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Abstract: Agricultural insurance is a risk management tool developed to guarantee regional produc-
tion and national food security. Based on survey data from 629 households in the Inner Mongolia
autonomous region, China, this paper examines the impact of agricultural insurance on farmers’
planting structure. The results show that: (1) Farmers’ participation in agricultural insurance signifi-
cantly affects their planting structure, especially lowering the level of specialization in production;
insured households are about 3–6% lower than the non-insured, and there is a complementary
effect between insurance participation and diversified planting. (2) For different types of farmers,
participating in insurance has different effects on their agricultural production structure. Farmers
purchasing insurance with low or medium levels in proportion to agricultural income significantly
reduce the degree of production specialization. The effect of participation in insurance on large-scale
farmers’ adjustment of planting structure is more obvious. For pure grain farmers, participation
in insurance will reduce planting specialization by about 3–4%. (3) Participation in agricultural
insurance will encourage farmers to plant grain crops, but the effect is small. Therefore, we need
to expand the coverage areas, increase insurance types, and improve coverage levels; the products
should be more targeted and differentiated, strengthening farmers’ participation in complete cost
insurance and income insurance.

Keywords: farmer; agricultural insurance; insurance participation; planting structure

1. Introduction

The planting structure of farm crops is a matter of national food security and the
effective supply of important agricultural products; Chinese No. 1 central documents in
recent years have been highly concerned about it. They stressed the need to deepen the
agricultural structure adjustment in 2021. Since 2000, China’s crop planting structure has
undergone significant changes, with the crop grain-to-economic ratio gradually decreasing
from 2000 to 2003, from 69.39:30.61 to 65.22:34.78, increasing from 2004 to 2016 from
66.17:33.83 to 71.42:28.58, and gradually decreasing from 2017 to 2020 from 70.94:29.06
to 69.72:30.28. The continuous adjustment of China’s crop planting structure has been
accompanied by a new round of policy-oriented agricultural insurance pilots since 2004,
especially the leapfrog development of agricultural insurance since 2007. From 2007 to
2021, China’s agricultural insurance premium income increased from CNY 5.18 billion
to CNY 96.518 billion, an increase of nearly 18 times, and the risk protection provided
increased from CNY 112.6 billion to CNY 4.78 trillion; the financial premium subsidies
expanded from 5 varieties in 2007 to 16 major agricultural products and more than 60 local
advantageous agricultural products, basically covering the major agricultural products
that are related to the people’s livelihood and food security. In terms of coverage level, the
insurance coverage level of the planting industry increased from 3.84% in 2008 to 12% in
2018, with a compound annual growth rate of 10.92% [1]. As shown in Figure 1, the sown
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area of grain crops also showed a basic increasing trend, from 69.13% in 2008 to 71.42%
in 2016. From the coverage level of major agricultural products, the effect of agricultural
insurance expanding the pilot areas and improving the coverage level is beginning to
show, and the insurance coverage level of grain crops was 29.42% in 2018, as shown in
Figure 2, including 36.7% for wheat, 25.94% for corn, 27.64% for rice, 20.35% for soybean,
47.06% for cotton, 14.59% for oil crops, and 19.98% for sugar crops. Therefore, from a macro
perspective, agricultural insurance seems to manage revenue risk in agriculture for Chinese
farmers, but from a micro perspective, does agricultural insurance encourage farmers to
adjust their planting structure? Further, has the planting behavior of farmers become a
grain production or non-grain production trend due to the difference in insurance coverage
levels between grain crops and economic crops?
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Figure 1. Insurance coverage level and grain crop sown area in China’s planting, 2008–2018. Data
Source: insurance coverage level of planting from “Analysis and Evaluation of Agricultural Insurance
Coverage in China” by Zhang Q et al. [1].; grain crop sown area from “China Statistical Yearbook
2021” [2].
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Figure 2. The insurance coverage level of various grain crop types in 2018.

At present, when discussing the adjustment of farmers’ planting structure, scholars
have mainly emphasized the influence of changes in various factors, such as markets,
resource endowments, policy environments, and so on, but have not been able to study the
role of agricultural insurance on planting structure from the perspective of risk coverage
based on household survey data, which is the entry point of our paper. This study combines
theoretical analysis with empirical testing. From the theoretical level, it analyzes the
microscopic mechanisms of agricultural insurance participation on crop planting structure
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adjustment. Empirical analysis is based on a field survey of 629 farmers in the Inner
Mongolia autonomous region, China. It also measures the actual effect of agricultural
insurance participation on planting structure adjustment and farmers’ behavior, taking into
account different household income types, farmland sizes, and farmers’ grain types. The
findings of this study can be used to identify the effect of agricultural insurance participation
on planting structure adjustments of farmers in northern China, especially in the major
grain-producing areas. This study provides a reference for decision-making through
agricultural insurance policy optimization to help promote China’s agricultural supply-
side structural reform, guide the reasonable regional layout of agricultural production, and
ensure national food security.

2. Literature Review

Since the end of last century and the beginning of this century, agricultural insurance
has been widely implemented as one of the tools of agricultural risk management. The
impact of agricultural insurance on the crop planting structure of farmers has become
a research hotspot in the theoretical and practical circles of agricultural insurance in the
US and Europe. In recent years, along with the gradual piloting of agricultural weather
index insurance around the world, some scholars, by using randomized intervention
experiments, have studied the causal relationship between index insurance and farmers’
planting structure.

Scholars agree that insurance will reduce the risk of planting crops and encourage
farmers to change their planting structure. Specifically, agricultural insurance will encour-
age farmers to reduce areas with lower insurance coverage of crops and increase areas
with higher insurance coverage, which will lead to changes in the agricultural production
structure and even household income structure. Turvey (1992) found that before govern-
ment subsidies for crop insurance premiums, the proportion of acreage planted in corn
and soybeans was 6% and 60%, respectively, and after financial subsidies, it was 60% for
corn and 40% for soybeans; therefore, premium subsidization encouraged the production
of high-risk crops [3]. Young, Vandeveer, and Schnepf (2001) studied how insurance affects
farm production in seven regions and eight major field crops in the US. Total planted
acreage to major field crops would be about 0.4% higher with government-subsidized
crop insurance than in the absence of any insurance program, or about 960,000 acres,
with wheat and corn accounting for about 75% of the additional acreage [4]. Barnett et al.
(2002), using cotton production in the Mississippi River region of the US as an example,
found that a 1% increase in expected returns is associated with a 0.036% increase in cotton
acreage [5]. Goodwin, Vandeveer, and Deal (2004) found that crop insurance significantly
affects farmers’ crop acreage allocation, but the effect is small and varies by crop and region;
for example, a 30% reduction in insurance premiums would result in a 1% increase in
acreage for barley in the northern Great Plains and a 0.28% to 0.49% increase in corn in
the heartland [6]. Seo et al. (2005) found that these federal risk management programs
increased optimal cotton acreage by 94% to 144% and decreased sorghum acres by up to
50% [7]. Zhang et al. (2006) found that only 2.3% of farmers increased their grain area after
participating in rice insurance in China (Shanghai) due to the low level of coverage [8].
O’Donoghue, Roberts, and Key (2009) found that Federal Crop Insurance significantly
affects farmers’ diversification [9] and that it leads to more specialization, although to a
lesser extent [10]. Mobarak and Rosenzweig (2012), using India as an example, found that
in an experimental setting, rice farmers who were offered the index insurance product were
more likely to subsequently plant a portfolio of rice varieties [11]. Capitanio et al. (2014)
used a wheat and tomato farm in Puglia, Italy, as an example, and the results showed that
under the current crop insurance programs, tomato production was expected to expand,
whereas the opposite was true for wheat production. However, as farmer risk aversion
increased, the optimal tomato acreage decreased, and optimal wheat acreage increased [12].
In terms of theoretical analysis, Zong and Zhou (2014) point out that agricultural insur-
ance affects farmers’ production behavior through the level of income substitution and
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the degree of insurance compensation within the same production behavior and between
different production behaviors and that the current level of agricultural insurance income
compensation satisfies the income risk diversification expectations of most farmers, thus
having a solidifying effect on farmers’ production behavior of major crops [13]. Elabed and
Carter (2015) randomly distributed the possibility of being insured and feeling insured to a
group of cotton cooperatives in Mali by giving them access to a microinsurance contract
and found that offering insurance resulted in a 15% increase in the area in cotton [14]. Cai
(2016), through a natural experiment, studied the impact of tobacco insurance on farmers’
production in Jiangxi Province, China, and found that households tend to increase tobacco
production by approximately 16% once they are insured [15]. Xu and Sun (2016) concluded
that the current agricultural insurance in China has a role in encouraging farmers to ex-
pand their sown area to increase agricultural income, and the change in area is significant.
However, the lack of coverage leads to the participation in insurance and has little effect
on enhancing farmers’ willingness to grow grain crops [16]. Liu et al. (2016) found that
agricultural insurance can solidify farmers’ production behavior and planting structure to
a certain extent and trigger a shift in planting structure from low to high insurance items;
especially, the adjustment trend of soybean and corn is significant [17]. Claassen et al.
(2017) concluded that crop income insurance increased the acreage of cropland devoted
to continuous corn and continuous soybeans by 4.07% and 3.29%, whereas less land was
planted with continuous wheat, which decreased by 14.4% [18]. Deryugina and Konar
(2017) found that farmer participation in insurance led to an expansion in the acreage
of the more water-consuming cotton crop, with a 1% increase in insured crop acreage
leading to a 0.624% increase in cotton acreage, or 95,602 acres [19]. Fu and Liang (2017)
show that agricultural insurance significantly enhances farmers’ tendency to specialize
and weakens diversification, and this effect is obviously characterized by lag and regional
heterogeneity [20]. Yu, Smith, and Sumner (2018) argued that crop insurance premium
subsidies affect patterns of crop acreage for two reasons. First, the direct profit effect.
By holding insurance coverage constant, premium subsidies directly increase expected
profit, which encourages more acreage of insured crops. Second, the indirect coverage
effect. Premium subsidies encourage farms to increase crop insurance coverage. With
more insurance coverage, farms obtain more subsidies, and farm revenue becomes less
variable as indemnities offset revenue shortfalls, so the acreage of insured crops likely
increases. A 10% increase in the premium subsidy causes a 0.43% increase in the acreage of
a crop in a county [21]. Zhang et al. (2019) point out that different agricultural insurance
premium subsidy standards can be provided for grain crops and economic crops, so as
to guide farmers to adjust their crop structure [22]. Fang et al. (2019) found that the pilot
of “Insurance + Futures” can effectively improve farmers’ motivation to grow grain [23].
Based on the microdata of 10,270 households in the Third China Agricultural Census, Ren
and Yang (2020) found that, after participating in insurance, farmers with an operating area
of fewer than 10 acres mostly chose to adjust the area, while those with 10–50 acres chose to
adjust the structure. Farmers show “adventurous” production decisions for economic crops
and relatively “conservative” decisions for grain crops; agricultural insurance participation
will make small farmers’ planting structure tend to be “non-grain production” and promote
the specialization of economic crops [24]. In addition, some scholars have analyzed climate
change as an influencing factor and found that farmers will adjust their planting behavior
in response to climate change. Cole, Giné, and Vickery (2013) found that the provision of
rainfall insurance induces farmers to shift production towards higher-return but higher-risk
cash crops by 15%, particularly among more educated farmers [25]. Karlan et al. (2014)
found that participation in rainfall index insurance in Ghana led to expanding the sown
area of farm crops; insured farmers shifted the mix of their crops to highly rainfall-sensitive
maize and increased the share of their land planted with maize by 9 percentage points [26].
Hill et al. (2019) conducted a randomized controlled trial in Bangladesh and found that
during the aman rice growing season (monsoon season, June to mid-November each year),
farmers’ participation in index insurance increased by 20% in the total rice area under
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cultivation [27]. Que et al. (2022) used Mann–Kendall and Sen slope tests to find how rice
farmers adapt production to climate change. Three adaptation strategies are frequently
employed in the Nong Cong district: adjusting the seasonal calendar to alter transplanting
and harvesting timing, increasing fertilizer and pesticide application, and changing to fast-
growing varieties [28]. Therefore, in the future climate change scenario, farmers’ planting
specialization behavior would be affected by changes in meteorological patterns.

Based on the above incomplete literature review, scholars are more concerned about
how agricultural insurance participation affects planting structure and generally believe
that agricultural insurance will induce farmers to adjust their crop planting structure,
especially to expand the planting area of insurable or high subsidy rate crops, i.e., farmers
tend to specialize their agricultural production. The research methods mostly combine
theoretical analysis and empirical tests, and most of the research subjects chose the US
because it has more than 80 years of agricultural insurance history and has abundant micro
farm or plot and county-level time series or panel data, which can allow academics and
industry to conduct in-depth and detailed research. Although Chinese scholars’ research
has theoretical analysis and empirical tests, they mostly use macro-provincial time series or
panel data, and there are few analyses based on micro-household surveys in China.

This paper is dedicated to supplementing the above aspects: first, to analyze theoreti-
cally the influence mechanism of agricultural insurance participation on farmers’ planting
behavior and provide an explanation for the influence of agricultural insurance policy on
farmers’ production behavior. Second, to distinguish the influence of agricultural insur-
ance on farmers’ planting behavior as diversification or specialization and further analyze
whether it is grain production trend or non-grain production. This discussion is of great
significance because planting specialization is the main feature of modern agricultural
production, and grain-oriented planting is conducive to ensuring national food security.
Third, the empirical evidence is collected through field survey data, and the possible endo-
geneity of the model is fully considered to ensure the reliability of the research findings.
Therefore, the research results of this paper can further expand the current analysis of the
micro role of agricultural insurance in China’s theoretical and practical circles and integrate
agricultural insurance policy and agricultural structural adjustment, especially farmers’
grain growing behavior. It can enrich research on the impact of China’s agricultural in-
surance policies on farmers’ production behavior. Fourth, the existing literature mostly
demonstrates the effect of yield insurance or income insurance on farmers’ production
behavior. We analyze the impact of materialized cost insurance on farmers’ production
behavior. In terms of application value, in the context of the in-depth promotion of China’s
agricultural supply-side structural reform and the increasing importance of comprehen-
sively improving the ability to guarantee national food security, after more than 10 years of
exploration and accumulation, China’s agricultural insurance is transforming into high-
quality development. This study investigates whether materialized cost insurance at low
coverage levels can lead farmers to change their planting behavior. It is different from
existing scholars’ research based on output or income insurance; this insurance policy
has Chinese characteristics. The results can provide convincing theoretical and empirical
evidence for further optimization of the agricultural insurance system, as well as decision
support for the government to formulate policies to strengthen agricultural insurance to
help the development of agricultural modernization.

3. Mechanism Analysis

Farmers, as rational economic men, base their planting decisions on multiple objectives,
simultaneously considering profit maximization, risk minimization, and household labor
input minimization. The profit objective has the largest weight, the labor objective has
the second-largest weight, and the risk objective has the smallest weight [29]. In practice,
farmers’ planting decisions are a series of choices about planting varieties, planting areas,
and planting methods under the constraints of three types of factors: land, labor, and
capital, based on the goal of profit maximization [30].
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Within agriculture, different sectors have different input–output systems; thus, the
focus on steps and effects of agricultural insurance may vary [31]. In general, farmers
participate in agricultural insurance to reduce income fluctuations and to avoid losses due
to disasters in order to stabilize their production, or to increase agricultural inputs to expand
production with confidence [32]. The regional characteristics of agricultural production are
obvious, and the differences in natural conditions in different geographical areas will lead
to heterogeneity in crop types, distribution of advantageous agricultural resources, and
agricultural production risks, which in turn will affect the selection of agricultural insurance
policies and their market conditions in different regions [33]. This is true even at this stage
when agricultural insurance policies are issued by all provinces. Differences in agricultural
production conditions, such as infrastructure conditions, affect the planting structure of
farmers [34] and their insurance choices. At the same time, participation in insurance
affects farmers’ production behavior, which is related to the probability of damage to their
environment [35]. Wu et al. (2015) found that at the national level, irrigation facilities and
substandard highways promote grain cultivation in China; at the provincial level, irrigation
facilities increase the proportion of grain crops in central and western China but have a
negative effect in the east; classified highways have a negative effect on grain crops in the
middle and west, and substandard highways promote grain crops in the middle [36]. For a
long time, the low comparative efficiency of farmers in grain crops and the rising cost of
land transfer have led to widespread “non-grain production”; at the same time, there is a
misunderstanding between under-insured and over-insured agricultural insurance varieties
in China. Moreover, participation in insurance will make farmers’ planting structure tilt
toward the insured varieties [13]. In the case of over-insured economic crops, agricultural
insurance may induce the trend of “non-grain production”, which will affect the planting
structure and specialization of farmers. Zhang and Yin (2019) pointed out that one of the
reasons for the heterogeneity of crop insurance participation rates among eastern, central,
and western regions of China is the crop planting structure. Participation in insurance
causes farmers to plant insured crop varieties with premium subsidies and high coverage
levels [37]. Luo et al. (2011) argued that higher financial subsidies can lower the entry
barrier to agricultural insurance so that most farmers can enjoy insurance coverage; higher
insurance coverage levels and subsidies will induce farmers to re-cultivate land that was
previously abandoned due to excessive risk (i.e., inferior land), which, in turn, will increase
the effective sown area of agriculture [38]. Zhang (2012) found that agricultural insurance
would induce farmers to re-cultivate land that had been abandoned for years to grow crops
in order to obtain the expected income from premium subsidies [39]. Ren et al. (2021)
found that the level of agricultural insurance coverage had an inverted U-shaped effect on
agricultural production efficiency based on a survey of 1290 households in Hubei, Jiangxi,
Sichuan, and Yunnan provinces, China. The improvement in coverage level can improve the
specialization level of farmers’ planting structure in the short term and then promote their
production investment [40,41]. In addition, the impact of choosing agricultural insurance
to address production risk as a policy tool on the distribution of households’ future returns
varies by household variety [42] and may have a role in adjusting the planting structure.

Based on the literature review and the above analysis, it is clear that participation
in insurance will change the risk profile of farmers’ agricultural production, which is
closely related to a series of factors, such as geographical location, agricultural production
conditions, crop attributes, premium subsidies, coverage level, and future returns, which, in
turn, will motivate them to adjust their planting decisions. During the initial development
stage and rapid expansion stage of agricultural insurance from 2007 to 2016, China’s
agricultural insurance was promoted on the principle of “wide coverage, low protection”.
Some scholars have pointed out that the insufficient level of protection has always been
the shortcoming of China’s agricultural insurance. Therefore, the impact of agricultural
insurance on farmers’ specialized planting behavior may be relatively limited. Taking the
example of the materialized cost insurance that farmers in Inner Mongolia participated in
widely in 2018, the empirical analysis of whether agricultural insurance promotes more
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specialization or diversification of farmers’ agricultural production. Furthermore, how
does participation in insurance affect farmers’ grain-growing behavior? It is a tendency for
grain production or non-grain production in farmers’ agricultural production. All of these
questions require rigorous empirical testing. The mechanism of agricultural insurance on
farmers’ crop planting structure adjustment is shown in Figure 3.
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4. Data Sources, Variable Selection, and Model Setting
4.1. Data Sources

The Inner Mongolia Autonomous Region is one of the 13 major grain-producing areas
in China and one of the five grain-scale external transfer provinces. In 2022, the annual
grain output reached CNY 78.01 billion, ranking sixth. From 2016 to 2021, Inner Mongolia‘s
agricultural insurance premium income increased from CNY 3 billion to CNY 5.09 billion,
an annual growth rate of 11.15%; the amount of risk coverage provided by agricultural
insurance increased from CNY 83.88 billion to CNY 342.5 billion, an annual growth rate of
32.50%.

Our data were obtained from a survey administered to farmers in Inner Mongolia,
China, in 2018. It includes 12 cities, 54 counties, 136 towns, and 175 villages, and these areas
are associated with a concentration of agricultural production in Inner Mongolia. Data
collection followed a multi-stage sampling procedure. In the first stage, 54 counties were
randomly selected in 12 cities. In the second stage, two or three towns from each selected
county were randomly selected. Next, two or three villages were randomly chosen in each
town. In the last stage, we randomly interviewed several farmers in each selected village.
The survey consists of information covering personal and household resource endowment,
agricultural production, income, and agricultural insurance participation (agricultural
insurance participation here refers to materialized cost insurance, which is 80% subsidized
by the state, and the remaining 20 % is borne by farmers.), etc. In total, the survey targeted
633 farmers and resulted in 629 usable observations after eliminating the samples with
serious missing or abnormal information. The temperature and precipitation data were
obtained from the Inner Mongolia Statistical Yearbook.

4.2. Model Setting

In order to test the impact of farmers’ participation in crop insurance on their planting
structure, the following model is set up to examine:

Indexi = α0 + α1 Insui + α2Xi + εi (1)
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where Indexi denotes the crop diversification of the i household, Insui denotes the crop
insurance participation status of the i household, Xi is control variable, and εi is a random
disturbance term.

4.3. Measurement of Crop Diversification of Households

A dummy variable has been widely used to reflect crop diversification, but it can only
qualitatively indicate whether farmers have diversified crops or not, while the specific
degree of diversification cannot be described in detail. In view of this, four indicators
are used to characterize the degree of crop diversification of households, including the
maximization index (MI), Herfindahl index (HI), Simpson index (SI), and total entropy
index (TE), and the meaning of each indicator is as follows:

4.3.1. Maximization Index

MI. Specifically, the proportion of the largest crop type planted by the farmers to their
total planted area of all crops; MI ∈ [0, 1], MI A higher value indicates a higher degree of
crop specialization among farmers.

4.3.2. Herfindahl Index

HI = ∑ (αj/A)2. The Herfindahl index is a measure of the number of crops planted
by farmers, where αj indicates the area planted by the farmer for j crop, A indicates the total
area planted by the farmer for all crops, HI ∈ [0, 1], HI = 0 indicates the highest degree of
crop diversification, and HI = 1 indicates the highest degree of crop specialization with
only one type of crop planted by the farmer.

4.3.3. Simpson Index

SI = 1 − ∑ (αj/A)2SI ∈ [0, 1], SI = 0. indicates that the farmer grows only one type
of crop and SI = 1 indicates that the farmer has the highest degree of crop diversification.

4.3.4. Total Entropy Index

TE = ∑ (Sj ×
ln(1/Sj)

ln(n) × 100). Where, Sj = αj/A,n indicates the number of crop types
grown by the farmers; a larger TE means a higher degree of diversification and a lower
degree of specialization.

If both MI and HI are larger and both SI and TE are smaller than before participa-
tion in agricultural insurance, or if the insured farmers both MI and HI are larger and
both SI and TE are smaller than uninsured farmers, this simply supports that insurance
participation has an impact on farmers’ crop planting structure adjustment.

4.4. Estimation Methods

In general, whether farmers adjust their crop structure is not only related to their
individual resource endowment characteristics but also based on the expected benefits that
can be brought by adjusting their crop structure, so farmers’ adjustment of crop structure
may be a result of self-selection, which may result in self-selection bias if regressed directly.
In order to obtain the real difference, a possible method is to find the “counterfactual”
results, but the observational cross-sectional data can only show one type of status, i.e.,
insured or uninsured, and no strict counterfactual results can be found. The propensity
score matching (PSM) method proposed by Rosenbaum and Rubin (1983) allows for the
construction of counterfactual results under a large sample of cross-sectional data and has
been widely used in academia [43]. The main reason for endogeneity in the estimation of
Equation (1) is that insured and non-insured farmers may not have been randomly selected
and have systematic differences. In view of this, the propensity score matching method is
adopted to solve the self-selective bias problem. We attempt to find two groups of samples
that are as nearly random and compared as possible, based on characteristic variables,
which can be for causality test. The method in quantifying the impact of agricultural
insurance policies on the farmers’ planting structure, due to the lack of data on insured
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farmers in the case of their being uninsured, one alternative is to create a treatment group
of insured farmers whose main characteristics are as similar as possible to the control
group of uninsured farmers before their participation in agricultural insurance. Then, the
farmers in the treatment group are matched with the control group one by one so that
the paired farmers in the two sample groups differ only in whether they participate in
agricultural insurance or not but remain the same or similar in other aspects so that the
control group can simulate the “counterfactual situation” of the farmers in the treatment
group to the greatest extent possible. Finally, by comparing the crop planting structure
of the insured farmers before and after the implementation of the agricultural insurance
policy, the causal relationship between the agricultural insurance and the crop planting
structure of the farmers can be obtained. The specific steps of PSM are as follows.

The first step is to estimate the propensity score. The propensity score is given the sam-
ple characteristic Xi, the conditional probability of a farmer’s participation in agricultural
insurance p(Xi), i.e., p(Xi) = Pr(Di = 1|Xi) = E(Di|Xi) , this step is to construct a Logit or
Probit selection model for a farmer’s participation in agricultural insurance. Where Xi is a
vector of a set of farmer characteristic variables (i.e., matching variables) that may affect the
participation of farmers in agricultural insurance; Di denotes the observable participation
behavior of the farmers, if Di = 1, then the farmers participate in agricultural insurance, if
Di = 0, then the farmers do not participate in agricultural insurance.

In the second step, the average treatment effect ATT is estimated. Based on the propen-
sity score values, different matching weight algorithms (e.g., nearest neighbor matching,
local linear regression matching, radius matching, Mahalanobis matching, kernel matching,
etc.) are used to estimate the average treatment effect ATT of household participation in
agricultural insurance in the matching model, i.e., the difference between the crop diversifi-
cation index in the two cases of household participation in agricultural insurance and their
non-participation in agricultural insurance, specifically:

ATT ≡ E[I1i − I0i|Di = 1] = E{E[I1i|Di = 1, p(Xi)]− E[I0i|Di = 0, p(Xi)]|Di = 1} (2)

where I1i and I0i denote the crop diversification index of the same farmer under two
scenarios of whether to participate in agricultural insurance. In the PSM estimation, the
crop planting diversity index (mainly by the Herfindahl index) of farmers was estimated
ATT by five matching weight algorithms: nearest neighbor matching, local linear regression
matching, radius matching, Mahalanobis matching, and kernel matching. If the Herfindahl
index (HI) of ATT is significantly positive, it indicates that insurance participation has
a significant effect on farmers’ crop planting structure adjustment, thus suggesting that
insurance participation can increase the tendency of households to specialize and weaken
diversification behavior. It is important to note, in particular, that propensity score matching
can only mitigate the endogeneity problem due to observable variables and cannot deal
with endogeneity due to the most critical unobservable variables.

4.5. Variable Selection
4.5.1. Farmers’ Crop Diversification

The degree of crop diversification of households is the dependent variable in this
paper, which includes four types of indices, i.e., maximization index (MI), Herfindahl
index (HI), Simpson index (SI), and total entropy index (TE). The Herfindahl index is
chosen in the empirical estimation.

4.5.2. Agricultural Insurance Participation

Whether farmers participate in crop insurance or not is the independent variable of this
paper. If it takes the value of 1, farmers participate in crop insurance, and 0 otherwise. The
results of comparing the crop planting diversification index of the insured and uninsured
households are shown in Table 1. It shows that among 629 households, 416 households
participate in insurance, with a participation rate of 66.14%, and 213 households do not
participate in insurance; the participation rates of MI and HI of the insured households are
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0.78 and 0.72, both lower than the uninsured households, indicating that the degree of crop
specialization of the insured households is lower than that of the uninsured households;
0.28 and 49.38 for SI and TE of the insured households, both higher than that of the
uninsured households, indicating that the degree of crop diversification of the insured
households is higher than that of the uninsured households. Therefore, it is clear from the
questionnaire survey that the participation of farmers in crop insurance has not led to more
specialization in their agricultural production.

Table 1. Comparison of crop diversification between insured and non-insured households.

Whether to Participate
in Insurance Observations MI HI SI TE

Insured Households 416 0.78 0.72 0.28 49.38
Non-insured Households 213 0.82 0.78 0.22 37.25

4.5.3. Control Variables

As mentioned in the previous section, farmers’ planting decisions are a series of
choices regarding planting varieties, planting areas, and planting methods based on the
profit maximization objective under the constraints of three types of factors: land, labor, and
capital. Therefore, this paper refers to the existing literature to introduce factors including
individual-level characteristics, household-level characteristics, agricultural production
resource endowment, and regional attributes of the farmers to reduce estimation bias [44].
The variable definition and descriptive analysis are shown in Table 2. Individual charac-
teristics include some demographic characteristics, such as age and years of education.
Table 2 shows that the mean age is 51, and insured households are commonly younger than
non-insured households. The mean years of education are close to 7 years, suggesting that
most farmers only have primary or junior high school education, and the insured house-
holds are 0.35 years higher than the non-insured households. Household characteristics
include whether there is a cadre in the family and the proportion of family labor aged 16 to
60. We find that 4% of households have cadres, and insured households have more cadres
than non-insured households; the proportion of the family labor force on average is 72%,
and the non-insured households are significantly lower than that of insured households.
Agricultural production resource endowment includes farmland area, farmland quality,
agricultural income share, whether the household has borrowed money or not, the types of
livestock kept by the household, the number of agricultural production disasters, tempera-
ture, precipitation, etc. The average farmland area of the surveyed farmers is 51.29 mu, and
about 55% of farmland is irrigated. The farmland area of insured households is 12 mu more
than that of non-insured households, and the proportion of irrigated land is 5% higher.
The average share of agricultural income is 63%, indicating that agricultural income is
the main source of family income, and insured households are 6% higher than that of
non-insured households. About 80% of farmers borrowed money, including 79% of insured
households and 82% of non-insured households. The number of agricultural production
disasters and the types of livestock raised by the insured households are higher than those
of the non-insured households. We add temperature and precipitation as climate change
indicators. It shows that farmers in areas with high temperatures and low precipitation
are more likely to be insured. In addition, this paper divides the households into three
categories according to the administrative regions of Inner Mongolia, China: East, Central,
and West. The results are shown in Figure 4, which shows that the degree of specialization
of crops is “East > Central > West” (the eastern region of Inner Mongolia, China, includes
Hulunbeier, Xing’an League, Tongliao, and Chifeng. The central region includes Hohhot,
Ulanqab, Xilin Gol League, Ordos, and Baotou. The western region includes Bayannur,
Wuhai, and Alashan) and the degree of specialization of uninsured households is higher
than that of insured households.
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Table 2. Variable definition and descriptive analysis.

Variable Meaning
All Households Insured Households Non-Insured Households

Mean S.D. Mean S.D. Mean S.D.

Maximization Index (MI) Actual calculation data 0.79 0.22 0.78 0.22 0.82 0.23
Herfindahl Index (HI) Actual calculation data 0.74 0.26 0.72 0.26 0.78 0.27
Simpson Index (SI) Actual calculation data 0.26 0.26 0.28 0.26 0.22 0.27
Total Entropy Index (TE) Actual calculation data 45.27 43.08 49.38 42.49 37.25 43.19
Farmers’ age Unit: years 50.94 10.62 50.63 10.64 51.53 10.58
Years of education Unit: years 6.61 2.81 6.73 2.78 6.38 2.86
Family cadre Yes = 1; No = 0 0.04 0.21 0.05 0.22 0.03 0.18
Household labor force
ratio

Proportion of labor
force aged 16 to 60 0.72 0.25 0.73 0.25 0.70 0.26

Farmland area Unit: mu 51.29 101.96 55.54 115.84 43.28 66.51

Farmland quality
Area of irrigated
farmlands/Area of all
farmlands

0.55 0.44 0.57 0.44 0.52 0.44

Share of agricultural
income Actual calculation data 0.63 0.28 0.65 0.28 0.59 0.28

Household borrowing Yes = 1; No = 0 0.80 0.40 0.79 0.41 0.82 0.39
Types of livestock raised
by households Actual calculation data 1.52 1.19 1.59 1.18 1.38 1.20

Number of agricultural
production disasters Actual survey data 2.97 1.81 3.06 1.81 2.79 1.82

Temperature
Mean annual
temperature in 2017,
unit: ◦C

7.59 2.16 7.75 1.86 7.28 2.62

Precipitation Annual precipitation
in 2017, unit: mm 281.26 121.39 270.36 123.17 302.55 115.16

Eastern Region Yes = 1; No = 0 0.43 0.50 0.37 0.48 0.55 0.50
Central Region Yes = 1; No = 0 0.34 0.48 0.37 0.48 0.30 0.46
Western Region Yes = 1; No = 0 0.22 0.42 0.26 0.44 0.15 0.36
Observations 629 416 213
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Figure 4. Comparison of crop diversification between participating and non-participating households
in different regions.

4.6. Mechanism Test

As discussed in the previous section, it is possible to find grain production trends or
non-grain production in farmers’ agricultural production. In this paper, we construct the
following model to identify the impact of insurance participation on grain planting behavior:

ln(1 + grainareai) = β0 + β1 Insui + β2Xi + δi (3)
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where grainareai denotes the area sown to the three major grain crops by the i farmer, and
the other variables are defined in the same way as in model (1).

5. Analysis of Empirical Results
5.1. Basic Regression Results

Table 3 reports the baseline regression results of the effect of crop insurance partici-
pation on the planting structure, where model 1 is the regression result without control
variables; model 2 includes variables for individual-level demographic characteristics; and
model 3 adds to regional dummy variables and control variables reflecting household-level
characteristics and agricultural production resource endowment.

Table 3. Baseline regression results of the effect of crop insurance participation on crop diversification
of farmers.

Variables

Model 1 Model 2 Model 3

Marginal
Effects

Standard
Error

Marginal
Effects

Standard
Error

Marginal
Effects

Standard
Error

Crop insurance participation −0.0606 *** 0.0220 −0.0599 *** 0.0218 −0.0325 ** 0.0210
Farmers’ age −0.0036 *** 0.0010 −0.0038 *** 0.0010
Years of education −0.0012 0.0039 −0.0032 0.0037
Family cadre −0.0635 0.0500 −0.0212 0.0471
Household labor force ratio −0.0785 * 0.0416 −0.0627 * 0.0392
Farmland area −0.0156 * 0.0119
Farmland quality 0.1528 *** 0.0248
Share of agricultural income −0.0736 * 0.0406
Household borrowing −0.0420 * 0.0247
Types of livestock raised by
households −0.0320 *** 0.0088

Number of agricultural
production disasters −0.0070 0.0055

Temperature −0.0161 *** 0.0051
Precipitation 0.0003 *** 0.0001
Regional dummy variables No No Yes
Observations 629 629 629

Note: *, **, *** denote significant at the 10%, 5%, and 1% levels, respectively.

The regression results of models 1–3 consistently show that participation in crop insur-
ance significantly reduces the level of specialization in agricultural production. Specifically,
holding other factors constant, participation in insurance reduces the Herfindahl index of
agricultural production by 3 to 6 percentage points. In addition, the significance of the
coefficients of the control variables in the regression results is generally in line with expecta-
tions and reality. The results show that farmers who are older, have a higher proportion of
family labor, have more farmland, have a larger share of agricultural income, do not have
borrowing in the household, and have more types of livestock raised by the household tend
to diversify their cultivation, while farmland quality contributes to increased specialization,
and that temperature and precipitation have an opposite influence on diversification of
farmers. Older farmers are more experienced in farming, have more comprehensive in-
formation on agricultural production resources, and are usually risk averse. In order to
avoid production risks, they are more likely to try to plant multiple crops, and the level of
production specialization is low. The two variables of years of education and family cadres
are basically insignificant. The higher the household labor force ratio, the lower the level of
specialization, which may be due to the fact that farmers need to invest more labor in choos-
ing diversified planting. More family labor is conducive to diversified planting. The larger
the farmland area and the main household income from agriculture, the more likely that
farmers will increase the types of crops to make full use of the land in order to maximize
their income, and diversified cultivation is conducive to reducing the loss of agricultural
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income due to climate change or natural disasters, so they will choose to diversify their
cultivation. No borrowing in the household increases the degree of diversification because
specialized cultivation is often accompanied by large-scale production, and no borrowing
in the household may be due to a lack of funds for large-scale cultivation. The types of
livestock raised by households promote the diversified planting behavior of farmers. The
possible explanation is that with the increase in the types of livestock raised by households,
the possibility of farmers choosing non-agricultural employment is reduced, and they
will pay more attention to the benefits of agricultural production. Therefore, it may be
necessary to take into account both food and feed to ensure a virtuous cycle of planting and
breeding, which in turn promotes diversified planting behavior. The relationship between
the number of agricultural production disasters and planting structure is not significant.
The higher quality of farmland, to a certain extent, can lead to the promotion of large-scale
specialized planting methods. The temperature and precipitation variables, which repre-
sent climate change, have opposite effects on planting behavior. The existing literature
shows that there is a scenario-dependent relationship between climate change and farmers’
planting behavior in China’s land conditions, i.e., climate change promotes diversification
of planting behavior only in the scenario of a low degree of land fragmentation.

5.2. PSM Estimation Results

According to the previous analysis, theoretically, there is a reciprocal relationship be-
tween farmers’ participation in crop insurance and their agricultural production behavior,
and farmers’ agricultural production behavior affects their choices of insurance varieties,
insured area, and coverage level, while participation in insurance also affects farmers’
production behavior such as crop acreage selection and planting structure adjustment, so
the reverse causality between them may lead to endogeneity problems in the basic model
estimation. In addition, there are many factors affecting farmers’ planting behavior, some
of which may also affect farmers’ participation in crop insurance, and if these factors are
not included in the model, resulting in the independent variables being correlated with the
nuisance terms, the endogeneity problem will also arise. In view of this, the estimation of
the baseline model by OLS will not yield consistent estimates, so the PSM method is used
in this paper to deal with the endogeneity problem in order to obtain consistent parameter
estimates. Table 4 shows the PSM regression results of the effect of crop insurance participa-
tion on planting structure, using a five-category matching strategy, which shows that after
eliminating systematic differences between participating and non-participating insurance
households, insurance participation significantly reduces the specialization of households’
agricultural production at the 5% level, i.e., insurance participation promotes households’
crop planting structure adjustment, and further, in terms of the average treatment effect of
the treatment groups, the adjustment effect of insurance participation on farmers’ planting
structure is concentrated at the level of 0.03~0.05. In other words, all other factors being
equal, the level of crop specialization is about 3–5 percentage points lower among the par-
ticipating households than the non-participating households. This indicates that insurance
participation does not lead to more specialization in agricultural production, but rather,
there is a complementary effect between insurance participation and crop diversification.
The possible reason for the complementary effect between insurance participation and
crop diversification is that the existing insurance products are not sufficient to fully satisfy
the risk coverage needs of farmers, which leads them to choose a diversified approach to
agricultural risk management.
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Table 4. PSM regression results for the effect of crop insurance participation on crop diversification.

Matching Method
Degree of Crop Cultivation Diversification (HI)

Standard
Error

Common Support Sample Size

Treatment
Group

Control
Group ATT Treatment

Group
Control
Group

Nearest Neighbor Matching (1:1) 0.7197 0.7592 −0.0394 0.0307 416 213
Nearest Neighbor Matching (1:2) 0.7197 0.7666 −0.0469 ** 0.0273 416 213
Nearest Neighbor Matching (1:3) 0.7197 0.7596 −0.0398 ** 0.0265 416 213
Partial Linear Regression Matching 0.7197 0.7487 −0.0290 ** 0.0241 416 213
Radius Matching 0.7202 0.7658 −0.0457 ** 0.0255 409 206
Mahalanobis Matching 0.7197 0.7562 −0.0364 ** 0.0305 416 213
Nuclear Matching 0.7197 0.7550 −0.0353 ** 0.0235 416 213

Note: Least-nearest-neighbor matching takes a put-back approach; in local linear regression matching and kernel
matching, the kernel function is normal; in radius matching, the radius is chosen as 0.01. ** denotes significant at
the 5% level.

Regarding the matching effect of the matching model, Figure 5 presents the kernel
density plots of the propensity score values of the treatment group and the control group
before and after matching. After matching, the distribution of propensity scores of the two
groups is very close to each other, indicating that the matching effect is good.
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5.3. Heterogeneity Analysis

A previous paper tested the role of crop insurance participation on farmers’ plant-
ing structure adjustment, and then heterogeneity analysis was conducted according to
household income structure, farmland area, and type of grain farmers. Household in-
come structure is chosen as a criterion because the dependence on farmland as a factor of
production varies among households with different income structures, so there may be
heterogeneity in crop planting structure decisions. The choice of farmland area as another
classification criterion is due to the fact that households with different farmland areas
have different degrees of scale of agricultural production, so their crop planting structure
decisions may be heterogeneous. The type of grain farmers is chosen because different
types of farmers differ in grain production, and coupled with the difference in the level of
insurance coverage for different varieties of crops, the crop planting structure decisions of
farmers may be significantly different.

5.3.1. Sub-Income Structure

The sample was divided into low, medium, and high categories according to the
agricultural income share of households, where the low category means agricultural income
share ≤ 1/3, the medium category means 1/3 < agricultural income share ≤ 2/3, and the
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high category means 2/3 < agricultural income share ≤ 1, where the control variable of
household agricultural income share is excluded, and the results are estimated by the PSM
method, as shown in Table 5, which shows that the participation of farm households with
agricultural income share at low and medium levels in crop insurance significantly reduces
their production specialization at the 5% level, and the effect of insurance participation
on the adjustment effect of insurance participation on planting structure is concentrated
at the level of 0.01–0.08, i.e., under the same conditions of other factors, the crop planting
specialization level of participating insurance households is about 1–8 percentage points
lower than that of non-participating insurance households, indicating that the lower the
agricultural income share of households, the higher the degree of diversification of their
agricultural production.

Table 5. PSM regression results for the effect of crop insurance participation on farm diversification
under different income structures.

Matching Method Low (Share ≤ 1/3) Medium (1/3 < Share ≤ 2/3) High (2/3 < Share ≤ 1)

ATT Standard Error ATT Standard Error ATT Standard Error

Nearest Neighbor Matching (1:1) −0.0648 ** 0.0632 −0.0490 * 0.0701 −0.0015 0.0481
Nearest Neighbor Matching (1:2) −0.0585 ** 0.0574 −0.0103 ** 0.0594 −0.0018 0.0426
Nearest Neighbor Matching (1:3) −0.0606 ** 0.0526 −0.0510 ** 0.0551 0.0086 0.0411
Partial Linear Regression
Matching −0.0823 ** 0.0486 −0.0501 * 0.0466 −0.0148 0.0359

Radius Matching −0.0534 0.0570 −0.0505 * 0.0533 −0.0133 0.0433
Mahalanobis Matching −0.0004 0.0622 −0.0633 * 0.0526 −0.0341 ** 0.0435
Nuclear Matching −0.0803 ** 0.0477 −0.0589 * 0.0454 −0.0126 0.0353

Note: Least-nearest-neighbor matching takes a put-back approach; in local linear regression matching and kernel
matching, the kernel function is normal; in radius matching, the radius is chosen as 0.01. * and ** denote significant
at the 10% and 5% levels, respectively.

5.3.2. Sub-Farmland Area

The sample was divided into three categories: small-scale, medium-scale, and large-
scale, where small-scale means farmland area ≤ 15 mu, medium-scale means 15 < farmland
area ≤ 50 mu, and large-scale means farmland area > 50 mu. The results are shown
in Table 6, where the control variables of household farmland area are excluded and
estimated by the PSM method. However, the adjustment effect of insurance participation
on planting structure varies depending on the size of farmland, with small-scale farmers’
participation in insurance increasing their specialization in agricultural production by
0.003–0.069, medium-scale farmers’ reduction concentrated in 0.02–0.05, and large-scale
farmers’ reduction concentrated in 0.01–0.14, indicating that the effect of participation in
crop insurance on large-scale farmers’ adjustment of planting structure is more obvious.
The possible reason is that large-scale farmers will enter the farmland transfer market due
to the risk protection provided by insurance, especially by transferring into farmland to
expand their business area, i.e., there is a scale effect [45]. According to the field survey,
60.76% (96 households) of the 158 large-scale farmers have transferred farmland, and the
average area transferred is about 110 mu. Meanwhile, among large-scale farmers, 0.69 of HI
have transferred farmland and 0.73 of HI have not transferred farmland, i.e., the transfer
of farmland may reduce the production specialization level of large-scale farmers and
make their operation more diversified, which also indicates that large-scale farmers usually
consider planting low-value-added crops and high-value-added crops in an integrated
manner in order to reasonably transfer their business risks in agricultural production.
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Table 6. PSM regression results for the effect of crop insurance participation on farm diversification
under different farmland sizes.

Matching Method
(Small-Scale 0 ≤ Area ≤

15 mu)
(Medium-Scale 15 < Area ≤

50 mu) (Large-Scale Area > 50 mu)

ATT Standard Error ATT Standard Error ATT Standard Error

Nearest Neighbor Matching (1:1) 0.0027 * 0.0586 −0.0304 0.0481 −0.1015 0.0887
Nearest Neighbor Matching (1:2) 0.0125 * 0.0564 −0.0214 0.0422 −0.1363 * 0.0782
Nearest Neighbor Matching (1:3) 0.0355 0.0545 −0.0363 0.0406 −0.0828 * 0.0727
Partial Linear Regression Matching 0.0486 * 0.0463 −0.0216 * 0.0361 −0.0680 * 0.0546
Radius Matching 0.0685 * 0.0524 −0.0323 0.0387 −0.0133 * 0.0666
Mahalanobis Matching 0.0534 0.0534 −0.0515 ** 0.0420 −0.1432 ** 0.0705
Nuclear Matching 0.0446 0.0461 −0.0333 * 0.0354 −0.0929 * 0.0567

Note: Least-nearest-neighbor matching takes a put-back approach; in local linear regression matching and kernel
matching, the kernel function is normal; in radius matching, the radius is chosen as 0.01. * and ** denote significant
at the 10% and 5% levels, respectively.

5.3.3. Sub-Grain Farmers Type

Generally speaking, there is a broad and narrow sense of grain; the broad sense
includes rice, wheat, corn, soybeans, potatoes, sorghum, and other miscellaneous grains;
the narrow sense often refers to grains, especially rice, wheat, and corn. Therefore, in
this paper, the sown area of the three major crops of rice, wheat, and corn is used as
an indicator to measure farmers’ grain planting, among which farmers who only grow
grain crops and do not grow economic crops are defined as pure grain farmers, with
223 households; farmers who grow both grain crops and economic crops but the sown area
of the former is greater than or equal to the latter are defined as grain-based farmers, with
156 households; and farmers who grow both grain crops and economic crops but the former
less than the latter were defined as grain-subsidized households, with 250 households.
The results, estimated by the PSM method, are shown in Table 7, which shows that for
pure grain farmers, participation in crop insurance significantly reduces their production
specialization at the 1% or 5% level, and the adjustment effect of insurance participation on
farmers’ planting structure is concentrated at the level of 0.03–0.04, i.e., all other factors
being equal, the level of crop specialization of participating insurance households is about
3–4 percentage points lower than that of non-participating insurance households. This
indicates that the larger the grain area of households, the higher the degree of diversification
of their agricultural production. The possible reason is that the differences in coverage
levels and premium subsidies of different types of grain crop insurance, together with the
differences in expected returns, prompt farmers to adjust their choice of grain varieties and
area decisions. In addition, for both grain-based and grain-subsidized farmers, participation
in crop insurance reduces their production specialization, but the effect is not significant.

Table 7. PSM regression results of the effect of crop insurance participation on the diversification of
their planting under different types of grain farmers.

Matching Method
Pure Grain Farmers Grain-Based Farmers Grain-Subsidized Farmers

ATT Standard Error ATT Standard Error ATT Standard Error

Nearest Neighbor Matching (1:1) −0.0409 ** 0.0215 −0.0155 * 0.0480 −0.0984 0.0616
Nearest Neighbor Matching (1:2) −0.0337 ** 0.0191 −0.0213 0.0396 −0.0839 0.0606
Nearest Neighbor Matching (1:3) −0.0360 ** 0.0185 −0.0074 0.0378 −0.0753 0.0562
Partial Linear Regression Matching −0.0362 *** 0.0167 −0.0090 0.0351 −0.0144 0.0460
Radius Matching −0.0377 *** 0.0191 −0.0279 * 0.0408 −0.0649 0.0552
Mahalanobis Matching −0.0389 ** 0.0179 −0.0101 0.0382 −0.0522 0.0515
Nuclear Matching −0.0353 *** 0.0168 −0.0168 0.0351 −0.0349 0.0459

Note: Least-nearest-neighbor matching takes a put-back approach; in local linear regression matching and kernel
matching, the kernel function is normal; in radius matching, the radius is chosen as 0.01. *, **, *** denote significant
at the 10%, 5%, and 1% levels, respectively.



Agriculture 2024, 14, 41 17 of 21

5.4. Mechanism Test

In order to reveal how participation in crop insurance affects farmers’ grain growing
behavior, the PSM method is estimated in this paper for all farmers and all types of grain
farmers, respectively, and the results are shown in Table 8, which shows that participation
in crop insurance significantly motivates farmers to expand the sown area of the three
major grain crops at the 5% or 10% level, although the effect is small, indicating that
insurance participation causes farmers’ agricultural production to have a grain production
trend characteristic. Specifically, all other factors being equal, participating households
increase the sown area of the three major grain crops by about 0.13–0.23% compared to non-
participating households. In addition, the effect of insurance participation on farmers’ grain
planting behavior is characterized by heterogeneity, especially the most pronounced effect
on grain-subsidized farmers, with an incentive effect of about 0.16% to 0.35%. This paper
suggests two possible explanations: first, pure grain farmers and grain-based farmers may
not readily adjust their crop planting structure due to the adjustment costs and adjustment
risks associated with asset specialization; second, there are differences in the insurance
coverage levels of different crop varieties in Inner Mongolia, and the insurance coverage
levels of most grain crops are higher than those of economic crops, which, to a certain
extent, attracts grain-subsidized farmers to switch to grain crops.

Table 8. PSM regression results for the impact of crop insurance participation on households’ grain
crop planting.

Matching Method
All Farmers Pure Grain Farmers Grain-Based Farmers Grain-Subsidized

Farmers

ATT Standard
Error ATT Standard

Error ATT Standard
Error ATT Standard

Error

Nearest Neighbor Matching (1:1) 0.2010 0.1546 −0.0423 * 0.2052 0.1287 ** 0.2125 0.3492 *** 0.2389
Nearest Neighbor Matching (1:2) 0.2277 * 0.1457 −0.0609 0.1663 0.0863 * 0.2170 0.3468 ** 0.2208
Nearest Neighbor Matching (1:3) 0.1982 * 0.1380 −0.0325 0.1553 0.2113 * 0.2024 0.3164 * 0.2287
Partial Linear Regression Matching 0.1312 * 0.1289 0.0765 0.1422 0.2825 0.1804 0.1598 * 0.2108
Radius Matching 0.1791 * 0.1317 −0.0522 * 0.1755 0.1236 0.1778 0.3296 ** 0.2316
Mahalanobis Matching 0.1066 0.1599 0.1066 0.1724 0.2221 0.1902 0.2011 ** 0.2453
Nuclear Matching 0.1348 * 0.1263 0.0720 0.1404 0.2310 0.1809 0.2295 * 0.2069

Note: Least-nearest-neighbor matching takes a put-back approach; in local linear regression matching and kernel
matching, the kernel function is normal; in radius matching, the radius is chosen as 0.01. *, **, *** denote significant
at the 10%, 5%, and 1% levels, respectively.

6. Conclusions and Policy Implications

As an important financial tool of agricultural policy, our findings confirm that the
development of China‘s agricultural insurance has made great achievements since the
new century and has a positive impact on promoting the high-quality development of
agricultural insurance and ensuring national food security. This paper examines the impact
of crop insurance policy on farmers’ planting structure and theoretically analyzes why
and how participation in crop insurance affects farmers’ planting structure and grain
growing behavior, taking Inner Mongolia, the main grain-producing area in northern
China, as an example. The empirical test is carried out through the field survey data of
629 farmers. The main research findings are: first, farmers’ participation in materialized cost
insurance will significantly affect their crop planting structure, especially by reducing the
level of specialization in agricultural production. This finding holds true when endogeneity
is addressed using propensity score matching; all other factors being equal, the level
of crop specialization is about 3% to 6% lower for insured households than uninsured,
and there is a complementary effect between farmers’ participation in insurance and
their diversification. It is different from the results of existing studies [20]; as mentioned
earlier, the actual level of coverage of materialized cost insurance studied in this paper
is low and insufficient to have a positive impact on the specialization of agricultural
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cultivation of general farmers. Therefore, agricultural insurance meets the risk coverage
needs of farmers who wish to specialize in planting, but the limited level of coverage
fails to play a role in promoting the specialization of planting behavior. Second, there are
differences in the effects of different types of farmers’ participation in crop insurance on
their agricultural production structure. Participation in insurance significantly reduces
the degree of production specialization for farmers with low and medium agricultural
income share; participation in insurance has a more pronounced effect on the large-scale
farmers’ adjustment of planting structure; for pure grain farmers, participation in insurance
reduces their crop specialization by about 3 to 4 percentage points. Third, participation
in agricultural insurance will stimulate farmers to expand the sown area of the three
major grain crops, but the effect is small, and the sown area of the three major grain crops
increases by about 0.13–0.23% more for participating households than non-participating,
all other factors being equal. This suggests that insurance participation will lead to the
grain production trend in agricultural production.

Based on the above region-specific research findings, mainly considering the main
grain-producing areas in the north, which are homogeneous with Inner Mongolia, China,
this paper proposes the following policy inspirations. First, due to the low level of ma-
terialized cost insurance coverage, it has not been possible to promote the specialization
of agricultural production. Therefore, guide farmers to adjust the crop planting structure
through the high-quality development of agricultural insurance, including expanding
the coverage of agricultural insurance, increasing the number of insurance types, and
improving the insurance coverage level so as to encourage farmers to adjust agricultural
production to specialization. Second, agricultural insurance products are more targeted and
differentiated. The effect of participation in crop insurance on farmers’ planting structure
adjustment and grain growing behavior will be heterogeneous depending on the type of
farmers. Agricultural insurance should reflect more suitability of different agricultural
business subjects and the same business subject of different insurance objects. Increase the
precision of support for grain farmers and large-scale farmers. Third, expand the pilot scope
of two types of insurance with high coverage levels, namely, complete cost insurance and
planting income insurance for grain crops, and gradually replace materialized cost insur-
ance, expand from main grain crops to non-main grain crops, from large grain-producing
provinces to non-grain-producing provinces, and from large grain-producing counties to
non-grain-producing counties. Then, improve the enthusiasm of farmers to participate in
insurance. Fourthly, it is necessary to strengthen the awareness of “large-scale farmers” and
“grain growers” of complete cost insurance and income insurance. For a long time, China
has implemented the agricultural insurance system of “low protection, low compensation,
and wide coverage”, and the majority of farmers have a low awareness of the complete
cost insurance and income insurance of “high protection and high compensation”, which,
to a large extent, affects the changes in their production behavior after participating the
insurance. Therefore, in the future, it is necessary to make farmers understand complete
cost insurance and income insurance comprehensively through extensive publicity and
special education and to clarify the essential differences between the materialized cost
insurance and the complete cost and income insurance. Make more farmers, especially
“large-scale farmers” and “grain growers”, actively participate in insurance and integrate
into specialized agricultural production.

We recognize that our main results are based on a specific insurance policy (materi-
alized cost insurance) and a specific area (Inner Mongolia, China). Therefore, our study
has some limitations. First, although the area of investigation is a major grain-producing
province, it is only one of the 13 major grain-producing provinces in China. Second, the
sample size is 629 households, which is relatively small, and cross-sectional data are used
instead of panel data, which may not be comprehensive enough for the dynamic analysis
of the relationship between agricultural insurance policy and farmers’ production behavior.
Third, the propensity score matching method chosen in our paper to estimate the causal
relationship between insurance participation and crop planting behavior only mitigates the
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problem of endogeneity due to observable variables rather than unobservable variables. We
acknowledge that extrapolation of our findings to areas beyond our study region should be
made with caution. Indeed, further impact analyses will help to generalize the results more
broadly. However, this research provides an important first step. If the materialized cost
insurance in Inner Mongolia has a positive impact on farmers’ grain planting behavior, then
the subsequent high coverage level agricultural insurance policies piloted may deepen this
effect, which is likely to be studied in the near future. Hence, further research is still needed
to use panel data, expand the sample area, optimize the model, and replace materialized
cost insurance with agricultural insurance products characterized by high coverage levels.
It will help to reveal the dynamic causal relationship between agricultural insurance and
farmers’ behavior in China.
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