is only briefly explained
here. According to the research characteristics and previous
related research, k-nearest neighbour matching, kernel matching,
and radius matching were performed to analyse the impact of
wetland protection policies on farmers’ incomes and the interaction
between policies. The income effect of the protection policy is
expressed by the total household income, per capita income, and
income structure. In addition, due to data limitations, only three
ecological protection policies were distinguished here, and other
protection and development policies, such as food subsidies, were
not distinguished individually.

The income effect of community participation in the Poyang
Lake Wetland Protection Policy is shown in Table 7. First,
wetland restoration had a significant negative impact on the
household income of farmers, resulting in significant changes in the
development of livelihood strategies; thus, income was significantly
reduced. Second, from the perspective of income structure, wetland
restoration reduced farmers agricultural incomes. Compared
with the non-participation group, the farmers in the policy
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participation group lost their cultivated land and thus lost
their agricultural income. Third, the transfer income of farmers
who participated in land withdrawal and capture simultaneously
increased significantly, i.e., their household income did not
decrease in 2021. Previous analysis revealed that, in recent years,
farmers in the lake area have diversified their livelihoods, choosing
to work outside as an important alternative livelihood strategy.
Therefore, the income of the policy participation group improved
and the two policies had a synergistic effect. When the two policies
act on the community simultaneously, the income level of the
community can be better improved through compensation and
changes in livelihood strategies. However, direct compensation
covers only 1 year, and more forms of diversified compensation
and alternative livelihoods are needed to maintain the effect of
increasing income.

Compared with the previous analysis of the impact of a single
policy, the impact of wetland restoration on participating farmers
remains significant, and the impact of the loss of cultivated land on
traditional agriculture in the lake area is also significant. Farmers
in lake areas regard fishing as an important source of income.
Some farmers are professional fishermen with government-issued
fishing licenses, while some fishermen do not have fishing licenses,
but still make a living from fisheries. Therefore, fishermen with
government-issued fishing licences were compensated for their loss
of income compared to farmers without fishing licenses, and this
one-off compensation made up for the loss of 1 year’s income.

4 Discussion

Based on balanced panel data of 365 farmer households in 2018
and 2021, this study considered the Poyang Lake Wetland in Jiangxi
Province as the research area and wetland restoration as a quasi-
natural experiment. From the perspective of implementing wetland
restoration policies, this study examined the impact of wetland
restoration on farmers’ incomes and non-agricultural employment.
This study draws the following conclusions: Firstly, when only
a single policy is considered, due to the long implementation
period, the negative impact of wetland restoration policy on
farmers’ household income is no longer significant, the conclusion
that still holds after the robustness test of the parallel trend
assumption. Second, this study further confirms the impact of
wetland restoration on farmers’ livelihood strategy choices, as
wetland restoration is not subsidised and therefore does not have a
direct income enhancing effect. Despite the fact that cultivated land
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TABLE 6 Wetland conservation policy engagement.

Participated in only one type

Wetland
restoration

Ecological Fishing Wetland
compensation banin the
Yangtze

River

Participate in both

restoration +
ecological
compensation

10.3389/fsufs.2024.1256115

None of them
participated

Wetland
restoration
+fishing ban in
the Yangtze
River

Ecological
compensation
+ fishing ban

in the
Yangtze River

TABLE 7 Income effect treatment effects of wetland conservation policies.

Outcome Matching NEHN S Total

method

variable

income

Non-
agricultural
income

Transfer
income

Per capita
income

Agricultural
income

Wetland restoration K-nearest- ATT —0.774* —0.665* —2.052* 0.846 (0.673) —1.900* (1.129)
neighbour (0.431) (0.379) (1.127)
matching
Kernel matching ATT —0.797* —0.685* —1.820 (1.156) 0.820 (0.612) —1.933 (1.184)
(0.426) (0.380)
Radius matching ATT —0.771* —0.658* —1.838* 0.804 (0.615) —1.840 (1.190)
(0.428) (0.381) (1.162)
Wetland restoration + K-nearest- ATT 0.441 (0.503) 0.318 (0.440) 0.206 (2.090) 4.550*** 0.853 (1.834)
fishing ban in the neighbour (1.548)
Yangtze River matching
Kernel matching ATT 0.322 (0.588) 0.256 (0.533) 0.262 (2.041) 4.570** 1.240 (2.343)
(1.146)
Radius matching ATT 0.486 (0.617) 0.354 (0.585) 0.325 (2.220) 4,533+ 0.626 (2.390)
(1.357)

*, ™%, and *** are significant at the levels of 10%, 5%, and 1% respectively.

is an important means of production for farmers, after adjusting
livelihood strategies, traditional cultivation is no longer the main
source of household income, and farmers’ household income can
be increased by fishing and working outside the home, which
reduces some of the income loss due to wetland restoration.
This is one of the reasons why the negative impact of wetland
restoration on farmers incomes is no longer significant. However,
the implementation of the 10-year fishing ban in the priority
waters of the Yangtze River basin has prompted farmers to look
for alternative livelihoods. Farmers who received the fishing ban
compensation offset some of the income loss, but the relief was
not sustainable.

There is still room for improvement in wetland restoration,
and the topic of ecological effects is beyond the scope of this
study. In terms of the effect of control variables on farmers’
incomes [columns (2) and (4)], the entry of village cadres into
households has a positive effect on farmers™ total and per capita
incomes. The effect on per capita income is significant at the 10%
level. This indicates that the indirect income from social capital
can mitigate the direct income loss from retiring farmland, to a
certain extent. Second, if the farmland is returned to woodland
or grassland instead of wetland, the nature of the land, right
to use, right to manage, and ownership of the attachments are
different. The original land and natural boundaries no longer
exist. In addition to the purpose of ecological restoration, farmers
have lost their right to use land, right to manage land, and
ownership of attachments. Farmers may lose their right to obtain
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income from the land. Farmers cannot properly develop other
agricultural products to increase income and maintain livelihoods
while considering ecological restoration. Third, in the future, the
lake area will implement the wetland restoration project again,
returning farmland to forest and grassland, and provide farmers
with corresponding compensation. In areas with rich wetland
resources, relying on good ecological advantages, exploring the
mechanism by which the value of ecological products can be
realised, and promoting the coordinated development of ecological
protection and the regional economy are all feasible; on the other
hand, in urban areas and areas where industry and commerce
can be developed, attention should be paid to further developing
industry and commerce, absorbing the agricultural labour force
withdrawn due to wetland restoration and the Yangtze River fishing
ban, increasing farmers incomes, and promoting the balanced
development of urban and rural areas in the region.

Finally, the limitations of this study are as follows. First,
although this study uses 2-year survey data from farmers to
construct a model to solve the above problems, it is difficult to
carry out parallel trend tests for short-term data. The level of bias
of the model estimation results is still debatable, and they cannot
fully reveal the long-term dynamic effect of wetland restoration
on the specific production behaviour of farmers. Therefore, a
method to solve the above endogenous problems is worth further
consideration. It is necessary to use long-term panel data at the
farmer level over a larger range to verify the main conclusions
of this study. Second, the results of this study only preliminarily
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discuss the overall effect of wetland restoration in the Poyang Lake
area, and the effect of policy interactions on farmers’ household
incomes needs to be further explored.
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