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Introduction: Agricultural insurance has become a vital instrument in risk 
diversification, loss compensation, and farmer support, with China emerging as 
the largest agricultural insurance market globally by premium volume. However, 
the extent to which agricultural insurance influences grain production scale and 
the underlying mechanisms remain insufficiently explored.

Methods: Differentiating itself from previous studies, this paper conducts a rigorous 
theoretical and empirical analysis of how agricultural insurance affects grain 
planting scale. It further examines the mediating role of farmers’ income in this 
process, providing novel insights into the complex dynamics between agricultural 
insurance and production behavior. This study applies the von Neumann-
Morgenstern expected utility model, coupled with theories on economies of 
scale, technology diffusion, and rational choice, to examine the theoretical links 
between agricultural insurance, farmers’ income, and grain production scale.

Results: Using panel data from 27 Chinese provinces between 2011 and 2021, 
analyzed through fixed-effects and mediation models, the study finds that 
agricultural insurance positively, albeit moderately, impacts the scale of grain 
production, with farmers’ income serving as a partial mediating factor.

Discussion: Based on these findings, we  recommend expanding agricultural 
insurance coverage, developing a multi-level insurance framework, and 
enhancing insurance protection levels to bolster sustainable agricultural 
development and food security in China.
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1 Introduction

This article investigates how agricultural insurance influences the scale of grain planting, 
with a specific focus on the mediating role of farmers’ income in this relationship. Agricultural 
insurance plays a pivotal role in mitigating agricultural risks, compensating for disaster-related 
losses, facilitating capital flow, and promoting disaster prevention and mitigation. As an 
essential mechanism for risk transfer, agricultural insurance provides critical support and 
benefits to farmers (Tuo and Feng, 2024). Globally, nearly 100 countries have implemented 
agricultural insurance programs, with market scale expanding steadily (Liu and Dong, 2017). 
China, in particular, has been actively advancing its agricultural insurance initiatives. Since 
the early 21st century, China’s agricultural insurance sector has grown rapidly, especially 
following the introduction of an agricultural insurance premium subsidy policy in 2007. This 
policy has driven sustained increases in both premium volume and coverage. By 2020, China 
had surpassed the United States in agricultural insurance premiums, making it the largest 
agricultural insurance market worldwide. In tandem with the growth of agricultural insurance, 
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China’s agricultural sector has undergone notable transformations, 
marked by advancements in modernization, steady improvements in 
sustainable practices, a stable and diversified supply of essential 
agricultural products, and the gradual establishment of a modern 
agricultural system (Tuo, 2021). However, the extent to which the 
expansion of agricultural insurance affects the scale of grain 
cultivation—and the mechanisms through which such an impact may 
occur—remains unclear. This study, therefore, aims to examine the 
effects of agricultural insurance on the scale of grain cultivation in 
China, with a particular focus on the mediating role of farmers’ income.

The existing literature extensively examines the effects of agricultural 
insurance on agricultural production inputs, focusing primarily on three 
areas. First, numerous studies explore how agricultural insurance 
influences the use of chemical inputs, such as pesticides and fertilizers 
(Babcock and Hennessy, 1996; Smith and Goodwin, 1996; Möring et al., 
2020). Second, there is substantial discussion on the role of agricultural 
insurance in technology adoption, particularly in relation to the use of 
agricultural machinery and advanced farming technologies 
(Lithourgidis et al., 2011; Roll, 2019). Third, although some research 
investigates the effect of agricultural insurance on the overall scale of 
agricultural production, these studies often fail to explore the specific 
mechanisms by which agricultural insurance affects the scale of grain 
cultivation (Ye et al., 2020; Yu et al., 2018). In response to these gaps, this 
paper investigates the impact of agricultural insurance on land input as 
a key component of agricultural production. Theoretically, it explores 
the relationships among agricultural insurance, farmers’ income, and the 
scale of grain cultivation. Empirically, it analyzes provincial panel data 
from China covering the period from 2011 to 2021 to provide insights 
into these relationships.

This paper makes three primary contributions. Firstly, it provides 
a theoretical clarification of the relationship between agricultural 
insurance, farmer income, and the scale of grain cultivation. Unlike 
prior studies, this paper employs the Von Neumann-Morgenstern 
Expected Utility Model (Von Neumann and Morgenstern, 1944) to 
construct a utility model for grain cultivation from a farmer’s 
perspective, thereby analyzing the linkage between agricultural 
insurance and farmer income. Additionally, it investigates the 
theoretical mechanisms through which farmer income influences the 
scale of grain cultivation, incorporating concepts from scale 
economies (Marshall, 1890), technology diffusion theory (Rogers, 
1962), and rational choice theory (Simon, 1955). This approach 
establishes a robust theoretical foundation for the study. Secondly, this 
paper examines the influence mechanism of agricultural insurance 
with farmer income as a mediating variable, integrating both 
theoretical and empirical analysis. While existing literature has rarely 
explored how agricultural insurance affects grain cultivation scale 
through specific mechanisms, focusing instead on aspects like 
premium subsidies or factor allocation, this paper hypothesizes that 
farmer income serves as a mediating variable in this relationship. 
Empirical testing supports this hypothesis, revealing that agricultural 
insurance influences grain cultivation scale by affecting farmer 
income. Thirdly, although provincial panel data cannot capture 
individual farmer-level details as micro-level cross-sectional data 
might, it provides a broader perspective on socio-economic trends 
over time. The objectivity and comprehensiveness of panel data 
enhance the reliability of the empirical findings, making them more 
representative of actual conditions in the study of agricultural 
insurance and grain cultivation scale.

The structure of this paper is as follows: Section 2 reviews the 
relevant literature, Section 3 presents the theoretical framework and 
research hypotheses, Section 4 outlines the research design, Section 5 
discusses the empirical results, and Section 6 concludes with 
policy implications.

2 Literature review

The impact of agricultural insurance on the scale of agricultural 
production has received considerable scholarly attention. Existing 
literature explores this topic primarily from three perspectives:

Agricultural insurance exerts a significant influence on farmers’ 
production behavior. Scholars generally agree that agricultural 
insurance can influence farmers’ decision-making, particularly 
regarding critical production inputs. For example, Li et al. (2022) 
found that agricultural insurance can reduce the use of chemicals, 
such as pesticides, in farming. Similarly, Fang et  al. (2021) 
demonstrated that agricultural insurance positively affects green 
inputs, promoting environmentally sustainable practices in 
agricultural production. Suchato et  al. (2022) found that crop 
insurance can incentivize irrigation, especially when irrigation costs 
are high, although it may also introduce moral hazard risks. With 
regard to production scale, Enjolras and Sentis (2011) found that 
agricultural insurance encourages farmers to expand their production 
scale, as insured farms typically exhibit larger scales and greater 
diversity of production, especially in response to catastrophic climate 
events. Zou et al. (2022) further indicated that agricultural insurance 
can enhance labor productivity and increase per capita arable land 
area, thus supporting specialized cultivation practices. Additionally, 
Fu et al. (2024a) observed that agricultural insurance has a significant 
impact on the scale of agricultural inputs, including land and other 
resources. Conversely, some studies have reported negative impacts of 
agricultural insurance on production scale. For instance, Li et  al. 
(2019) noted that agricultural insurance could negatively affect 
agricultural production in pre-disaster contexts. Similarly, Sakurai and 
Reardon (1997) identified a substitution effect in drought insurance, 
where large livestock farms may reduce herd size as an alternative to 
relying on drought insurance. These mixed findings suggest that the 
impact of agricultural insurance on production scale remains 
inconclusive, highlighting a need for further investigation into the 
conditions and mechanisms that mediate this relationship.

Understanding how agricultural insurance policies influence 
changes in crop cultivation scale and structure is a critical research 
area. This section analyzes the impact of policy adjustments on these 
aspects. Young et  al. (2001) found that crop insurance subsidies 
increase both cultivated area and production. However, due to the low 
demand elasticity of major crops, these subsidies also lead to reduced 
market returns for farmers. Goodwin et al. (2004) further support this 
finding, noting that while increased participation in crop insurance 
programs and enhanced subsidies expand cultivated areas, the 
resulting lower market returns partially offset the financial benefits of 
these subsidies. Adkins et al. (2020) analyzed the “prevented planting” 
provisions within the U.S. crop insurance program, highlighting how 
farmers’ risk preferences and coverage levels influence planting 
decisions. Specifically, risk-averse farmers are more likely to opt for 
prevented planting options that offer full compensation, providing 
economic security when faced with uncertainty. However, if the 
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coverage level of prevented planting is reduced, farmers may be less 
inclined to forgo planting due to the decreased compensation for 
potential losses, thereby increasing their financial risk. Shi et al. (2020) 
studied the effects of crop insurance on specialty crop acreage and 
production in California, finding that insurance can influence growers’ 
responses to climate and soil conditions. Notably, moral hazard effects 
associated with crop insurance tend to increase the acreage and 
production of specialty crops. Similarly, Yuan and Xu (2024) 
demonstrated that adjustments in agricultural insurance policies 
positively impact the planting area and structure of staple crops, 
primarily facilitated through increased agricultural mechanization.

Many studies have examined the mechanisms through which 
agricultural insurance influences production scale, with substantial 
evidence highlighting its positive effects through changes in farmers’ 
behavior. Waiters et  al. (2012) demonstrated that crop insurance 
premium subsidies can significantly alter farmers’ production 
decisions, particularly in crop selection and scale allocation, resulting 
in expanded planting areas for subsidized crops. Zhang et al. (2024) 
further elucidate how crop insurance promotes large-scale land 
operations through multiple mechanisms, including encouraging 
capital investment, optimizing rural labor allocation, and facilitating 
the adoption of advanced agricultural technologies. Nevertheless, 
some studies reveal complex and potentially adverse effects of crop 
insurance. Wang et al. (2021) found that crop insurance participation 
may negatively impact average yields under climate change conditions 
and may modulate the timing and extent of yield variations associated 
with global warming. In a quasi-natural experimental study on China’s 
agricultural insurance fiscal subsidy policy, Jiang et  al. (2022) 
demonstrated that this policy significantly expanded the cultivation 
area of staple crops such as rice and wheat, facilitating structural 
adjustments in the agricultural sector. These effects were found to 
be  persistent over time, highlighting the lasting influence of 
agricultural insurance policies on crop production structure.

In summary, although existing literature has extensively 
examined the impact of agricultural insurance on production scale 
from both theoretical and empirical perspectives, several critical 
research gaps remain unexplored. Firstly, the discussion of theoretical 
mechanisms in existing studies remains relatively underdeveloped, 
lacking comprehensive and systematic theoretical frameworks. 
Secondly, while micro-level household surveys effectively capture 
individual circumstances, their limited scope may not represent 

broader trends. Conversely, studies using meso- and macro-level data 
often lack rigorous research design and indicator selection, limiting 
their ability to provide comprehensive insights; these are areas where 
existing research could benefit from refinement. Thirdly, although 
some studies (as discussed in Section 2.3) explore impact 
mechanisms, they often lack robust theoretical grounding, leading to 
a disconnect between theoretical and empirical analyses. Studies that 
employ multi-pathway mechanisms may also produce potentially 
unstable conclusions.

In response to these limitations, this study focuses on the impact 
of agricultural insurance on grain cultivation area and investigates the 
mediating role of farmers’ income. Unlike existing literature, this 
article attempts to clarify the role of farmers’ income in the impact of 
agricultural insurance on grain planting scale from both theoretical 
and empirical perspectives. By drawing upon Scale Economies 
(Marshall, 1890), Technology Diffusion Theory (Rogers, 1962), and 
Rational Choice Theory (Simon, 1955), the study establishes logical 
relationships among agricultural insurance, farmers’ income, and 
grain cultivation scale, providing a fresh research perspective. Using 
provincial panel data from China, this study constructs fixed-effects 
and mediation-effect models with carefully selected indicators to 
empirically test these theoretical mechanisms. This approach ensures 
both theoretical rigor and empirical validity, allowing for a clear, 
rational, and objective validation of impact pathways.

3 Theoretical analysis and research 
hypotheses

This study theoretically examines how agricultural insurance 
influences the scale of grain cultivation through its impact on farmers’ 
income (see Figure 1). In China, grain crop insurance is a fundamental 
component of the agricultural insurance system, supported by several 
key policy developments. Beginning in 2008, the central government 
introduced a premium subsidy policy specifically for agricultural 
insurance, initially focusing on grain crops before gradually expanding 
to cover additional varieties. Since 2018, China has also launched pilot 
programs for full-cost and income insurance for three major grain 
crops, with plans for nationwide implementation by 2024. This study 
is based on two key assumptions about China’s grain crop insurance 
market. First, it assumes that insurance coverage and participation are 

FIGURE 1

The mechanism pathway of agricultural insurance affecting grain planting scale based on the income effect.
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comprehensive across all crop varieties, with universal access to 
premium subsidies. Second, it assumes that farmers generally exhibit 
risk-averse behavior, aligning with previous findings (Song, 2018; 
Shang and Xiong, 2020). Shang et al. (2020), based on survey data 
from 417 maize farmers in Inner Mongolia, Heilongjiang, and 
Liaoning Provinces of China, found that 68.6% of farmers exhibit risk-
averse behavior. Similarly, Wang et al. (2019), through a survey of 
1,429 farmers in Henan, Shandong, Anhui, Hebei, and Jiangsu 
Provinces, evaluated farmers’ risk attitudes using scores from 1 
(“adoption”) to 5 (“non-adoption”) for new agricultural technologies. 
The average scores of 2.66  in 2015 and 2.62  in 2017 exceeded the 
midpoint of the scale, further indicating that most Chinese farmers 
are risk-averse.

3.1 The impact of agricultural insurance on 
farmers’ income

Based on previous analysis, this section uses expected utility 
theory to examine the relationships among agricultural insurance, 
farmers’ income, and grain cultivation scale. In modern economics, 
the expected utility theory developed by von Neumann and 
Morgenstern (1944) is a foundational tool for analyzing economic 
behavior under uncertainty (Wang and Ji, 2023). The utility function 
for farmers can be represented as follows:

 ( ) ( ) ( ) ( )1U a a b u aρ πµ π− = − + −

Where a represents farming returns, ρ  denotes the risk premium, 
and given the assumption of risk-averse farmers, ρ>0. The probability 
of incurring an agricultural risk loss of b units is π .

After purchasing insurance, let x represent the insurance 
compensation when state S1 occurs, P be the insurance premium, S 
be the premium subsidy, and S2 the state in which no loss occurs. 
Thus, the farmer’s returns can be defined as follows:

 ( ) 1When S1 loss occurs : a a – b – P S x= + +

 ( ) 2When S2 no loss occurs : a a – P S= +

Given farmers’ risk aversion, their indifference curves are convex 
to the origin (Takayama, 1993), reflecting the demand for insurance 
among risk-averse individuals (see Figure 2A). Further analysis of 
farmers’ utility reveals that government subsidies on agricultural 
insurance premiums generate an income effect, resulting in a new 
equilibrium in farmers’ grain risk decisions (see Figure 2B). Without 
premium subsidies, farmers’ indifference curve is U1 with budget line 
C2-D1. When the government introduces premium subsidies, a2 
increases while a1 decreases, steepening the slope of the budget line. 
This policy effectively reduces the cost of agricultural insurance, 
increasing farmers’ real income and shifting their indifference curve 
rightward, thereby establishing a new equilibrium with 
enhanced utility.

Based on this analysis, we  propose the following 
research hypotheses:

H1a: Agricultural insurance has a positive impact on 
farmers’ income.

H1b: Agricultural insurance has a negative impact on 
farmers’ income.

FIGURE 2

Mechanism of insurance demand and risk choice equilibrium for risk-averse farmers. (A) Insurance demand of risk-averse farmers. (B) Risk choice 
equilibrium of risk-averse farmers.
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3.2 The impact of farmers’ income on 
agricultural production scale

Drawing on the theories of Scale Economies (Marshall, 1890), 
Technology Diffusion (Rogers, 1962), and Rational Choice (Simon, 
1955), this study examines how an increase in farmers’ income may 
motivate them, as rational agricultural producers, to expand their 
production scale (Figure 3).

Agriculture, like industry, benefits from “economies of scale” 
(Marshall, 1890; Wu et al., 2018). As farmers’ income rises, they have 
greater capacity to invest in agricultural machinery, improved crop 
varieties, and expanded cultivation areas, thus generating scale effects. 
In conditions of income growth, farmers’ motivation to increase 
profits through scale expansion is likely to intensify. Additionally, 
higher income enables farmers to adopt advanced agricultural 
technologies, which significantly improve production efficiency. To 
maximize returns on these technological investments, farmers 
typically expand their production scale to fully leverage the benefits 
of new technologies.

Based on this analysis, we propose the following hypotheses:

H2a: Agricultural insurance has a positive impact on agricultural 
cultivation scale.

H2b: Agricultural insurance affects agricultural cultivation scale.

As farmers’ operational income grows, they weigh production 
costs against potential returns to optimize their gains. According to 
Rational Choice Theory, there exists an instrumental rationality 
between purposeful actions and achievable outcomes (Qiu and 
Zhang, 1998; Liu, 2011). Consequently, farmers make decisions based 
on rational considerations, particularly in times of high agricultural 

market demand, when increased income may further incentivize 
production expansion.

Building on these theoretical foundations, we  propose the 
following hypotheses:

H3a: Agricultural insurance influences grain cultivation scale 
through its impact on farmers’ income.

H3b: Agricultural insurance does not influence grain cultivation 
scale through its impact on farmers’ income.

4 Research design

4.1 Sample selection and data sources

This study examines grain cultivation across 27 provinces and 
autonomous regions in China from 2011 to 2021. Due to substantial 
data gaps, Beijing, Tianjin, Shanghai, and the Tibet Autonomous Region 
are excluded from the analysis, resulting in a final sample of 27 regions. 
Grain cultivation data for these regions were sourced from the China 
Rural Statistical Yearbook (2012–2022), while agricultural insurance 
data were obtained from the China Insurance Yearbook (2012–2022).

4.2 Model construction and variable 
definition

4.2.1 Model construction
To investigate the relationship between agricultural insurance 

and grain cultivation scale, this study employs the following fixed-
effects model:

FIGURE 3

Theoretical impact of farmer income on agricultural production scale.
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 , 1 1 , 1 , ,i t i t i t i i tY a Insd Xβ γ ϕ ε= + + + + +  (1)

Where Yit represents the per capita grain sowing area in province 
i  at year t, serving as the dependent variable; Insdi,t denotes the 
agricultural insurance density in province i at year t, functioning as 
the key explanatory variable; Xi,t represents the control variables; a is 
the constant term; β  is the coefficient of the key explanatory variable; 
γ  denotes the coefficients of control variables; iϕ  captures the 
province-level fixed effects; ,i tε  is the error term.

4.2.2 Variable definition

4.2.2.1 Dependent variable
This study uses “per capita grain sowing area by region” as a 

measure of grain cultivation scale, calculated as the grain sowing area 
divided by the regional population. Previous studies have used various 
indicators, such as total sowing area (Fang et al., 2022), grain value-
added (Guan and Si, 2024), and grain yield per unit area (Zhang and 
Xu, 2023). While total sowing area directly reflects regional grain 
planting volume, value-added indicates output variation, and yield per 
unit area focuses on production efficiency. Given the geographical and 
demographic heterogeneity in China’s provincial panel data, per capita 
measurements more accurately capture the scale of grain cultivation 
across different regions.

4.2.2.2 Explanatory variable
This study employs “agricultural insurance density” to represent 

the level of agricultural insurance, calculated as regional agricultural 
insurance premium income divided by the regional agricultural 
population. This indicator reflects the insurance market penetration 
rate within a region, effectively indicating the level of development of 
regional agricultural insurance. However, differences in regional 
policies, climatic conditions, and farmers’ willingness to participate in 
insurance make agricultural insurance density insufficient to fully 
account for these factors. For robustness checks, per capita agricultural 
insurance expenditure is used as an alternative measure.

4.2.2.3 Control variables
Based on the research focus and reference literature (Zhang and 

Xu, 2023; Fu et al., 2024b; Zhang and Chai, 2024), this study includes 
nine control variables across five dimensions: regional agricultural 
output (X1, X9), natural characteristics (X2), agricultural production 
inputs (X3, X4, X5, X7), government support (X6), and agricultural 
production characteristics (X8).

4.2.2.4 Mechanism analysis variable
This study uses “regional farmers’ per capita disposable income” 

to measure farmers’ income, a commonly used indicator in existing 
literature. Detailed information on these variables is provided in 
Table 1.

4.2.3 Descriptive statistical analysis
Table 2 provides descriptive statistics for all variables used in this 

study. The dependent variable, per capita grain sowing area (y), has a 
maximum value of 1.3574, a minimum of 0.0540, a median of 0.1815, 
a mean of 0.2227, and a standard deviation of 0.1868, indicating 
significant variation in per capita grain sowing area across provinces 
and regions.

The key explanatory variable, agricultural insurance density 
(insd), shows a maximum value of 706.2543, a minimum of 0.9393, a 
median of 66.3171, a mean of 108.3665, and a standard deviation of 
122.0669, suggesting substantial regional disparities in the 
development of agricultural insurance and considerable variability 
over the study period.

For control variables, variability differs across indicators. High 
variability is observed in total mechanical power per unit area (x7), 
primary industry value-added as a proportion of regional GDP (x8), 
and planting industry product price index (previous year = 100) (x9). 
In contrast, lower variability is evident in grain yield per unit area (x1), 
grain disaster rate (x2), fertilizer application per unit area (x3), 
effective irrigation per unit area (x4), pesticide application per unit 
area (x5), and the ratio of GDP from agriculture, forestry, animal 
husbandry, and fisheries to local agricultural and forestry 
expenditure (x6).

5 Empirical results analysis

5.1 Baseline regression

This study employs panel data and fixed-effects models to examine 
the impact of agricultural insurance on grain cultivation scale. In 
column (1) of Table 3 (according to Equation 1), the regression results 
for the key explanatory variable indicate a significant positive effect of 
agricultural insurance on grain cultivation scale at the 1% significance 
level. This finding suggests that the development of agricultural 
insurance contributes to the expansion of grain cultivation scale, 
though the increase in the regression coefficient is relatively modest.

In column (2) of Table 3, after incorporating control variables, the 
results continue to show a significant positive effect of agricultural 
insurance on grain cultivation scale at the 1% significance level, 
further validating the positive impact of agricultural insurance on 
grain cultivation scale.

Moreover, fertilizer application per unit area (x3) and effective 
irrigation per unit area (x4) demonstrate significant negative effects at 
the 5% significance level. These findings imply that both fertilizer use 
and effective irrigation per unit area are negatively associated with 
grain sowing area. Generally, lower fertilizer application and effective 
irrigation per unit area may reflect farmers’ increased focus on 
agricultural technology and environmentally sustainable practices, 
leading to more efficient agricultural resource allocation and, 
consequently, a greater propensity to expand grain cultivation scale.

5.2 Robustness test

To assess the robustness of our findings, we replaced the original 
core explanatory variable, agricultural insurance density, with per 
capita agricultural insurance claims expenditure as an alternative 
measurement. Fixed-effects regression analysis was then performed, 
with the results presented in columns (3) and (4) of Table 3. In column 
(3), the alternative core explanatory variable exhibits a significant 
positive correlation at the 5% significance level, consistent with the 
baseline regression results. In column (4), after incorporating control 
variables, the results remain significantly positive at the 1% 
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significance level, further validating the baseline findings. These 
results demonstrate that our conclusions remain robust even when the 
measurement indicator for the core explanatory variable is modified.

5.3 Mechanism analysis

To further explore the potential transmission mechanism of how 
agricultural insurance affects the scale of grain planting, this study 
draws on relevant theoretical research (Baron and Kenny, 1986; Wen 
and Ye, 2014; Yao et al., 2024) and introduces the variable of farmer 
income, constructing a mediation effect model. The stepwise 
regression method is used to analyze whether agricultural insurance 
can affect the scale of grain planting by influencing farmer income. 
The models are constructed as follows:

 , 1 1 , 1 , ,i t i t i t i i tY a Insd Xβ γ ϕ ε= + + + +  (2)

 , 2 2 , 2 , ,i t i t i t i i tM a Insd Xβ γ ϕ ε= + + + +  (3)

 , 3 , 3 , 3 , ,i t i t i t i t i i tY a cM Insd Xβ γ ϕ ε= + + + + +  (4)

Where, Mi,t represents the mediator variable of farmer income, 
and this study uses farmer disposable income as the indicator; Insdi,t 
represents the agricultural insurance density; Yi,t denotes the grain 
planting area.

The control variables Xit are consistent with those described 
previously. In model (2), the coefficient β1 of Insdi,t captures the total 
effect of agricultural insurance on grain planting scale, and the 
coefficient β2 of Insdi,t in model (2) reflects the impact of agricultural 

TABLE 1 Variable definitions.

Variable nature Variable name Symbol Explanation of 
variable

Unit Data source

Explained variable Per Capita Grain Sown 

Area

Y Grain sown area/population of 

the region

ha/person China Rural Statistical 

Yearbook, 2012–2022

Explanatory variable Agricultural Insurance 

Density

Insd Regional agricultural insurance 

premium income/regional 

agricultural population

CNY/person China Insurance 

Yearbook, 2012–2022; 

China Rural Statistical 

Yearbook, 2012–2022

Control variables Grain Yield per Unit Area X1 Regional grain yield/regional 

grain sown area

t/ha China Rural Statistical 

Yearbook, 2012–2022

Control variables Grain Disaster Rate X2 Disaster area/grain sown area – China Rural Statistical 

Yearbook, 2012–2022

Control variables Fertilizer Application per 

Unit Area

X3 Regional fertilizer application/

regional grain sown area

t/ha China Rural Statistical 

Yearbook, 2012–2022

Control variables Effective Irrigation per 

Unit Area

X4 Regional effective irrigation 

area/regional grain sown area

– China Rural Statistical 

Yearbook, 2012–2022

Control variables Pesticide Application per 

Unit Area

X5 Regional pesticide usage/

regional grain sown area

t/ha China Rural Statistical 

Yearbook, 2012–2022

Control variables Ratio of Agriculture GDP 

to Local Agriculture 

Forestry Expenditure

X6 Local fiscal agriculture and 

forestry affairs expenditure 

(billion CNY)/regional 

agriculture GDP

– China Rural Statistical 

Yearbook, 2012–2022

Control variables Total Machinery Power 

per Unit Area

X7 Regional total agricultural 

machinery power/regional 

grain sown area

kW/ha China Rural Statistical 

Yearbook, 2012–2022

Control variables Ratio of Primary Industry 

Value-Added to Regional 

GDP

X8 Primary industry value-added/

regional GDP

– China Rural Statistical 

Yearbook, 2012–2022

Control variables Crop Product Price Index 

(Previous Year = 100)

X9 Crop product price index – China Rural Statistical 

Yearbook, 2012–2022

Mediating variable Per Capita Disposable 

Income of Farmers

M Per capita disposable income of 

farmers

10,000 CNY China Rural Statistical 

Yearbook, 2012–2022

Alternative Explanatory 

Variable for Stability Test

Per Capita Agricultural 

Insurance Claims 

Expenditure

Insc Regional agricultural insurance 

claims expenditure/regional 

agricultural population

CNY/person China Insurance 

Yearbook, 2012–2022; 

China Rural Statistical 

Yearbook, 2012–2022
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insurance on farmer income. Based on theoretical analysis, the 
coefficient β2 is expected to be  positive, indicating that the 
development of agricultural insurance can increase farmer income. 
Model (4) is based on the addition of the Mi,t indicator to model (2), 
in which case the coefficient β3 of Insdi,t represents the direct effect 
of agricultural insurance on grain planting scale, while the coefficient 
c of Mi,t represents the effect of farmer income on grain planting scale 
after controlling for Insdi,t. α1-α3 are the intercept terms, and ,i i tϕ ε，  
is the random error term.

The stepwise regression results of the mediation effect are shown in 
Table 4 (according to Equations 1–4). Column (1) of Table 4 indicates 
that the development of agricultural insurance positively impacts 
planting scale, with a total effect of 0.0003682. Column (2) shows that 
agricultural insurance contributes to increasing farmer income, 
reflecting a positive income effect. In Column (3), the coefficients of 
both Insdi,t and Mi,t are significantly positive. Further mediation effect 
tests, including the Sobel and Goodman tests, confirm the presence of 
a partial mediation effect, accounting for 6.9608% of the total effect. 
This finding verifies that agricultural insurance can promote the 
expansion of grain planting scale by enhancing farmer income.

6 Conclusion and policy implications

6.1 Conclusion

Agricultural insurance, a globally recognized policy instrument, 
is critical in mitigating agricultural risks and addressing disaster-
related losses. This study investigates the theoretical linkages among 
agricultural insurance, farmers’ income, and grain production scale. 
It further employs provincial panel data from China (2012–2022) to 
perform an empirical analysis and propose policy recommendations 
for improving agricultural insurance systems. The findings provide 
valuable insights for adjusting China’s agricultural insurance policies 
and hold significant theoretical and practical implications. The main 
conclusions are as follows:

 (1) Agricultural insurance has a significant positive effect on 
farmer income, supporting Hypothesis H1a, though the effect 
size is relatively small, with an impact coefficient of 0.0003682. 
This indicates that while agricultural insurance development 
has promoted the expansion of grain planting, the increase 
remains limited. Studies like Ning et al. (2024) support this 
finding, showing that policy-based agricultural insurance in 
Jiangxi Province enables farmers to expand rice planting areas 
and achieve intensive production. Additionally, new 
agricultural entities—such as large-scale growers, family farms, 
and cooperatives—that adopt green technologies and improved 
varieties show superior outcomes in this process compared to 
traditional smallholders. Further analysis suggests that the 
modest impact size may be due to variations in resources and 
insurance demand between farmer types. Research by Ye and 
Zhu (2018) highlights significant differences in insurance 
demand between new agricultural entities and smallholders, 
with the former preferring yield insurance, which aligns with 
and supports our findings.

 (2) Agricultural insurance positively influences the scale of grain 
planting, validating Hypothesis H2a. Moreover, agricultural 
insurance indirectly affects grain planting area by increasing 
farmer income, supporting Hypothesis H3a. This empirical 
finding passes the partial mediation effect test. In line with 
these findings, Li et al. (2024) identified farmer income and 
income disparity as key factors influencing staple food 
production scale in their meta-analysis, lending further 
support to our conclusions. Additionally, many studies suggest 
that agricultural insurance subsidies impact the scale and 
structure of grain planting. For instance, Zhang et al. (2019) 
propose that differentiated premium subsidies can guide 
farmers to adjust crop planting areas, thereby expanding the 
scale of food crops, a mechanism thoroughly analyzed in this 
study. Empirical research based on micro-survey data also 
corroborates this conclusion. Chai and Zhang (2023) found 
that policy reforms increasing premium subsidies and coverage 

TABLE 2 Descriptive statistics analysis.

Variable Obs Mean Median Std. dev Min Max

y 297 0.2227 0.1815156 0.1868 0.0540 1.3574

Insd 297 108.3665 66.31709 122.0669 0.9393 706.2543

x1 297 5.3482 5.419826 0.9482 2.8698 7.4928

x2 297 0.1121 0.0842105 0.0999 0.0023 0.5918

x3 297 0.5895 0.4979234 0.3205 0.0143 2.5496

x4 297 0.6575 0.5555373 0.3778 0.2924 2.8108

x5 297 0.0194 0.0126935 0.0195 0.0025 0.1183

x6 297 0.1827 0.1482783 0.1078 0.0705 0.7132

x7 297 10.0258 9.327806 4.1636 3.5624 32.0672

x8 297 10.6743 9.9 4.4513 3.0000 26.2000

x9 297 103.2068 102.6 5.1474 87.5000 117.8000

m 297 1.2210 1.1609 0.4778 0.3909 3.5247

insc 297 76.1625 42.76177 96.8068 0.5811 618.0668

For variable definitions, refer to Table 1. The statistics include the number of observations (Obs), mean, median, standard deviation (Std. dev), minimum (Min), and maximum (Max) values 
for each variable.
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levels raise farmers’ expected income, encouraging them to 
expand both total planting area and food crop area. Similarly, 
Jiang et al. (2022) reported that fiscal subsidy policies have 
significantly boosted agricultural insurance demand, 
enhancing farmers’ willingness to insure and further promoting 
crop planting adjustments.

6.2 Policy implications

To enhance the effectiveness of agricultural insurance in 
supporting agricultural production, based on the research conclusions, 
this paper proposes the following policy recommendations:

6.2.1 Expand agricultural insurance coverage
Increase awareness of agricultural insurance through targeted 

outreach and policy guidance, helping farmers recognize its critical 
role in risk diversification. By expanding agricultural insurance 
coverage, especially for staple crops, comprehensive protection can 
be  achieved. Governments and insurance institutions at all levels 
should effectively utilize traditional and new media platforms, 

including broadcast, television, and WeChat, to disseminate 
agricultural insurance policies. In the agricultural off-season, they can 
coordinate visits by technical experts and insurance representatives to 
rural areas, offering farmers comprehensive explanations of these 
policies. Although agricultural insurance differs from conventional 
commercial insurance, broader coverage supports more effective risk 
management and rate-setting, while reducing adverse selection. For 
farmers, expanded coverage facilitates better financial planning and 
risk diversification.

6.2.2 Establish a multi-level agricultural insurance 
system

Tailor the agricultural insurance system to the unique needs of 
China’s agricultural sector and the diverse requirements of farmers. 
On one hand, this system delivers a progressively enhanced level of 
protection, transitioning from cost insurance to income insurance and 
ultimately to profit insurance. On the other hand, in terms of 
insurance coverage, it should include both basic and additional 
insurance, addressing both staple and cash crops. Continued 
promotion of staple crop insurance is essential to safeguard national 
food security, while local specialty crop insurance should be developed 

TABLE 3 Empirical analysis of the impact of agricultural insurance on grain sown area and stability test results.

y (1) (2) (3) (4)

Insd
0.0003799***

(0.0001)

0.0003682***

(0.0000965)

insc
0.0004676**

(0.0002035)

0.0004354***

(0.0001363)

x1
0.0160

(0.0294)

0.0156243

(0.0273794)

x2
0.0073

(0.0511)

−0.0348781

(0.0541647)

x3
−0.0359**

(0.0144)

−0.0306921**

(0.0147193)

x4
−0.0964**

(0.0432)

−0.1279407**

(0.0478649)

x5
−0.4670

(1.3752)

−0.4065353 (1.360773)

x6
0.3428

(0.2351)

0.3485418

(0.2125853)

x7
0.0007

(0.0015)

0.00122

(0.0013092)

x8
0.0172

(0.0106)

0.0158926**

(0.0090605)

x9
0.0015

(0.0011)

0.186835***

(0.01550)

0.0013864 (0.0008734)

_cons
0.1814***

(0.01389)

0.2132

(0.3564)

−0.1688712

(0.2744966)

Observations 297 297 297 297

R-squared 0.3096 0.5262 0.3167 0.5173

Regional fixed effects YES YES YES YES

Year fixed effects NO NO NO NO

Y is the explained variable, representing the per capita grain sown area. Insd denotes agricultural insurance density, and insc represents per capita agricultural insurance claims expenditure. x1 
to x9 are control variables as defined in Table 1. Values in parentheses are standard errors. Statistical significance levels are denoted as *p < 0.1, **p < 0.05, ***p < 0.01.
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steadily to meet the needs of various farming communities. Insurance 
products should offer multi-level protection, covering basic, cost, and 
income protection to address farmers’ diverse risk management needs. 
Additionally, leveraging insurance technology can enhance service 
efficiency and quality, providing farmers with more personalized and 
diversified insurance products.

6.2.3 Enhance the protection level of agricultural 
insurance

By 2024, China’s three primary staple crops are expected to have 
full cost insurance and basic income protection. However, many other 
food crops still lack cost and income coverage. For crop varieties 
critical to national food security, strategic priorities, and public 

TABLE 4 Mechanism analysis results.

(1) (2) (3)

Variable Y M Y

Insd
0.0003682***

(0.0000965)

0.0019262***

(0.0005375)

0.0002203**

(0.0000998)

M
– – 0.0767537**

(0.0305739)

x1
0.0160

(0.0294)

0.2862586**

(0.1562269)

−0.0059936 (0.0247397)

x2
0.0073

(0.0511)

−0.2479062

(0.2163719)

−0.0263277

(0.0417638)

x3
−0.0359**

(0.0144)

−0.1698742

(0.171502)

−0.0228315**

(0.0109141)

x4
−0.0964**

(0.0432)

0.2974519

(0.5059018)

−0.1192593***

(0.0404985)

x5
−0.4670

(1.3752)

−12.3516

(14.57075)

0.4810294 (0.7198309)

x6
0.3428

(0.2351)

0.6003295

(0.7582252)

0.2967881

(0.1892456)

x7
0.0007

(0.0015)

−0.002768

(0.0117248)

0.0009058

(0.0014339)

x8
0.0172

(0.0106)

−0.0573211**

(0.0301102)

0.0215854**

(0.0098887)

x9
0.0015

(0.0011)

−0.0037448

(0.0037435)

0.0017426 (0.0010278)

_cons
0.2132

(0.3564)

0.5685143

(1.278426)

−0.2568211

(0.2939612)

Observations 297 297 297

R-squared 0.5262 0.6722 0.6036

Sobel Test
0.00006914*

(Z = 1.704)

Goodman-1 (Aroian)
0.00006914*

(Z = 1.695)

Goodman-2
0.00006914*

(Z = 1.712)

Mediation Effect Coefficient
0.000069*

1.70365

Direct Effect Coefficient
0.000924***

11.7471

Total Effect Coefficient
0.000993***

14.6105

Proportion of Mediation Effect 6.9608%

Y represents the explained variable, while M denotes the mediating variable. Insd is the agricultural insurance density, and the coefficients for x1 to x9 are control variables as defined in 
Table 1. Values in parentheses indicate standard errors. The R-squared values reflect the model’s explanatory power. The Sobel test and Goodman tests assess the significance of the mediation 
effect. Statistical significance levels are denoted as *p < 0.1, **p < 0.05, ***p < 0.01.
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welfare, it is important not only to establish a multi-level agricultural 
insurance system but also to increase the level of protection. Enhanced 
coverage will strengthen farmers’ confidence in crop cultivation and 
support sustainable agricultural development.

6.3 Limitations and future outlook

This study conducted an empirical analysis of the impact of 
agricultural insurance on grain planting scale using provincial panel data 
from China between 2011 and 2021, and it explored the mechanism 
through which agricultural insurance influences grain planting scale by 
affecting farmer income. However, certain limitations remain due to 
constraints such as knowledge reserves and disciplinary boundaries.

In the empirical analysis, while the study covers most provinces 
in China over an 11-year period, it is limited by the absence of micro-
level data, which prevents a more nuanced understanding of 
individual farmers’ circumstances. Future research could address this 
limitation by incorporating micro-level data obtained through field 
surveys and other direct data collection methods, enabling a deeper 
exploration of farmers’ experiences and responses.

Agricultural economics remains a field with vast research 
potential, and we hope this study provides valuable insights for both 
researchers and policymakers. In future work, we aim to conduct 
more detailed investigations on this topic to further contribute to the 
advancement of research in this field.
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