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This paper aims to explore the impact of multiple cropping on farmers’ welfare

level and provide the theoretical and empirical basis for solving relative poverty

in rural areas in the future. The paper uses data from the field survey of

1,120 farmers in Hubei in 2018 and uses the Endogenous Transformation

Regression Model (ESR) and generalized propensity score matching (GPSM)

model to construct a counterfactual framework. The paper analyses the effect

of multiple cropping on farmers’ relative poverty and examines its mechanism.

The result shows that: Multiple cropping of farmland can reduce the relative

poverty of farmers through the mechanism of yield improvement path and

factor intensification path. Under the counterfactual hypothesis, the relative

poverty of farmers would increase by 28.43% if the farmers who participated

in the multiple cropping did not; and that the relative poverty of the farmers

would decrease by 29.57% if the farmers who did not participate in the

multiple cropping participated. From the perspective of multiple cropping, the

poverty reduction effect of multiple cropping in paddy fields is higher than

that of dry land. From the perspective of the degree of multiple cropping,

the poverty reduction effects of paddy fields and dryland will experience an

increasing return to scale as the multiple cropping index increases. When the

household equivalent scale adjustment coefficient is not used to eliminate the

impact of family population structure on the “family per capita comparable

income,” the artificially high results estimated by the model cannot truly

reflect the poverty-reducing effect of multi-cropping of farmland. This paper

argues that the government can guide farmers to choose the suitable mode

of multiple cropping to reduce farmers’ vulnerability to relative poverty.
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Introduction

Eliminating poverty is a common mission, and China has
achieved a world-renowned miracle in solving the problem of
rural poverty. In 2020, China achieved the strategic goal of
building a moderately prosperous society in an all-round way,
with all rural poor people lifted out of poverty. However, this
does not mean that China will not experience poverty after
2020 (Tan and Tan, 2021). In 2019, China’s per capita GDP
was already in the ranks of upper-middle-income countries, but
its current poverty standard is far below the moderate poverty
line of $3.2 set by the World Bank for lower-middle-income
countries. This means that China’s recent poverty reduction
achievements will be greatly reduced if measured by the high-
income poverty standard. Even though China has done a lot
in solving absolute poverty, the problem of relative poverty
still exists (Fan and Zou, 2021). The problem of relative
poverty in China is a prominent, deep-seated contradiction
that restricts the development of poverty-stricken areas, and
poverty occurs from time to time (Su et al., 2021). Therefore,
poverty reduction in China still faces many challenges. The
task of poverty reduction in China remains daunting, and it
is increasingly difficult to reduce poverty through traditional
anti-poverty measures. With the decline of land’s social
security and income-increasing functions, farmers’ investment
time and labor on land continues to decrease, leading to a
serious decline in land utilization or even abandonment. The
problem of farmland supply has become a major constraint
for promoting industrial poverty alleviation smoothly. The
resulting “non-agriculturalization” and “agriculturalization” are
bound to affect the achievement of agricultural modernization.
Has rural land really become a shackle that hinders the
development of farmers? What kind of role should farmlands
play in relative rural poverty management? Answering the
above questions scientifically has significant implications for
formulating farmland policies and the future governance of
relative poverty.

Literature review

Farmland has always been the material basis for farmers
to survive and develop, and plays a basic social security role
for farmers. The use of farmland directly affects farmers’
income and poverty (Cai et al., 2019). At present, researchers
mainly focus on the impact of farmland consolidation and
farmland transfer on poverty (Yan et al., 2019; Zhang et al.,
2020, 2022; Wang et al., 2021). Generally speaking, the
fragmentation and over-cultivation of farmland will lead to
the loss of agricultural production efficiency, accompanied by
the phenomenon of spatial aggregation of poverty (Strier, 2019;
Aruna et al., 2020; Liu et al., 2020). Farmland consolidation

can improve farmland quality and agricultural production
environment through farmland reclamation and farmland
development (Chen et al., 2019), thereby increasing farmers’
natural capital and household income and alleviating farmers’
poverty. However, the differentiated goals of different farmland
remediation models will lead to different poverty reduction
effects (Liu et al., 2017), and the public-private partnership
(PPP) model has a better poverty reduction effect than the
government-led model (Wang et al., 2019). The transfer of
farmland will affect the poverty of farmers (Zhang and Sun,
2018), improve the scale operation of farmers and promote
poverty reduction through economies of scale (Wu and Lin,
2018). However, the transfer of too much farmland will increase
farmers’ investment, resulting in increased investment risks and
poverty incidence for farmers (Peng and Zhang, 2015; Wang
et al., 2021). Farmers who have transferred their farmland will
have more time and energy to increase their income and reduce
their poverty through various concurrent business activities (Cai
and Xia, 2019; Mihai, 2020; Zhang and Meng, 2021).

Multi-cropping is also an important aspect of measuring
farmland use, but there are currently few studies on the relative
poverty of farmers and more on the impact of multi-cropping
on agricultural production (Battisti et al., 2020; Guo et al.,
2021; Shi et al., 2021). From the perspective of farmland
systems, scientifically improving the multiple cropping index of
farmlands and excavating the potential for intensive utilization
of farmland is one of the important ways to increase agricultural
production and farmers’ income (Tang et al., 2010, 2015; Wu
et al., 2014). The research on the multiple cropping index of
farmland has become a frontier and hot research direction in
the fields of geography, ecology and agronomy. On the one
hand, under the condition that the total amount of farmland
remains unchanged, the multi-cropping model can efficiently
utilize the existing farmland resources in time and space, thereby
increasing the planting area and increasing agricultural yield
(Liu, 1997; Xu and Liu, 2014). For example, systems with
multiple harvests of the same crop are denser in some Asian
rice-based systems, while others are more diversified (Xu and
Liu, 2014; Liu et al., 2015), with different types of crops growing
together or sequentially and interacting. Higher diversity is
expected to increase the sustainability of crop production (Yan
et al., 2005; Wu et al., 2007; Li and Li, 2012; Huang and Sun,
2017), pest regulation (Liu, 2002; Zuo et al., 2009; Erb et al.,
2013), resistance to climate events (Fan and Wu, 2004; Rogstad
and Pelikan, 2013), and reduce fertilizer use in associations with
legumes. All of these can also increase production or profitability
in the short or long term (Asfaw et al., 2012; Sheridan et al.,
2017; Zeng et al., 2020). In cropping systems with a wide
variety of crops, multiple crops also allow for the spread and
diversification of risk to suit different growing seasons and
different crops for personal use or the markets (Rana et al.,
2007; Timo and Anni, 2013; Michalscheck et al., 2018). Studies
have shown that China’s multi-cropping accounts for 50% of
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the total farmland, its sown area accounts for about 2/3 of
the total sown area, and the crop yield accounts for about
3/4 of the total output (Wang et al., 2022; Yin et al., 2022).
Improving the multiple cropping index is one of the important
factors for the continuous increase of agricultural production,
and has played an important role in ensuring stable agricultural
production and reducing poverty (Zhang et al., 2019; Mustafin
and Kantarbayeva, 2021; Sun et al., 2021).

On the other hand, multiple cropping patterns and
their changes have an important impact on the geophysical
and geochemical cycle processes of terrestrial ecosystems,
driving regional ecological environment changes (Byela et al.,
2021; Xiang et al., 2022). Multi-cropping of different crop
combinations will increase the stability of farmland planting
systems and improve nutrient recycling and reuse (Amin et al.,
2016; Augustine et al., 2018). However, the excessive use of
pesticides, fertilizers, and production facilities will lead to
soil pollution and reduced water quality, thereby increasing
greenhouse gas emissions and destroying the ecological
environment of the region (Huang and Sun, 2017). In addition,
planting second or third season crops may increase the risk of
crop failure (Yang et al., 2010) and drive up production costs (Shi
et al., 1998; Zhang, 2000), thereby detrimental to agricultural
production and poverty reduction.

The efficiency of farmland use will affect the production
efficiency of agriculture. Very low agricultural production
efficiency will make agriculture fall into a vicious circle of
“low comparative income–low agricultural enthusiasm–low
farmland utilization rate–increased poverty of farmers.” (Zhang,
2000; Mthethwa and Wale, 2020; Tang and Cai, 2020; Wang
et al., 2021). The key to breaking the vicious cycle of involution
in agricultural production is to improve the utilization rate
of farmland by farmers. The manner, degree, and intensity of
farmland use are all ways to improve the utilization rate of
farmlands. The first can be attributed to the question of “what
to plant” on farmlands, and the latter two can be attributed
to the question of “how to plant” on farmland. Due to the
production conditions of farmlands, planting policy guidance,
and planting habits, farmers will not change the planting
structure of farmlands in the short term. This means that the
utilization rate of farmlands will not be affected by “what to
plant” in the short term. The degree of farmland use generally
refers to the degree of multiple cropping of farmlands, and
the intensity of farmland use generally refers to the input of
agricultural production factors such as labor, time, chemical
fertilizers, and pesticides. The increase in the degree of multiple
cropping is usually accompanied by an increase in agricultural
production factors. As such, the core of the problem of “how to
plant” is the index of multiple cropping of farmlands, which is
also one of the effective ways to improve the utilization rate of
farmlands and increase the comparative income of agriculture
in the short term. Therefore, multiple cropping should alleviate
poverty to a certain extent.

In recent years, the comparative efficiency of China’s
agriculture has been low, and the enthusiasm of small-scale
farmers in farming has also declined (Xu and Liu, 2014; Xiang
et al., 2019). The multiple cropping index of high-productivity
high-quality farmland in many plains in China is declining (Li
and Li, 2012; Xiang et al., 2019). Coupled with crop rotation
and fallowing in some areas, this has resulted in a decrease in
the actual sown area (Zuo et al., 2009; Yang et al., 2010), which
to some extent offsets the positive effect of the increase in yield
(Shi et al., 1998; Huang and Sun, 2017). Therefore, it is of great
scientific value and practical significance to rethink the multi-
cropping of farmland to improve the utilization rate of farmland
and reduce poverty given that the extensional expansion of
farmland is difficult to meet and the increase of grain yield per
unit is more difficult.

Materials and methods

Introduction to the study area

Hubei Province is located in the south-central part of
China, and its terrain is an incomplete basin surrounded by
mountains on the east, west and north sides and a low and
flat middle. Mountainous areas in Hubei Province account for
56%, hills account for 24%, and plain lake areas account for
20%. Most of Hubei Province has a humid subtropical monsoon
climate, and the geographical distribution of precipitation shows
a decreasing trend from south to north. The main crops in
Hubei Province are rice, cotton, rapeseed and soybeans. In 2021,
the added value of the primary industry will be 466.167 billion
yuan, and the per capita disposable income of rural residents
will reach 18,931 yuan. Hubei Province is facing a critical
period of transition from traditional agriculture to modern
agriculture. Multiple cropping of farmland can improve the level
of land use and welfare of farmers. Therefore, it is of great
significance to explore the poverty reduction effect of multiple
cropping of farmland.

Sample and data source

We use the data from the field survey data of households
in Hubei Province in 2018. The survey covered basic
information on household population, natural and physical
assets, production and operation conditions, land transfer
behavior, farmers’ policy cognition, etc. The research site was
in the Jianli and Qichun counties of Hubei Province, involving
a total of 44 villages in 11 towns. Twenty-six households were
investigated in each village, and a total of 1,144 households
were investigated. Twenty-four invalid questionnaires were
removed, and a total of 1,120 valid samples were obtained. In
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addition, the farmers in this paper are small farmers with a
small operating area.

Definition of variables

Relative poverty
There is currently no fixed method for measuring the

relative poverty of rural households. The per capita income of
the family has always been the conventional method to measure
poverty, but the per capita income does not consider the family
structure. If only the per capita income is used to measure,
it may lead to the problem of “false poverty.” At present,
the mainstream method for measuring relative poverty in the
world is 50% of the median per capita income stipulated by
the Organization for Economic Co-operation and Development
(OECD) (Parodi and Sciulli, 2012; Zhang et al., 2021). This
method solves the problem of differences in family structure
through the “family equivalent size adjustment coefficient” and
then accurately measures the level of family welfare. In addition,
due to the long-term and unobservable nature of poverty, this
paper does not directly use the per capita income adjusted by the
equivalent scale to measure relative poverty. Rather, it calculates
the poverty vulnerability of farmers based on per capita income.
Poverty vulnerability indicates the probability of farmers falling
into poverty or inability to get out of poverty in the future, which
is more instructive for future poverty reduction work.

Multiple cropping behavior of farmlands
Multiple cropping is one of the effective ways to

improve land intensification, but the difference in farmland
conditions will affect the potential farmland’s willingness
to engage in multiple cropping. There is more than
one type of farmland in our survey, and this paper
includes all kinds of farmland, including paddy fields and
dryland. This paper focuses on the intention and degree
of multiple cropping to investigate the multiple cropping
behavior of different types of farmland. The following six
variables were used to measure; whether the farmland
was engaged in multiple cropping, whether the paddy
field had multiple cropping, whether the dryland had
multiple cropping, the farmland multiple cropping index,
the paddy field multiple cropping index, and the dryland
multiple cropping index.

Control variables
In this paper, variables affecting household wealth and

farming are selected as control variables. Table 1 is the
calculation method and descriptive statistics of the variables.
The control variables are selected as follows:

• Hours of work per capita. Higher migrant income is more
likely to reduce poverty.

• Family training ratio. Skills training can enhance human
capital and enhance job competitiveness.
• Family burden coefficient. A too-large family burden

coefficient can easily lead to family poverty.
• Percentage of family coverage. New rural cooperative

endowment insurance can effectively alleviate the risk of a
family falling into poverty.
• Per capita household area. The greater the land area, the

stronger the ability to resist risk.
• Household transfer area. Transferring land is more

conducive to scale operations and poverty reduction.
• Irrigation ratio of farmland. Irrigation facilities can increase

agricultural productivity and resist natural disasters.
• Number of varieties planted. Diversified planting can share

the loss of natural disasters, but too many varieties will lead
to the loss of productivity.
• Climate Change. Weather anomalies can affect agricultural

production and exacerbate poverty.

Model

Measurement of relative poverty
(1) We calculated the household per capita comparable

income. The cost of living varies according to family
size, structure, and level of education, and some goods
(televisions, refrigerators, air conditioners, etc.) have
shared characteristics. Measurements of poverty using
household per capita income would result in families
with different structures but the same per capita income
being classified as homogeneous poor families. Therefore,
“household per capita comparable income” needs to
be calculated. The equivalent size adjustment coefficient
is used to measure the welfare level of families with
different characteristics. It is the ratio of the general
family expenditure level to the standard family expenditure
level. In this paper, the OECD equivalent scale adjustment
method was used to assign the coefficient of the first
adult in the family to 1, the coefficient of an additional
adult to 0.7, and the coefficient of children under
14 years old to 0.5.

(2) Relative poverty measurement method. The
three-stage feasible generalized least square
method is used to measure the relative poverty.
The measurement method is as follows:

Vit = PR
(
Yi,t+1 ≤ Z

)
(1)

In Eq. 1, i means farmers and t means time, Y is the welfare
level of farmers (per capita income), Z is the relative poverty
standard, Vit is the relative poverty of peasant household i in
the period of t, Yi,t+1 is the welfare level of peasant household i
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TABLE 1 Descriptive statistics of all variables.

Variable Name Computation method Mean SD Min. Max.

Vulnerability Vulnerability to relative poverty Based on Eqs 1, 2 0.4610 0.1747 0 0.64

Multicrop 1 Whether the farmland was multiple
cropping

Multiple cropping= 1; non-multiple
cropping= 0

0.5673 0.4957 0 1

Multicrop 2 Whether the paddy field was multiple
cropping

Multiple cropping= 1; non-multiple
cropping= 0

0.5489 0.4979 0 1

Multicrop 3 Whether the dryland was multiple
cropping

Multiple cropping= 1; non-multiple
cropping= 0

0.5293 0.4994 0 1

Multicrop 4 Farmland multiple cropping index Sown area/cultivated area 1.2342 0.6419 0 3

Multicrop 5 Paddy field multiple cropping index Paddy field sown area/paddy field area 1.4051 0.5698 0 2.6

Multicrop 6 Dryland multiple cropping index Dryland sown area/dryland area 1.1250 0.5413 0 2.4

Time 1 Hours of work per capita Hours of work/household size 1.7510 2.3425 0 12

Train Family training ratio Number of trainees/household size 0.0925 0.1888 0 1

Burden Family burden coefficient Family dependency ratio 0.3130 0.2874 0 1

Insured Percentage of family coverage Number of insured persons/household size 0.5279 0.3853 0 2

Area 1 Per capita household area Household contracted area/household size 1.3538 0.7945 0 2

Area 2 Household transfer area Actual household transfer area, (Unit:
Hectares)

0.0932 4.3352 0 1.3

Irrigate Irrigation ratio of farmland Irrigated area/total area 0.2028 0.3547 0 1

Crops Number of varieties planted Actual value 2.0840 1.4476 0 8

Climate Climate change Abnormal= 1; normal= 0 0.5524 0.4975 0 1

Time 2 Family farming time The natural log of time spent farming 0.2837 1.8277 −5.82 4.2

Multicrop 7 Village average multiple cropping index Actual value 1.2256 0.3906 0.59 1.9

in the period of t + 1, namely the relative poverty value:

V̂i = P̂
(
lnYi < lnZ|Xi

)
= ϕ

[
lnZ − Xiβ̂√

Xiρ̂

]
(2)

Model of whether the farmland is engaged in multiple
cropping

Multiple cropping will increase agricultural output and cost.
Assuming that the potential net income per unit of farmer i
with and without multiple cropping is G∗i1 and G∗i2, respectively,
and that the condition for selecting multiple cropping is G∗i1 −
G∗i2 = G∗i > 0, then the decision model for choosing multiple
cropping is:

Gi =

 1, G∗i > 0

0, G∗i ≤ 0
(3)

In Eq. 3, Gi is whether to choose the farmland for multiple
cropping. If famers choose the farmland for multiple cropping,
Gi will equal 1; otherwise, it will equal 0; and the relative poverty
value Vi is:

Vi = αXi + βGi + εi (4)

In Eq. 4, Xi is the covariable, α and β are the parameters
to be estimated, and εi is the random error term. In this paper,
we take Eq. 3 as the Decision Equation; and Eq. 4 is used as the
Outcome Equation.

To simultaneously solve the problems of missing variables
and endogeneity, this paper uses the Endogenous Switching
Regression (ESR) method proposed by Lokshin and Sajaia
(2004). Comparing the expected values of relative poverty of
households with and without multiple cropping, the average
treatment effect of the treated (ATT) is:

ATTi = E [Vi1|Gi = 1]− E [Vi2|Gi = 1]

= (α1 − α2)Xi1 + (σµ1 − σµ2)λi1 (5)

The average treatment effect of the untreated (ATU) is:

ATUi = E [Vi2|Gi = 0]− E [Vi1|Gi = 0]

= (α2 − α1)Xi2 + (σµ2 − σµ1)λi2 (6)

Impact of multiple cropping on farmers’
relative poverty

To infer the causal relationship between the multiple
cropping index of farmland and relative poverty, an
evaluation model that can handle the key variables as
continuous variables is needed (Lokshin and Sajaia, 2004).
The generalized propensity score matching (GPSM) method
can be used for estimation and the operation idea is as
follows:

Given the covariable X, the maximum likelihood
method is used to estimate the conditional probability
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distribution H (Ti) of the continuous processing
variable T:

H (Ti) |Xi ∼ N(y (ηXi) , θ
2) (7)

The expected value of the result variable Fi when the
processing variable is t:

Ê [F (t)] =
1
N

N∑
i=1

[η̂0 + η̂1t + η̂2t2i + η̂3p̂ (t,Xi)

+ η̂4p̂ (t,Xi)
2
+ η̂5tp̂ (t,Xi)] (8)

In Eq. 8, N is the sample observation value, p̂ (t,Xi) is the
conditional probability density prediction value of the treatment
variable, and the value range of the treatment variable T̄ =
[t0, t1] is divided into N subintervals T̄ = (n = 1, 2, · · · , n). In
each subinterval, the causal effect of the multiple cropping index
on the relative poverty of farmers can be estimated.

Empirical results

Table 2 shows the simultaneous estimation results of the
multiple cropping of all farmlands and paddy fields, and the
relative poverty model of farmers. Columns (1)–(3) of Table 3
are the simultaneous estimation results of the dryland multi-
cropping and rural household relative poverty model, and
columns (4)–(6) are the estimation results of the instrumental
variables of the whole sample.

The Endogenous Switching Regression
model results and analysis on the
relative poverty of farmers by multiple
cropping of all farmlands

From the total sample, the LR value at 1% rejects
the null hypothesis that the equation and the result
equation are independent of each other, while Wald value
at 1% passes the test, indicating that the fitting effect
is good. ρµ1 and ρµ2 are significant at the 1% level.
This indicates that the multiple planting households and
the non-multiple planting households are not randomly
allocated. Farmers will adjust according to the change of
utility before and after multiple planting, so there is a
problem of self-selection. The negative ρµ1 indicates that
the relative poverty of households with multiple seeds is
lower than that of other households in the sample, and
the negative ρµ2 indicates that the relative poverty of
households without multiple seeds is higher than that of
other households in the sample.

Column (1) of Table 2 reports the estimated results of the
relative poverty of farmers using multiple cropping. Column
(2) is the estimated result of the relative poverty of farmers

who have not adopted multiple cropping, and Column (3) is
the regression result of the multiple cropping selection model
of farmland. The results show that family training significantly
reduced the probability of selecting farmlands for multiple
cropping. This suggests that the more skilled a household is,
the more likely it is to be engaged in off-farm work. The
family burden coefficient significantly reduced the probability
of selecting farmlands for multiple cropping, because there were
more old people and children in the family. A large number of
old people and children leads to an insufficient labor force to
improve the degree of farmland use. The per capita household
area significantly increased the probability of multiple cropping
of farmland, because land scale management can improve
income and increase the willingness to adopt multiple cropping.
The transferred area of households significantly increased the
probability of multiple cropping of farmland, indicating that
households had a strong enthusiasm for farming, and the land
utilization rate would be improved to the maximum extent
after the transfer of land. The number of cultivated varieties
significantly promoted the probability of multiple cropping
of farmland, which indicated that farmers tried not to leave
land idle under the condition of considering the seasonal
growth of different types of crops in order to maximize the
use of farmland. Abnormal climate change significantly reduces
the probability of multiple cropping of farmland. Extreme
weather change will lead to agricultural yield reduction or
even failure. Therefore, climate change will cause farmers to
reduce agricultural input by reducing the multiple cropping of
farmland.

To verify the effectiveness of instrumental variables, family
farming time and village average multiple cropping index
were considered in the model as instrumental variables for
regression. The estimation results show that family farming
time and village average multiple cropping index have a
significant impact on the decision of multiple cropping,
but have an insignificant impact on the relative poverty
of farmers. Since the number of instrumental variables
is greater than the number of endogenous variables, the
instrumental variables need to be tested for over-identification
and weak instrumental variables. The F-test statistic value
of the instrumental variables in the first stage of the model
is 25.22, greater than the empirical rule of the F-test
statistic value of 10. This indicates that the model does not
have weak instrumental variables. The P-value of the over-
identification test result is 0.000, indicating that there is no
over-identification problem in the model. Family farming time
can significantly increase the probability of multiple cropping
of farmland. This is because families allocate more time to
agricultural production, which will increase land utilization.
The average multiple cropping index in the village can
significantly increase the probability of multiple cropping of
farmland, indicating that there is a “same group effect” in
a rural society.
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TABLE 2 Estimated results of the endogenous conversion model for multiple cropping.

Variables Outcome equation Decision
equation

Outcome equation Decision
equation

Multiple
cropping (1)

Non-multiple
cropping (2)

Multiple
cropping in

farmland (3)

Multiple
cropping (4)

Non-multiple
cropping (5)

Multiple
cropping in

paddy field (6)

Time 1 −0.0033 (0.0042) −0.0016 (0.0038) 0.0265 (0.0266) −0.00927* (0.0051) −0.0017 (0.0045) −0.0558* (0.0294)

Train −0.299*** (0.0520) −0.309*** (0.0494) −0.660* (0.3590) −0.222*** (0.0665) −0.390*** (0.0521) 0.2530 (0.3750)

Burden −0.0092 (0.0089) 0.0143* (0.0083) −0.137** (0.0570) 0.0008 (0.0112) −0.0038 (0.0097) 0.0620 (0.0639)

Insured −0.0165 (0.0246) −0.0072 (0.0228) −0.1790 (0.1560) 0.0227 (0.0300) −0.0286 (0.0252) 0.1640 (0.1780)

Area 1 −0.0031 (0.0027) −0.0068*** (0.0025) 0.0557*** (0.0169) −0.0081*** (0.0029) −0.0066* (0.0040) 0.0672*** (0.0204)

Area 2 −0.0016** (0.0006) 0.0025 (0.0016) 0.0475*** (0.0090) 0.0013 (0.0019) −0.0032*** (0.0008) −0.0249*** (0.0095)

Irrigate 0.0111 (0.0208) −0.0216 (0.0315) 0.2550 (0.1610) −0.0200 (0.0365) 0.0234 (0.0231) 0.517*** (0.1790)

Crops −0.0200** (0.0091) −0.0164* (0.0085) 0.467*** (0.0518) −0.0121 (0.0100) 0.0038 (0.0074) 0.157*** (0.0477)

Climate −0.0046 (0.0195) 0.0075 (0.0187) −0.227* (0.1210) 0.0405* (0.0243) −0.0323 (0.0205) −0.258* (0.1340)

Time 2 0.0715* (0.0420) −0.0143 (0.0485)

Multicrop 7 1.786*** (0.2070) 2.155*** (0.3060)

Constant 0.533*** (0.0301) 0.643*** (0.0509) 3.530*** (0.3630) 0.599*** (0.0591) 0.555*** (0.0322) −3.502*** (0.4510)

lnσµ1/lnσµ2 −1.786*** (0.0405) 0.295** (0.1420) −1.857*** (0.0557) −1.697*** (0.0554)

ρµ1/ρµ2 −1.814*** (0.0483) 0.503** (0.2470) −0.3090 (0.2230) 1.221*** (0.3290)

LR 33.32*** 13.99***

Log likelihood −0.4922 13.4931

Wald 75.44*** 28.27***

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

The Endogenous Switching Regression
estimation results of different types of
farmland multiple cropping on the
relative poverty of farmers

Column (1)–(3) of Table 3 shows the impact of multiple
cropping decisions on farmers’ relative poverty in dryland, and
Column (4)–(6) estimates the results of instrumental variables
in the full sample. From the dryland samples, the LR and
Wald values indicate that the model has a good fitting effect.
ρµ1 and ρµ2 indicate the existence of a self-selection problem.
Column (4) and (5) of Table 2 are the estimated results of
farmers’ relative poverty to multiple cropping in paddy fields
and non-multiple cropping in paddy fields. Column (6) shows
the regression results of the selection and decision model of
multiple cropping in paddy fields. The per capita labor time
will significantly reduce the probability of multiple cropping
of paddy fields, which may be because household labor time
occupies agricultural labor time to some extent, and households
with more labor will not improve the land use degree too
much. The per capita area of a household will significantly
increase the probability of multiple cropping of paddy field,
while the transferred area of a household will significantly
reduce the probability of multiple cropping of paddy fields.
The irrigation ratio of farmland will significantly reduce the

probability of multiple cropping in paddy fields, possibly
because good irrigation facilities can guarantee agricultural
production efficiency, effectively improve farmers’ enthusiasm
for farming, and improve the degree of farmland use. The
instrumental variable of family farming time was not significant,
but the instrumental variable of the average village multiple
cropping index was significant at the 1% level, indicating that
the endogeneity problem should be solved. In the model, the
F-test statistic of the instrumental variable in the first stage is
26.35, which is greater than the empirical rule of F-test statistic
10. This indicates that there is no weak instrumental variable in
the model. The P-value of the over-identification test result is
0.000, indicating that there is no over-identification problem in
the model.

The treatment effect of multiple
cropping decision on farmers’ relative
poverty

The treatment effect of a multiple cropping decision on the
relative poverty of farmers is shown in Table 4. In general, the
multiple cropping decision has a significant negative effect on
the relative poverty of farmers. Among them, the ATT value
shows that, under the counterfactual condition, the relative
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TABLE 3 Endogenous conversion model estimation results of dryland multiple cropping and the regression results of instrumental variables.

Variables Outcome equation Decision model IV-regression

Multiple
cropping (1)

Non-multiple
cropping (2)

Multiple
cropping in
dryland (3)

Multiple
cropping in

farmland (4)

Multiple
cropping in

paddy field (5)

Multiple
cropping in
dryland (6)

Time 1 −0.0249*** (0.0078) 0.0049 (0.0042) −0.0738** (0.0334) −0.0018 (0.0031) −0.0022 (0.0031) −0.0052 (0.0038)

Train −0.196** (0.0789) −0.192*** (0.0640) −0.821** (0.3900) −0.303*** (0.0400) −0.292*** (0.0380) −0.274*** (0.0398)

Burden 0.0083 (0.0146) −0.0093 (0.0086) 0.0338 (0.0676) −0.01* (0.0057) −0.0089 (0.0055) −0.0081 (0.0057)

Insured 0.0212 (0.0421) −0.0129 (0.0274) 0.2800 (0.1990) −0.0144 (0.0171) −0.0140 (0.0169) −0.0040 (0.0185)

Area 1 −0.0062 (0.0038) −0.0004 (0.0023) 0.0171 (0.0211) −0.0032* (0.0019) −0.0028* (0.0017) −0.0011 (0.0014)

Area 2 −0.0013 (0.0043) −0.0017*** (0.0006) −0.0223 (0.0156) −0.0014*** (0.0004) −0.0015*** (0.0004) −0.0021*** (0.0004)

Irrigate −0.0984* (0.0504) −0.0243 (0.0311) 0.452** (0.2270) 0.0028 (0.0168) 0.0097 (0.0174) 0.0233 (0.0211)

Crops −0.0301** (0.0132) 0.0040 (0.0103) 0.344*** (0.0588) −0.0140** (0.0063) −0.0063 (0.0051) −0.0073 (0.0052)

Climate −0.0370 (0.0321) −0.0008 (0.0216) 0.1040 (0.1510) −0.0056 (0.0133) −0.0045 (0.0135) −0.0033 (0.0144)

Time 2 0.0627 (0.0552)

Multicrop 7 −1.289*** (0.2520)

Multicrop 1 −0.0753** (0.0314) −0.0586** (0.0243) −0.115** (0.0537)

Constant 0.304*** (0.0842) 0.498*** (0.0354) −0.2450 (0.4530) 0.602*** (0.0339) 0.570*** (0.0243) 0.599*** (0.0355)

lnσµ1/lnσµ2 −1.678*** (0.0935) −1.823*** (0.0410)

ρµ1/ρµ2 0.592** (0.2580) 0.0091 (0.2190)

LR 15.42***

Log likelihood −40.2282

Wald 32.0000***

R-squared 0.1240 0.1450 0.0700

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

poverty of farmers who have actually adopted multiple cropping
of farmland will increase by 0.1302 units or 28.43% when
they do not adopt multiple cropping of farmland. According
to the ATU value, the relative poverty of the farmers who
did not adopt multiple cropping of farmland will decrease by
0.1308 units, or 29.57%, when they adopt multiple cropping
of farmlands for agricultural production. This indicates that
multiple cropping of farmland can effectively reduce the
relative poverty of the farmers. Furthermore, the endogenous
transformation regression model and counterfactual framework
were used to analyze the treatment effect of multiple cropping
of different types of farmland on households’ relative poverty.
The average treatment effect of multiple cropping decision of
all types of farmland had significant negative influence. Among
them, the ATT value showed that if farmers with multiple
cropping of paddy fields and dryland did not adopt multiple
cropping of farmland, their relative poverty would increase by
0.1482 and 0.0331, respectively. This translates to increases of
30.4 and 7.6%, respectively. The ATU value showed that if the
farmers who did not engage in multiply cropping in paddy
fields and dryland adopted the double cropping in farmland,
their relative poverty would decrease by 0.2193 and 0.0917,
respectively, or by 30.4 and 7.6%, respectively.

In conclusion, adopting multiple cropping in paddy fields
can reduce the relative poverty of farmers better than adopting

multiple cropping in dryland. The possible reasons are as
follows: First, paddy fields mostly plant wheat, rice and other
field crops. Field crops generally consume less labor and time
than cash crops, thus saving labor and increasing family income.
Second, because the main crop of paddy fields is grain, the
grain income is low. Therefore, the index of multiple cropping
in dryland was higher than that of paddy fields, and the space
for the improvement of multiple cropping in paddy fields was
larger. Third, paddy fields planted with food crops can get more
agricultural subsidies, stimulating farmers to improve the degree
of multiple cropping of paddy fields to a certain extent.

To test the robustness of the endogenous transformation
regression model, Columns (5)–(7) of Table 3 presents the
regression results of instrumental variables based on all
farmland samples, paddy field samples and dryland samples.
The comparison between the results of the instrumental
variable estimation and those of the ESR model shows that
the instrumental variable method overestimates the effect of
the multiple cropping decision on the relative poverty of
farmers. However, the results of the instrumental variable
estimation are consistent with the results of the ESR model in
significance and direction. To more vividly reflect the effect of
the decision of multiple cropping of farmland on the reduction
of households’ relative poverty, Figure 1 lists the probability
density distribution map of households’ relative poverty under
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TABLE 4 The average treatment effect of multiple cropping of various types of farmland on relative poverty.

Type Multiple cropping Non-multiple cropping ATT ATU

Multiple cropping in farmland 0.4580 (0.0035) 0.5882 (0.0031) −0.1302*** (0.0046)

Non-multiple cropping in farmland 0.4424 (0.0053) 0.5732 (0.0029) −0.1308*** (0.0060)

Multiple cropping in paddy field 0.4875 (0.0028) 0.6357 (0.0048) −0.1482*** (0.0056)

Non-multiple cropping in paddy field 0.2536 (0.0050) 0.4729 (0.0027) −0.2193*** (0.0057)

Multiple cropping in dryland 0.4327 (0.0037) 0.4658 (0.0020) −0.0331*** (0.0042)

Non-multiple cropping in dryland 0.3760 (0.0032) 0.4677 (0.0031) −0.0917*** (0.0044)

***denote significance at the 1% level.
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FIGURE 1

Relative poverty probability density of farmers with multiple crops (A) and no multiple crops (B).

the scenarios of multiple cropping of farmland or not. Figure 1A
shows that, in the counterfactual case, the probability density
distribution curve of relative poverty shifts to the right if the
households adopting multiple cropping of farmland do not
adopt it, indicating that the sample selection bias is solved,
the multiple cropping of farmland will significantly reduce the
households’ relative poverty (ATT = −0.1302). As shown in
Figure 1B, in the counterfactual case, if farmers who do not
adopt multiple cropping of farmland adopted it, the probability
density distribution curve of their relative poverty would shift to
the left, indicating that the relative poverty of farmers without
multiple cropping of farmland would be reduced after the
adoption of multiple cropping (ATT = −0.1308). Due to the
limitation of space, the probability density map of relative
poverty of farmers’ multiple cropping in paddy field samples and
dryland samples was not provided.

Generalized propensity score
matching estimation of the degree of
multiple cropping on the relative
poverty of farmers

The endogenous transformation regression model was used
to evaluate the processing effect of multiple cropping on the
relative poverty of farmers, but the processing variable of ESR
model could not be a continuous variable. The GPSM model was
used to evaluate the net benefits of the multiple cropping index
on the relative poverty of farmers. First, the Fractional Logit

model was used to estimate the generalized propensity score,
and a balance test was conducted on the samples. The test results
are shown in Table 5. All the covariables had no significant effect
on relative poverty, indicating that the selection of covariables
was reasonable. According to the balance test idea of Hirano
and Imbens (2004), 0.2 and 0.6 were taken as critical points, and
the samples were divided into three groups to test the difference
of conditional mean values of matching variables in three
subintervals after multiple cropping matching of different types
of farmland. The mean deviation is not significant, indicating
that there is no systematic difference between the matching
variables. Thus, it meets the assumption of balance. Then, the
conditional expectation of the relative poverty of multi-cropping
households of different types of farmland was calculated using
the second-order approximation formula. The results showed
that the estimated coefficients of the multi-cropping index and
its square of different types of farmland were significant at the
1% level, and the estimated coefficients of the propensity score
variable and its square were significant at the 1% level. The
interaction between multiple cropping index and propensity
score variables is significant at the 5% level.

Table 6 shows the estimated results of the GPSM processing
effect. According to Eq. 8, the expected value and marginal
change of agricultural production costs of different types of
land circulation areas at different treatment levels can be
estimated. According to the estimated results, the treatment
effects of multiple cropping index in all farmlands, paddy fields,
and dryland experienced a change from positive to negative
effects. However, not all positive effects passed the significance
test, while all negative effects passed the significance test. The
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TABLE 5 Generalized propensity score matching estimation and balance test results.

Multiple cropping Multiple cropping index Multiple cropping
Variables index of paddy field index of dryland

[0, 0.2] [0.2, 0.6] [0.6, 1] [0, 0.2] [0.2, 0.6] [0.6, 1] [0, 0.2] [0.2, 0.6] [0.6, 1]

Time 1 0.0349
(0.3533)

−0.3620
(0.2648)

0.8051
(0.6025)

0.0894
(0.2774)

−0.2153
(0.1393)

0.2361
(0.1636)

0.1108
(0.1139)

0.1108
(0.1139)

−0.0655
(0.1124)

Train 0.0089
(0.0267)

−0.0036
(0.0303)

−0.0115
(0.0464)

−0.0018
(0.0204)

0.0004
(0.0126)

0.0213
(0.0144)

−0.0039
(0.0106)

−0.0039
(0.0106)

0.0081
(0.0098)

Burden −0.0881
(0.1763)

0.1769
(0.1327)

−0.4038
(0.2890)

−0.0878
(0.1320)

−0.0034
(0.0705)

−0.0603
(0.0823)

−0.0127
(0.0627)

−0.0127
(0.0627)

0.0029
(0.0621)

Insured 0.0463
(0.0589)

0.0222
(0.0449)

−0.0852
(0.1036)

−0.0032
(0.0462)

0.0280
(0.0255)

−0.0067
(0.0295)

−0.0084
(0.0211)

−0.0084
(0.0211)

0.0069
(0.0207)

Area 1 −2.0928
(1.8939)

0.0033
(0.5520)

0.4720
(1.1071)

−0.1224
(0.4649)

1.3470
(1.2754)

−0.5417
(0.5194)

0.3148
(0.2429)

0.3148
(0.2429)

−0.3370
(0.2590)

Area 2 −4.5964
(3.6823)

2.5834
(2.4984)

1.8380
(4.2642)

−3.7172
(2.2088)

2.0416
(1.2197)

0.9598
(1.5026)

0.1313
(0.2879)

0.1313
(0.2879)

−0.2073
(0.3738)

Irrigate 0.0786
(0.0518)

−0.0660
(0.0415)

−0.0667
(0.1056)

0.1185
(0.1479)

−0.0843
(0.1278)

0.0290
(0.0325)

−0.0249
(0.0165)

−0.0249
(0.0165)

0.0187
(0.0156)

Crops 0.0455
(0.1860)

0.1088
(0.1354)

−0.0834
(0.3014)

−0.3837
(0.3510)

0.0809
(0.0748)

−0.0465
(0.0921)

0.1335
(0.1717)

0.1335
(0.1717)

−0.0589
(0.0686)

Climate 0.1941
(0.1675)

−0.1648
(0.1509)

0.2194
(0.2179)

0.0583
(0.0546)

−0.0056
(0.0263)

0.0382
(0.0337)

−0.0152
(0.0226)

−0.0152
(0.0226)

0.0458
(0.0343)

TABLE 6 Generalized propensity score matching treatment effect estimation results.

T Multiple cropping in farmland Multiple cropping in paddy field Multiple cropping in dryland

Coefficient SE Coefficient SE Coefficient SE

0.1 0.0480 0.0348 0.0144 0.0277 0.0875*** 0.0282

0.2 0.0389 0.0300 −0.0347*** 0.0158 0.0435*** 0.0155

0.3 −0.0116 0.0265 −0.1511*** 0.0050 −0.0163*** 0.0107

0.4 −0.1035*** 0.0221 −0.2875*** 0.0039 −0.0918*** 0.0094

0.5 −0.2367*** 0.0172 −0.4596*** 0.0069 −0.1831*** 0.0092

0.6 −0.4113*** 0.0126 −0.6674*** 0.0088 −0.2902*** 0.0110

0.7 −0.6273*** 0.0088 −0.9110*** 0.0099 −0.4130*** 0.0145

0.8 −0.8846*** 0.0083 −1.1904*** 0.0135 −0.5516*** 0.0185

0.9 −1.1833*** 0.0189 −1.5054*** 0.0249 −0.7060*** 0.0228

1.0 −1.5234*** 0.0409 −1.8563*** 0.0462 −0.8761*** 0.0293

***denote significance at the 1% level.

treatment effects of the three types of farmland all showed
an increasing trend with the increase of multiple cropping
index, but the marginal effects were different among plots.
From the perspective of the relative poverty of farmers, when
the multiple cropping index of different types of farmland
was at the treatment level of 0∼0.03, increasing the multiple
cropping index of farmland would reduce the relative poverty
of farmers, but the effect was not obvious. When the treatment
level exceeded 0.3, the treatment effect of multiple cropping
index of different types of farmland improved more obviously.
The main reason is that when the multiple cropping index
of farmland is low, farmers do not make full use of land,

which is inevitably not conducive to reducing the relative
poverty. When the multiple cropping index of farmland exceeds
a certain threshold, the effect of the multiple cropping index
of farmland on reducing the relative poverty of farmers will
continue to expand. From the perspective of multiple cropping
index of different types of farmland, the marginal effect of
multiple cropping in paddy fields at different treatment levels
was significantly higher than that in dryland, and the increasing
trend of the marginal effect of multiple cropping in paddy
fields was more obvious. The possible reason is that under
the same multiple cropping index tillage condition, multiple
cropping of paddy field can increase family income more
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significantly, while significantly reducing the relative poverty of
farmers.

According to the expected value and marginal effect, the
treatment effect function of different types of farmland multiple
cropping indices on the relative poverty of farmers can be
obtained. Figures 2A–C represent the functional diagrams of
the treatment effects of the total cropland MCI, the paddy field
MCI, and the dryland MCI on the relative poverty of farmers,
respectively. The solid line in Figure 2 represents the functional
relationship between the multiple cropping index of different
types of farmlands and the relative poverty of farmers. The two
dotted lines outside the two represent the 95% upper and lower
confidence limits of the GPS estimation function, respectively.
Figure 2 clearly shows that the effect of the multi-cropping
index of farmland in reducing the relative poverty of farmers
does increase in scale. Also, the curve of the treatment effect of
the multi-cropping index of paddy fields is significantly more
curved, indicating that the treatment effect of multi-cropping in
paddy fields is greater.

The mechanism of multiple cropping
to the relative poverty of farmers

The multiple cropping of farmlands may affect the relative
poverty of farmers through two paths. One is by increasing
agricultural planting income and reducing the relative poverty
of farmers through the yield improvement path; the other is by
improving factor utilization rate and reducing the agricultural
planting cost and the relative poverty of farmers through the
factor intensive path. The mediating effect method was used to
test the above two action paths (Peng et al., 2019).

Test the mediating effect of yield increase
To quantify the yield increase, the average output per unit

was used as a mediating variable. Column (1) in Table 7 shows
that the multiple cropping of farmland has a significant impact
on the relative poverty of farmers, with an estimated coefficient
of −0.0305. Column (2) shows that the multiple cropping
index of farmland can significantly increase agricultural output,
which means that the multiple cropping of farmland increases
agricultural income. The two variables in Column (3) have
passed the significance test, indicating that the impact of
the mediator variable on the relative poverty of farmers is
still significant after controlling for the influence of multiple
cropping of farmland. According to the significance of each
variable parameter estimate, the mediating effect of average
output per unit exists, but it is a partial mediating effect, and
the proportion of the mediating effect in the total utility is 0.31.
This means that about 31% of the impact of multiple cropping
of farmland on the relative poverty of farmers in the sample
area is realized through the mediating effect of the variable of
average output per unit. In other words, the multiple cropping of

farmland affects “farmers” income by changing the agricultural
per unit output value, which to a certain extent verifies the
authenticity of the existence of the path of yield improvement.

Test of mediating effect of factor intensive path
Column (5) shows that the multiple cropping of farmlands

can significantly improve the agricultural factor utilization ratio,
indicating that the factor intensification after participating in
the multiple cropping of farmland can indeed help to improve
the agricultural factor utilization ratio. Column (6) shows that
after controlling for the effect of the multiple cropping variable,
factory utilization rate, as a mediating variable, still has a
significant inhibiting effect on the relative poverty of farmers.
As the estimated value of correlation coefficient in Column (4)
∼ (6) all passed the significance test, it could be concluded
that there was a mediating effect of factory utilization variables.
However, it was still a partial mediating effect rather than a
complete mediating effect, and the proportion of the mediating
effect to the total effect was 0.19. Therefore, it can be concluded
that about 19% of the impact of multiple cropping of farmland
on the relative poverty of farmers is realized through the
mediating role of factor use rate variable. This means that the
multiple cropping of farmland improves the agricultural factor
use rate and thus increases the income level of farmers, which
to some extent confirms the authenticity of the existence of the
factor intensive path.

Further study: Analysis without the equivalent
scale adjustment factor

Furthermore, the relative poverty value and the difference
of the effect of multiple cropping on poverty reduction of
farmland were used without adjusting for household equivalent
size. Table 8 shows the values of family size, per capita income,
and relative poverty before and after adjusting for equivalent
size. The last line in the table is the mean value of each variable.
The table shows that the family size in the sample ranges from
1 to 10 people, with an average value of 4.1, which is reflective
of the actual situation in China’s rural areas. The adjusted family
size ranges from 1 to 4.81, with an average value of 2.43. Both the
number of families and the mean value are significantly smaller
than those before the adjustment. The pre-adjustment value
of per capita income is significantly less than the adjusted per
capita income, and the pre-adjustment value of relative poverty
value is significantly greater than the adjusted relative poverty.
If the household demographic structure is not considered and
a direct calculation on the basis of family per capita income is
done, there will be a serious interference to measure poverty,
causing a “false poverty” problem.

Then, the relative poverty value calculated based on
unadjusted household per capita income was used for regression
analysis. Table 9 estimates the average treatment effect of
multiple cropping of various types of farmland on relative
poverty using the endogenous transformation model. The table
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FIGURE 2

Schematic diagram of the treatment effect function of all farmland (A), paddy field (B), and dryland (C) multiple cropping index on the relative
poverty.

TABLE 7 The mechanism of multiple cropping on relative poverty.

Variables Yield increase Factor intensive path

Vulnerability
to relative
poverty (1)

Average
output per

unit (2)

Vulnerability
to relative
poverty (3)

Vulnerability
to relative
poverty (4)

Utilization
ratio (5)

Vulnerability
to relative
poverty (6)

Multiple cropping index −0.0305** (0.0128) 0.038* (0.022) −0.0252** (0.0122) −0.0305** (0.0128) 0.172* (0.0934) −0.0289** (0.0145)

Average output per acre – – −0.2490* (0.1300) – – –

Utilization ratio – – – – – −0.034** (0.0180)

Control variables – – – – –

Constant 0.535*** (0.0203) 0.343*** (0.0063) 0.616*** (0.0469) 0.535*** (0.0203) 6.466*** (0.1220) 0.553*** (0.0255)

R-squared 0.142 0.033 0.065 0.142 0.079 0.155

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

shows that the multiple cropping behavior of all types of
farmlands has a significant negative impact on the relative
poverty of farmers, indicating that the regression model has a
strong stability. Under the counterfactor condition, the relative
poverty of farmers who have actually adopted the method of
multiple cropping of farmland will increase by 0.1504 units,
with an increase ratio of 31.7. The estimated results of ATU
show that the relative poverty of farmers who did not adopt
the multi-cropping method would be reduced by 0.1019 units,
with a decrease ratio of 27.2%. The estimated results of ATT
show that if farmers with multiple cropping in paddy fields and
multiple cropping in dryland do not adopt multiple cropping in
their farmlands, their relative poverty will increase by 0.1772 and
0.1129, or 35.3 and 25.3%, respectively. The estimated results
of ATU show that if the farmers with non-multiple cropping in
paddy fields and non-multiple cropping in dryland adopted the
method of multiple cropping in farmland, their relative poverty

would be reduced by 0.1626 and 0.2041, respectively, with a
decrease ratio of 26.3 and 72.3%. In general, the ATT treatment
effect of multiple cropping of all types of farmland is higher than
the adjusted estimated value, indicating that the estimated result
of unadjusted family per capita income will be higher.

Table 10 shows the net effect of the farmland multiple
cropping index on the relative poverty of farmers estimated
by the GPSM method before adjusting the equivalent scale.
The table shows that the negative treatment effect of the
multiple cropping index of each type of farmland passed
the significance test. The treatment effect of the three types
of farmland showed an increasing trend with the increase
of the multiple cropping index, but the treatment effect of
the multiple cropping index of paddy fields was higher than
that of dryland, indicating that the estimated results had a
strong robustness. The per capita income before adjustment is
significantly smaller than the adjusted per capita income, and
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TABLE 8 Comparison of family characteristics before and after adjustment of equivalent size.

Family size Per capita income (yuan) Vulnerability to relative poverty N

Before
adjustment

After
adjustment

Before
adjustment

After
adjustment

Before
adjustment

After
adjustment

1 1.00 11177.48 11177.48 0.25 0.25 27

2 1.50 11424.69 15459.90 0.43 0.42 218

3 1.95 15448.82 22745.86 0.48 0.45 201

4 2.42 18095.04 25525.98 0.48 0.46 208

5 2.83 15877.77 25984.66 0.50 0.48 224

6 3.20 9484.64 17888.99 0.49 0.48 147

7 3.58 11969.23 24215.92 0.56 0.53 53

8 4.15 5382.04 10293.46 0.46 0.42 22

9 4.51 8877.27 17913.81 0.54 0.52 12

10 4.81 6692.50 13756.13 0.54 0.49 9

Mean value

4.1 2.43 13857.05 21275.48 0.48 0.46 1120

TABLE 9 The average treatment effect of multiple cropping of various types of farmland on relative poverty before the equivalent scale adjustment.

Type Multiple cropping Non-multiple cropping ATT ATU

Multiple cropping in farmland 0.4744 (0.0035) 0.6248 (0.0033) −0.1504*** (0.0048)

Non-multiple cropping in farmland 0.3742 (0.0033) 0.4761 (0.0037) −0.1019*** (0.0050)

Multiple cropping in paddy field 0.5025 (0.0032) 0.6797 (0.0051) −0.1772*** (0.0060)

Non-multiple cropping in paddy field 0.6194 (0.0038) 0.4568 (0.0053) −0.1626*** (0.0065)

Multiple cropping in dryland 0.4458 (0.0039) 0.5587 (0.0024) −0.1129*** (0.0045)

Non-multiple cropping in dryland 0.2822 (0.0058) 0.4864 (0.0033) −0.2041*** (0.0067)

***denote significance at the 1% level.

TABLE 10 Estimated results of generalized propensity score matching treatment effects before equivalence scale adjustment.

T Multiple cropping in farmland Multiple cropping in paddy field Multiple cropping in dryland

Coefficient SE Coefficient SE Coefficient SE

0.1 0.0731 0.0543 −0.0184 0.0282 0.0900 0.0429

0.2 0.0576 0.0467 −0.1083*** 0.0108 0.0627 0.0583

0.3 −0.0003 0.0419 −0.2358*** 0.0078 −0.0360*** 0.0133

0.4 −0.0878** 0.0370 −0.4007*** 0.0100 −0.0598*** 0.0133

0.5 −0.2178*** 0.0315 −0.6032*** 0.0100 −0.1530*** 0.0132

0.6 −0.3861*** 0.0258 −0.8433*** 0.0083 −0.2675*** 0.0149

0.7 −0.5925*** 0.0205 −1.1208*** 0.0084 −0.4033*** 0.0185

0.8 −0.8371*** 0.0157 −1.4359*** 0.0169 −0.5604*** 0.0224

0.9 −1.1199*** 0.0107 −1.7884*** 0.0349 −0.7389*** 0.0250

1.0 −1.4409*** 0.0113 −2.1786*** 0.0638 −0.9386*** 0.0279

*** and ** denote significance at the 1% and 5% levels, respectively.

the relative poverty before adjustment is significantly larger than
the relative poverty after adjustment. It shows that if the family
per capita income is directly calculated without dealing with
the family population structure, it will seriously interfere with
the poverty measurement, and even cause the problem of “false
poverty.”

Conclusion and policy insight

Based on a field survey of 1,120 rural households in
Hubei Province, this paper analyzed the impact of multiple
cropping of farmlands on the relative poverty of farmers. It used
the endogenous transformation regression model and GPSM

Frontiers in Ecology and Evolution 13 frontiersin.org

https://doi.org/10.3389/fevo.2022.988757
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/


fevo-10-988757 September 23, 2022 Time: 13:54 # 14

Peng et al. 10.3389/fevo.2022.988757

model. The research conclusions are as follows: First, in general,
the multiple cropping of farmlands can increase relative poverty,
and this conclusion is confirmed by counterfactual test. Second,
the poverty reduction effect of multiple cropping on different
farmland types is different, and the poverty reduction effect
of multiple cropping in paddy fields is higher than that of
dryland. Third, all the treatment effects of the multiple cropping
index of farmlands, paddy fields, and dryland changed from
positive to negative, but not all the positive effects passed
the significance test, while all the negative effects passed the
significance test. The treatment effect of the three types of
farmland showed an increasing trend with the increase of
multiple cropping index, but the marginal effect was different
with the farmland type, and the poverty reduction effect of
multiple cropping in paddy fields was greater. Fourth, the per
capita working time, the proportion of household training,
the proportion of households participating in insurance, and
abnormal climate changes have a significant inhibitory effect
on the multi-cropping of farmlands. The per capita area of
households, the transferred area of households, the proportion
of cultivated land irrigated, and the number of planted varieties
play significant roles in promoting the multi-cropping of
farmers’ farmland. The treatment effects of the three types
of farmland showed an increasing trend with the increase of
the multiple cropping index, but there were differences in the
marginal effects of the plot types, and the poverty reduction
effect of the multiple cropping of paddy fields was greater.
Fifth, multi-cropping of cultivated land not only directly affects
the relative poverty of farmers, but also affects the relative
poverty of farmers through the partial mediation effect of the
yield improvement path and the factor intensification path. The
mediating effects of these two paths account for 31 and 19%
of the total utility, respectively. Sixth, it is necessary to use the
equivalent scale adjustment method to scientifically measure
the welfare level of farmers, so as to reduce the impact of
family structure on the measurement of farmers’ welfare level.
Moreover, when the government formulates support policies,
it needs to consider both the population size and family
structure of farmers.

The following insight can be drawn from this research:
First, while increasing farmers’ income through improving
agricultural productivity, multiple cropping of farmland can
also reduce the relative poverty of farmers. Therefore, it
is of great practical significance to further promote the
pattern of multiple cropping of farmland to improve the
relative poverty of farmers. Second, there are significant
differences in the poverty reduction effects of multiple
cropping of different types of farmland, which helps to clarify
the mechanism of multiple cropping of farmland on the
improvement of farmland use efficiency and promote the
rational choice of multiple cropping mode of farmland. Third,
the government should correctly guide different types of farmers
to rationally choose the corresponding pattern of multiple

cropping of farmland considering the group differences in
poverty reduction under multiple cropping of farmland. The
government should also give preferential policies to farmers
with inferior endowments. Fourth, there is a need to strengthen
the construction of farmland-related supporting infrastructure
and the corresponding technical support for the multiple
cropping of farmland. This will help create conditions that
further improve the multiple cropping of farmers’ farmland.

However, this paper has certain limitations. This paper
focuses on the impact of multi-cropping paddy fields and
dryland on the relative poverty of farmers, but does not analyze
the poverty reduction effect of multiple cropping of farmland
in different terrains. Topography is an objective factor affecting
multiple cropping. Although the control variables have been
used in this paper, it is still important to study the subdivision
of cultivated land topography. In addition, although the process
of using statistical data to calculate the multiple cropping
index is simple, the calculation results have problems such as
information lag, inability to reflect the spatial heterogeneity
within the statistical unit, and low precision. Remote sensing
technology has been used to monitor cropland MCI due to its
advantages of large scale, high timeliness, and low cost, but
it is generally used to measure cropland MCI at the regional
level. Due to the limited measurement methods and the research
object of farmers, this paper mainly uses statistical data to
calculate the multiple cropping index. In the future, remote
sensing technology can be used to more accurately measure
the farmland multiple cropping index at the farmer level. In
addition, due to the limited data, this paper only uses the data
from the farmer survey in Hubei Province to analyze the poverty
reduction effect of multiple cropping on farmland. China’s land
area is relatively large, and the effect of multiple cropping of
farmland in different regions should be different. Therefore, the
findings of this paper need to be further tested with more data
from other provinces or other countries.
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