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The analysis of herding households’ agricultural insurance purchasing behavior under climate risk can help improve the agricultural insurance system in pastoral areas in China.By constructing an analytical framework of “climate change, risk perception, and herding households’ agricultural insurance purchase decisions,” this study matched the survey data from 764 herding households across different types of grasslands in Inner Mongolia with meteorological data from 2019 to 2023. Based on Probit model regression and mediation effect tests, the following conclusions were drawn: Firstly, climate change, especially abnormal fluctuations in precipitation, triggers yield losses and induces loss aversion among herding households, which translates into agricultural insurance purchasing behavior. Secondly, as herding households are divided into production herding households and subsistence herding households, the impact of climate risk on production herding households’ agricultural insurance purchase decisions is more pronounced than that of subsistence herding households. Thirdly, from the perspective of the mechanism of climate change on the agricultural insurance purchasing behavior of production-oriented herding households, climate risk mainly influences herding households’ agricultural insurance purchase through their risk perception. Therefore, with the intensification of global climate change, while further stimulating the agricultural insurance purchasing demand of living herding households through differentiated premium subsidy policies in the future, it is necessary to further enhance the risk perception level of herding households by strengthening the construction of weather forecasting and agricultural and livestock risk data sharing platform, so as to transform the external changes in climate risk into the intrinsic motivation of herding households’ agricultural insurance purchasing behaviors, and to enhance the herding households’ Climate risk coping capacity of herdsmen.
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1 Introduction


1.1 Climate risk and its impact on grassland livestock farming

Climate risk, broadly speaking, refers to the uncertainty of economic and financial activities caused by climate factors such as climate change, extreme weather events, and society’s transition to sustainable development, including physical and transition risks (Task Force on Climate-related Financial Disclosures (TCFD),Recommendations of the Task Force on Climate-related Financial Disclosures, International Financial Stability Board, 2017). As climate change has occurred in recent years, global temperatures and precipitation have undergone subtle changes, and extreme weather events have occurred more frequently, causing significant damage to agricultural and livestock production. In 2018, the United Nations Intergovernmental Panel on Climate Change (IPCC) released its Special Report on Global Warming of 1.5°C, stating that since the 1950s, while the extreme low-temperature events have been declining, the frequency and intensity of extreme high-temperature events have been increasing in the vast majority of the globe, and warming has pushed up the evaporation potential of the atmosphere, thus affecting the amount of net water resources available to a region and leading to the prevalence of agricultural and ecological droughts around the globe (Masson-Delmotte et al., 2018). Meanwhile, according to the Food and Agriculture Organization of the United Nations (FAO), the current annual frequency of natural disasters is more than three times as high as that of the 1970s, and extreme weather events are the most important factor causing economic losses, while the agricultural sector suffers from related losses of up to 37 per cent (FAO, 2023). As an important branch of agriculture, grassland animal husbandry is an important pillar of the grassland region’s economy, the main source of income for the majority of herders’ families, and plays an important role in the regional national economy (Li et al., 2013), however, the characteristics of the dependence on the natural environment, so that the production process embodies the composite functioning of natural and economic ecosystems, which is extremely fragile (Shan, 2000), taking Inner Mongolia as an example, in which only the In 2021, Inner Mongolia grassland suffered disaster losses of 11.59 billion yuan, excluding all kinds of government aid and social fundraising, the loss of herders still reached 11.21 billion yuan, accounting for 97% of the proportion of all the losses (Qin et al., 2023), in the background of huge losses, there is an urgent need for effective risk management tools to diversify the risk.



1.2 The role of agricultural insurance in the development of grassland animal husbandry

Agricultural insurance, as an effective means of dispersing natural risks, is an effective means of coping with climate risks. Take Inner Mongolia mutton sheep weather index insurance as an example, 2021 mutton sheep weather index insurance for 817,800 head of mutton sheep to provide 153,337,500 yuan of risk protection, the year for 17,041 affected households of 347,000 head of sheep to provide 5,219,000 yuan of risk loss compensation; 2022 for 1,128,300 head of mutton sheep to provide 397,370,700 yuan of risk protection. The level of risk protection was doubled, and 13,443,600 yuan of loss compensation funds were provided for 963,000 head of sheep of 4,823 affected herdsmen throughout the year, which effectively promoted the recovery of pastoralists’ livestock production and operation, stabilizing their income (Gong, 2021).

Against the background of increasing climate risk, theoretically herders should be more willing to purchase agricultural insurance to diversify the risk of animal husbandry, but the problem of insufficient purchase of agricultural insurance has always been a concern of academics. Some scholars have pointed out that “since 2007, China has been promoting the pilot policy-based agricultural insurance, the government has taken out a large amount of money to subsidize agricultural insurance every year, but 32.1% of farmers and herdsmen have not purchased agricultural insurance, and this percentage will be as high as 54.5% if we exclude the farmers who are forced to purchase agricultural insurance (including those who unknowingly purchased the insurance from village committees or township governments; Guo and Tan, 2019), and this phenomenon is even more serious in grassland areas, such as mutton goat weather index insurance, for example, the current insurance rate in different grassland areas of Inner Mongolia has serious differences, according to the data that we have collected through symposiums on the overall participation in field research in the flag counties of the insurance pilot areas, the participation rate of Abaga Banner reaches 84.3 per cent, while the insurance participation rate in Wulagai Administrative Region is only 1.8 per cent. Due to the single production and income structure and the lack of effective protection mechanism, the current natural risk has become the dominant factor in the decline of herdsmen’s income. So why are herders instead reluctant to buy agricultural insurance as climate risks continue to intensify? Therefore, accurately identifying the climate risk on the insurance purchasing behavior of herding households will help to improve the policy design of agricultural insurance, better play the role of agricultural insurance on risk management in grassland areas where natural risks are frequent and risk management means are single, and construct a risk management system of firewall and safety net of agricultural insurance in pastoral areas in the context of rural revitalization.



1.3 Theoretical foundations and research hypotheses

As far as the demand for agricultural insurance is concerned, domestic and foreign scholars have conducted a large number of relevant studies. In terms of internal influencing factors, on the one hand, farmers’ personal characteristics such as age, education, production experience, risk perception, risk attitude, gender, knowledge of insurance products, and other personal characteristics have an important impact on the purchase demand for agricultural insurance (Sherrick et al., 2004; Hill et al., 2013; Akter et al., 2016; Shang et al., 2020); on the other hand, family business characteristics of farmers such as farming income, planting scale, and whether they join cooperatives have an important impact on the purchase demand for agricultural insurance (Zhang et al., 2017). In terms of external factors, mainly the risk characteristics faced by farmers (Shaik et al., 2008), government premium subsidies (Goodwin and Smith, 1995; Knight et al., 1997; Glauber, 2004; Sherrick et al., 2004), and the degree of conformity of insurance products with actual demand, etc. have an important impact on the demand for agricultural insurance (Fu et al., 2021). However, current research focuses more on purchasing studies of farmers’ agricultural insurance needs, while relatively little research has been done on the insurance purchasing behavior of ranchers. At the same time, there are even fewer studies on the agricultural insurance purchasing behavior of herding households from the perspective of climate risk changes.

The main contributions of this paper are as follows: first, it focuses on the study of herding households’ agricultural insurance purchasing behavior under the scenario of increasing climate risks. Since herders have more natural risks in pastoral areas than farmers, and their means of managing natural risks are more sole, accurate identification of herders’ agricultural insurance purchasing behavior will help the government to better formulate agricultural insurance development policies and promote the construction of agricultural insurance risk management systems in pastoral areas. Secondly, the use of meteorological data and other macro data combined with microdata from field research in pastoral areas, to more accurately identify the impact of climate risk on the agricultural insurance purchasing behavior of herdsmen. Compared with previous scholars who mostly used indirect means such as the number of livestock sheds to measure climate risk (Gong, 2021), the use of daily weather data in this paper is more direct, accurate, and scientific in climate risk measurement, which helps to make up for the previous micro-individual agricultural insurance purchasing behavior in the measurement of climate risk. Third, the use of daily weather data at the banner-county level helps to more accurately combine with micro-individual research data of herdsmen to accurately identify the impact of climate risk on herdsmen’s agricultural insurance purchasing behavior.


1.3.1 Impact of climate risk on pastoralists’ agricultural insurance purchasing behavior

The key to the study on the impact of climate change on herders’ agricultural insurance purchasing behavior is to clarify the impact of climate change on herders’ agricultural output. Current research on the impact of grassland ecosystems in Inner Mongolia focuses on the impact of climatic factors such as temperature and precipitation on grassland productivity and ecological environment, which leads to inconsistent findings based on different research regions, data sources, and analysis methods, but the basic impact paths are analyzed in two direct and indirect paths:

The direct effect of climate risk on agricultural output and the indirect effect on the farming economy through increased levels of natural hazards coexist. At the earliest, the relationship between temperature and per capita income has been of interest to scholars in the 14th century (Gates, 1967; Dell et al., 2009). A 1°C increase in average annual temperature would lead to a 2.5% decrease in economic output (Hsiang, 2010; Welch et al., 2010; Zhou and Zhu, 2010; Butler and Huybers, 2013). On one hand, climate change is one of the main factors determining the high quality of forage production (Wang and Yang, 2010), in which the five main rates of change of climate change showed high correlations for each growth period of forage, i.e., the correlation coefficients of temperature, precipitation, relative humidity, wind speed, and sunshine with forage reached 0.858, 0.841, 0.723, 0.035, and 0.406, respectively (Zhang, 2017), but there is more agreement in the current study that the temperature increase in climate change usually have less impact on grassland productivity, and precipitation is the main influence factor (Gao et al., 2020). On the other hand, climate risks can have important impacts on livestock impacts: for example, affecting the development and reproduction of livestock and reducing production (Amundson et al., 2006; Bryant et al., 2007). Low temperatures lead to problems such as slow metabolism and tissue frostbite in crops and livestock (Shannon and Motha, 2015).

In addition to its direct impact on agricultural output, climate risk affects agricultural output and increases the marginal cost of production through its impact on factors of production such as land use, capital stock, labor quantity, and efficiency. For example, the reduction of water resources affects agricultural production and the storage of agricultural products (Piao et al., 2010); the reduction of labor hours in industries that are more affected by climate affects the efficiency of labor (Zivin et al., 2015), while some scholars have pointed out that the loss due to reduced labor efficiency in agricultural manufacturing caused by climate risk is nearly 3.95–4.73% of the total manufacturing output (Seppänen et al., 2003; Shakoor et al., 2011; Heal and Park, 2016; Limskul, 2018), and this effect varies regionally depending on local resource endowments and agricultural production conditions (Chen et al., 2016). High temperatures trigger a shift of labor between sectors, with high temperatures in some regions leading to a shift of labor from agriculture to industry and services (Kjellstrom et al., 2009).

In addition, climate risk acts directly on economic output in agriculture and livestock by increasing the severity of natural disasters. Rising climate risk leads to an increase in the probability and severity of natural disasters: disaster economics models suggest that the mean, variance, and correlation of the distribution of natural disasters will be positively correlated with climate change (Zhang et al., 2015; Stott, 2016; Bellprat et al., 2019), while according to the neoclassical economic growth model pointed out that it can destroy the production output, such as causing damage to crops and death of livestock (Gao et al., 2013; Felbermayr and Groschl, 2014), in the supply and demand model of the agricultural sector, the loss of agricultural supply output caused by natural disasters will lead to the supply and demand relationship in the agricultural sector supply curve in the agricultural sector to shift to the left, which eventually leads to a reduction in equilibrium output and growth rate, resulting in a negative impact on the economy (Bertrand, 1993).

Climate risk acts on agricultural output in direct and indirect ways (as shown in Figure 1). Agricultural insurance can diversify climate risk in time and space and restore agricultural reproduction through the function of loss compensation (Ye, 2018), thus generating agricultural insurance purchasing behavior. Based on the above discussion, this study proposes the following hypothesis:


Hypothesis 1: Climate risk is positively related to herders’ agricultural insurance purchasing behavior, i.e., the greater the climate risk, the greater the likelihood that herders will purchase agricultural insurance.
 

[image: Figure 1]

FIGURE 1
 Analytical framework of climate risk on pastoralists’ agricultural insurance purchasing behavior.




1.3.2 Heterogeneous effects of climate risk on pastoralists’ agricultural insurance purchasing behavior: a discussion based on agro-pastoralist differentiation

With the development of industrialization and urbanization, more and more farming and herding households have left the farming and herding areas, and there has been a differentiation of farming and herding households. One part of the population shifts to non-agricultural industries based on their strong non-agricultural employability, leaving older people and women behind for rural residency, forming subsistence farming and herding households; while another part of farming and herding households form larger-scale productive farming and herding households that rely on farming and herding for income through land (grassland) transfer (Hu and Zheng, 2021). Based on the differences in the livelihood strategies of different types of farmers and herders, there are some differences in the allocation of production factors in farming and herding production, which leads to some differences in the demand for agricultural insurance to reduce the level of risk exposure. Based on this, this paper proposes a second hypothesis:


Hypothesis 2: There is a difference in the impact of climate risk on productive and subsistence herding households: the impact on subsistence herding households’ agricultural insurance purchase decisions is unclear, and there is a positive impact on productive herding households’ agricultural insurance purchases.
 



1.3.3 Behavioral logic of productive pastoralists in purchasing agricultural insurance under climate risk

In the context of climate risk causing differential impacts on pastoralists’ agricultural insurance purchasing behavior in different contexts, risk perception is the starting point of the agricultural insurance decision-making process of farmers and pastoralists (Cheng et al., 2018), and existing foreign literature found that weather risk perception is a key influence on farmers’ adaptation decision adoption behavior (Below et al., 2012), the basis of climate change adaptation behavior, and the agricultural production main driver of adoption of transfer risk (Chen and Hu, 2023; Figure 2). Therefore, based on the above hypothesis, this paper further proposes that the extrinsic risk of climate change is transformed into the intrinsic starting point of herding households’ agricultural insurance purchase decisions by acting on the risk perception of productive herding households, and through the risk perception, rational economic people become loss averse and actively seek risk management tools that reduce the level of risk exposure and the probability of risk occurrence to diversify and transfer, thus proposing the following hypothesis:


Hypothesis 3: The effect of climate risk on the agricultural insurance purchasing behavior of productive pastoralists is internalized through the mediating role of risk perception.
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FIGURE 2
 Grassland availability in Inner Mongolia by banner and county Data source: Inner Mongolia Nature Museum No. GS (2022) 1873 map has not been modified.






2 Materials and methods


2.1 Overview of the study area

This paper takes Inner Mongolia as an example, mainly based on the following reasons: firstly, Inner Mongolia as an important part of the Eurasian continental steppe, and at the same time as an important ecological security barrier and agricultural and livestock products production base in northern China, the grassland is both an ecological resource and an important production resource for farmers and herdsmen, which is mainly manifested in the following ways: on the one hand, as the largest grassland pastoral area in China, the grassland area accounts for 22% of the national grassland area and 74% of the area of the whole region, with a natural grassland area of 1.32 billion mu, and there are five major categories of grassland types from east to west, namely, temperate meadow grassland, temperate typical grassland, temperate desert grassland, temperate steppe desert, and temperate desert (Inner Mongolia Autonomous Region Forestry and Grassland Bureau, Grassland resources, 2024), and the region with higher utilization rate of grassland resources is mainly concentrated in the east-central part of Inner Mongolia (shown in Figure 2), so that the grassland area and grassland types are typical and representative of the region. On the other hand, Inner Mongolia, as an important “meat can” and “milk bank” in China, had a total meat output of 2.672 million tonnes in 2018, an increase of 0.8% compared with the previous year, and a milk output of 5.656 million tonnes, an increase of 2.3% compared with the previous year, with the production of beef and lamb ranking first in the country (Data source).1 Secondly, at the same time of the rapid development of grassland animal husbandry, the current grassland animal husbandry exists the problem of fragile ecological environment and the occurrence of natural disasters, for example, in 2018, by the impact of persistent drought, as of June of that year, the affected area of the region’s pasture reached 550 million acres, accounting for more than 40 per cent of the total area of the grassland, and the affected livestock amounted to 35,432,000 head (only; Data source).2 This is mainly due to natural climatic conditions: Inner Mongolia, which is in the middle and high latitudes, is dominated by temperate continental monsoon climate, far from the ocean, and it is difficult for the warm and humid airflow to reach the daily and annual difference of temperature, the closer to the center of the continent, the greater the annual and daily difference of temperature, the less precipitation, the more arid the climate, therefore, aridity is the main feature of the climate in the northern grassland areas of China, with high climate sensitivity and ecological vulnerability. The specific manifestations are that the temperature distribution increases from east to west, the winter is long and cold, up to about 200 days; the summer is hot and short, generally 90–100 days; the temperature in spring is 7°C and 6–8°C higher in April than in March and May than in April respectively, and the temperature increases suddenly; the temperature in autumn drops suddenly, and the monthly cooling can reach 6–10°C; meanwhile, the annual and daily differences of temperature are large, the annual difference can reach 33–34°C, and the annual average daily difference can reach 12–16°C. In terms of precipitation, precipitation decreases from southeast to northwest, and the overall precipitation is low. The annual precipitation in the easternmost mountainous area of Daxinganling and the southern mountainous area of the Xiliaohe River basin, which receives more precipitation, can reach 450 mm, while the annual precipitation in Bayannur-Alashan high plain is only about 100 mm, and the westernmost is less than 50 mm, with a large difference between east and west. Meanwhile, under the influence of monsoon climate, the precipitation in winter and spring is low, and the summer precipitation is concentrated from June to August, and the precipitation in most areas can generally reach 150-200 mm, accounting for 60–75% of the annual precipitation; the precipitation variation is large, gradually increasing from east to west, and the quarterly rate of change in precipitation in the west is 2–6 times of that in the east, and the interannual variation of precipitation in months and seasons can reach 10 of times. The guaranteed rate of natural pasture and crop growth is low; while the annual evaporation gradually increases from east to west, and the annual evaporation in the western region maybe 10 times of precipitation. For example, the annual evaporation in the northern Bayannur and western Ordos regions can reach 2,400 ~ 3,400 mm, and the difference of evaporation and precipitation is large (Gao et al., 2020). For this reason, in the context of higher climate sensitivity and ecological vulnerability, policy agricultural insurance such as weather index insurance for mutton sheep and grassland insurance began to be promoted in grassland areas on a pilot basis in 2019 to enhance the management capacity of herders to cope with climate risks.

First, in response to the long-term absence of weather risk management tools in grassland pastoral areas, the nation’s first weather index insurance for mutton sheep targeting the grassland livestock industry was implemented in Xilingol League and Hulunbeier City in Inner Mongolia in 2019, with specific insurance clause highlights shown in the Table 1.



TABLE 1 2019 highlights of weather index insurance provisions for mutton sheep.
[image: Table1]

Second, in 2019, Inner Mongolia proposed for the first time to develop grassland insurance, and in 2021, it began a large-scale pilot program, mainly in 13 banner counties in eight allied cities, with a trial period of 3 years (Table 2).



TABLE 2 Highlights of grassland insurance terms.
[image: Table2]



2.2 Data sources

The microdata sources: Since the grassland in Inner Mongolia stretches for more than 1,000 km and spans three climatic zones, namely temperate semi-humid zone, semi-arid, and arid zone from east to west, based on considering the representativeness of grassland types, the final selection of the more comprehensive grassland types Xilin Gol league, the central region of Ulanqab city and the western region of Erdos city. Shepherds’ data were obtained from the research team’s four separate studies on the weather index for mutton sheep and the current status of grassland insurance implementation during the period 2019–2023, including studies on the weather index for mutton sheep in Xilingol League in 2019 and 2020, grassland insurance in Siziwangqi, Ulanqab city, in 2022, and grassland insurance in Wushen Banner and Etuoke Banner, Erdos City, in the early part of 2023.

Based on the research method, considering the policy agricultural insurance pilot implementation areas, multi-stage random sampling was adopted, that is, each research first randomly selected 1 to 4 banner counties, then randomly selected 2 to 3 soum townships in each banner county, each soum township randomly selected 1 to 3 villages, and finally selected a specific number of samples in each village. In order to ensure the authenticity and validity of the questionnaire data, the team researcher needed the preliminary questionnaire training. Accompanied by local staff proficient in both Mongolian and Chinese languages, each researcher was taken individually to visit pastoral households for one-on-one questionnaire surveys. Upon entering the household, the purpose of our visit was first explained by staff proficient in both Mongolian and Chinese languages. If the herders were willing to cooperate, the next step of the survey was conducted. If they were not cooperative, a new sampling was carried out in the village. The interviewer asked questions according to a pre-designed questionnaire, the staff translated, and the herders provided answers.

Finally, 764 herding households’ survey data were obtained from 3 leagues and 11 banner municipalities. The 11 banner municipalities are shown in Table 3. The contents of the questionnaire mainly involved the personal and family characteristics of herding households, and their disaster situations, perception of climate change risks, awareness and satisfaction of agricultural insurance.



TABLE 3 Distribution of surveyed herding households and purchase of agricultural insurance in each area (unit: households).
[image: Table3]

The macroscopic data sources were mainly: the daily precipitation data of the sample areas (banners and counties) from January 2015to December 2022 were obtained from the Central Weather Station agro-meteorological data.



2.3 Variable selection

Dependent variable: “whether herding households purchase agricultural insurance” was adopted as the measure of agricultural insurance, and based on the microdata derived from multiple field household surveys over different periods, different points in time were chosen to examine agricultural insurance purchasing behavior to ensure that, as far as possible, the research was fresh in the memory of the herdsmen and that the data were more accurate. The year 2019 was chosen as the point of insurance purchase for the weather index insurance for mutton sheep, 2021 for the grassland insurance in Siziwang Banner of Ulanqab City, and 2022 for Wushen Banner and Etuoke Banner of EOrdos City, and this variable mainly examined whether herders purchased the corresponding insurance at the above points.

Core explanatory variables: climate risk mainly refers to changes in temperature and precipitation that deviate from long-term average trends, as manifested by extreme climate events such as droughts and floods. In terms of research methodology, previous scholars have mainly used indicators such as temperature levels, temperature ranges, and temperature extremes when measuring climate warming risk (Deschênes and Greenstone, 2007; Dell et al., 2012), and the vast majority of the literature uses temperature anomalies (or standard temperatures) to measure climate warming risk (Hong et al., 2019; Choi et al., 2020; Ding and Sun, 2022), and also the quantile of standardized temperature to measure climate risk (Hong et al., 2019; Choi et al., 2020), such as using areas where the standardized temperature is greater than the 80% quantile of the current year’s sample defined annually as high quantile areas, and areas below the 20% quantile defined as low quantile areas, serving as a dummy variable (Ding and Sun, 2022). In examining the impact of climate risk on the economy, fixed effects models are mostly used to remove the effects of geographic environmental factors (Deschênes and Greenstone, 2007; Dell et al., 2012).

Drought is the main feature of the climate in the northern grassland regions of China, coupled with the fact that there is more consensus in current research that temperature increases in climate change usually have less impact on grassland productivity and precipitation is the main impact factor (Gao et al., 2020). Therefore, the use of precipitation variability and extreme weather events as a measure of climate risk in grasslands is a common practice among scholars at home and abroad. For the study of the effect of precipitation changes on the behavior of micro-individuals, the absolute value of the temperature deviation for 3–5 years is currently used as a measurement term (Deschênes and Greenstone, 2007). In this paper, based on other scholars’ formulas for calculating precipitation bias (Wang et al., 2014), and in line with the purpose of the study, the average daily rainfall in the year in which agricultural insurance was purchased minus the average daily rainfall over the past 4 years was used as a measure of climate risk for each flag county. In addition, “frequency of extreme weather events in the past three years” was adopted as the replacement term for climate risk. This variable mainly comes from the questionnaire that asks herders “In the past three years, what do you think was the level of natural risk to livestock production? Pastoralists are asked to make choices based on a Likert Scale approach. The description and statistical description of each variable are shown in Table 4.



TABLE 4 Variable descriptions and statistical descriptions.
[image: Table4]

Control variables: Referring to the above studies on factors affecting agricultural insurance purchasing behavior, six aspects of household head characteristics, family characteristics, herder production and business characteristics, social capital, risk attitudes, and regional characteristics are selected, the details are as follows:

(1) Household head characteristics. It mainly includes age, years of education, and agricultural insurance perception. According to previous studies in related literature (Sherrick et al., 2004; Hill et al., 2013; Guo and Tan, 2019; Gong, 2021), the older the age, the higher the risk aversion of herding households and the more inclined they are to diversify climate risks by purchasing agricultural insurance; the more educated the herding households are, the higher their cognition of agricultural insurance may be, which in turn enhances the demand for agricultural insurance.

(2) Household characteristics. The main characteristics include pure herding income and family members’ employment status (Akter et al., 2016). Among them, the higher the pure herding income is, the more likely it is to be affected by climate risk and the higher the demand for agricultural insurance purchase; whether any member of the family has held a public position, and the higher the probability of agricultural insurance purchase for herding households who have held a public position.

(3) Herding households’ production and operation characteristics. It mainly includes the pasture area. Among them, the larger the grassland area is, the greater the risk that herding households need to bear, and the more inclined they are to transfer the risk by purchasing agricultural insurance.

(4) Social capital. It includes whether they have joined cooperatives and whether their neighbors have purchased. Since the grassland area is sparsely populated and herding households are constrained by limited rationality, it is difficult for them to obtain all information about risk events, so social capital may have an important influence on their agricultural insurance purchasing behavior. At the same time, whether herding households have joined cooperatives, and if so, whether they have dispersed the impact of climate risk through cooperatives, may reduce their agricultural insurance purchasing behavior.

(5) Risk attitude. Including the number of other commercial insurance purchased. Risk attitude is an important influencing factor for herding households’ agricultural insurance purchases (Shang et al., 2020). Risk-averse herding households tend to purchase insurance to transfer risks, so the number of commercial insurance purchased by the respondent households was asked to measure herding households’ risk attitude more objectively.

(6) Regional characteristics. Including the distance to the township (Sumu).



2.4 Data description

From the calculated annual average daily precipitation deviation of single-day measured precipitation, the flag with larger precipitation deviation is Xiwuzhumuqin banner, reaching the average annual precipitation deviation of the past 4 years amounting to 0.426 mm, followed by the banners with larger deviation of precipitation in order Zhenglan Banner, Etuoke Banner, Siziwang Banner, Xilinhot, Wushen Banner, Abaga Banner, Dongwuzhumuqin Banner, which annual average daily precipitation all showed a decline of greater than 0.1 mm, and the climate risk was relatively large. The areas with smaller relative precipitation deviations are Wulagai Management Area, Suniteyou Banner and Xianghuang Banner (Figure 3).

[image: Figure 3]

FIGURE 3
 Relative changes in annual average daily precipitation. Data source: Calculated according to the daily precipitation data of the National Meteorological Observator.


In addition, from the relationship between herders’ agricultural insurance purchase and the mean value of daily precipitation deviation, the mean value of precipitation deviation in the Banner (County) of herders who purchased agricultural insurance reached 0.190 mm, while the mean value of precipitation deviation in the Banner (County) of herders who did not purchase agricultural insurance was 0.165. The precipitation deviation in the banner (county) of herders who purchased agricultural insurance was significantly higher than the precipitation deviation in the Banner (County) of herders who did not purchase agricultural insurance. Therefore, from the characteristic factual relationship between the two, the climate risk caused by the deviation may have a certain effect on the herding households’ purchase of agricultural insurance, and there may be a certain correlation between the two, which needs to be further tested empirically.




3 Results


3.1 Impact of climate risk on pastoralists’ decision to purchase agricultural insurance


3.1.1 Baseline regression

Based on the fact that the dependent variable are binary discrete variables, and the core explanatory variable essentially follows a normal distribution. Therefore, the Probit model is proposed to be used in this paper for the empirical analysis.

[image: image]

In the regression model formula (1) described above: P(yi) represents whether herding household i purchases agricultural insurance. Riski represents herding household i faced with climate risk. Xi represents the control variables. β1i and β2i represents the regression coefficients for the core explanatory variable and the dependent variable. ε represents the random error term. Furthermore, the above variables were found to have a VIF mean of 1.14 (<5) through multicollinearity tests, indicating that there is no multicollinearity among the variables.

The estimation results in Table 5 show that the greater the climate risk, the greater the probability of herding households purchasing agricultural insurance at the 1% statistical significance level, in which the probability of herding households purchasing agricultural insurance will increase by 0.399% for each unit increase in climate risk. The reason for this is that climate risks are frequent in grassland areas, the income source is single, and the abnormal climate changes act on herding households’ agricultural production through both direct and indirect channels, which may lead to farmers’ risk loss aversion and active search for risk management tools to reduce risk losses, and then produce agricultural insurance purchasing behavior.



TABLE 5 Baseline regression results of the effect of climate risk on pastoralists’ agricultural insurance purchasing behavior.
[image: Table5]

In addition, from the model regression results, age, education level, and agricultural insurance cognition among herding households’ characteristics have significant positive effects on agricultural insurance purchasing behavior, especially agricultural insurance cognition has an impact on herding households’ agricultural insurance purchasing behavior, among which, each unit increase in agricultural insurer’s cognition will increase herding households’ agricultural insurance purchasing probability by 0.105%. Concerning household characteristics, the influence of public employment on herding households’ agricultural insurance purchasing behavior was not significant, indicating that the “de-administration” of agricultural insurance purchasing was more obvious. Among the production and operation characteristics of herding households, the pasture area has a greater influence on the purchase of agricultural insurance, indicating that the larger the pasture area, the higher the climatic risk faced by herding households, and the more likely they are to purchase agricultural insurance. In terms of social capital, whether or not neighbors purchase agricultural insurance has a positive and significant effect on the purchase behavior of herding households, indicating that herding households have difficulty obtaining all the information about the risk of climatic events due to the sparseness of the area, information and transportation, and the purchase of agricultural insurance is more likely to be influenced by the purchase behavior of neighbors, and a “herd effect” occurs.



3.1.2 Robustness test

In order to test the reliability of the conclusions obtained from the model, a robustness test of the conclusions is required. The robustness test of climate risk on pastoralist participation in agricultural insurance may be performed because of measurement error and sample selection problems that lead to the unreliability of the results.

To avoid the unreliability of the findings due to the measurement of climate risk by precipitation anomalies, the climate risk measured by rainfall variability in Table 5 was replaced by the frequency of extreme weather events to measure climate risk, and the Probit model was used again for robustness testing. In general, the risk perception level of farmers matches the actual occurrence of risk (Huang and Qian, 2023), so the frequency of extreme weather events was measured by asking herders “How much risk do you think the livestock production faced in the past three years,” and the Likert scale was used to measure the frequency of extreme weather events. The results showed that for each 1-unit increase in climate risk measured by the probability of extreme weather events at the 10% statistical significance level, the probability of herding households to purchase agricultural insurance increased by 0.025%, i.e., climate risk significantly promoted herding households’ agricultural insurance purchase behavior. The core explanatory variable climate risk was also subjected to a 5% upper and lower tailing process, and the regression test was conducted on the tailed data to verify the robustness of the above findings, and the results yielded similar results to the regressions in the above paper, which proved that the regression results of this paper are somewhat robust (Table 6).



TABLE 6 Robustness tests: replacement of explanatory variables.
[image: Table6]




3.2 Heterogeneity test

Based on the theory of herding household differentiation, the results of model (1) and model (2) in Table 7 report the effects of climate risk on the agricultural insurance purchasing behavior of herding households with different behavioral abilities, respectively. Among them, the results of model (1) show that climate risk has a positive but insignificant effect on the agricultural insurance purchasing decision of lifestyle herding households, indicating that the effect of climate risk on the agricultural insurance purchasing decision of lifestyle herding households is uncertain. The results of model (2) show that the influence of climate risk on the agricultural insurance purchasing decision of herding households shows a positive and significant influence with a regression coefficient of 1.634, and it is significant at the 1% statistical level, and the probability of agricultural insurance purchasing behavior of production-oriented herding households will increase by 0.380% for every 1 unit increase in the water deviation of climate risk decline. Hypothesis 2 that there is a difference in the effect of climate risk on productive and subsistence herding households is verified, i.e., the effect of climate risk on subsistence herding households’ agricultural insurance purchase decisions is unclear, and there is a positive effect on productive herding households’ agricultural insurance purchases.



TABLE 7 Impact of climate risk on herders’ decision to purchase agricultural insurance: discussion based on herders’ differentiation.
[image: Table7]



3.3 Analysis of the mechanism of the role of climate risk on the purchase of agricultural insurance by productive pastoralists

In order to further analyze the influence mechanism of climate risk on the agricultural insurance purchase decision of productive pastoralists, this paper draws on the mediating effect model test proposed by Wen et al. (2004) and refers to the test of the mediating effect of the Porbit model with binary variables by Sun et al. (2020) to set the influence of climate risk on the agricultural insurance purchase decision of productive pastoralists as the following model formula (2)–(4), with the specific expressions:

[image: image]
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Where Y represents herders’ agricultural insurance purchase, X is climate risk, and M is herders’ risk perception; X is the effect on Y through M, i.e., the mediating effect.

The regression results in Step 2 show (as in Table 8) that, given constant control variables, climate risk has a positive effect on farmers’ risk perception and is significant at the 5% statistical level. Step 3 After climate risk and risk perception are added to the agricultural insurance purchase decision of production pastoralists, the greater the change in climate risk, the greater the likelihood of production-type pastoralists purchasing agricultural insurance at the 1% statistical level; and At the 10% statistical level, an increase in risk perception increases the likelihood of production-type herding households to purchase agricultural insurance. Step 3 The coefficient of 1.586 for the effect of climate risk on production-type herding households’ agricultural insurance purchase decision is smaller than the coefficient of 1.634 for Step 1 and is significant, indicating the existence of a mediating effect of risk perception in the effect of climate risk on production-type herding households’ agricultural insurance purchase decision, i.e., Hypothesis 3 is supported.



TABLE 8 Results of the test for mediating effects of risk perception.
[image: Table8]

To ensure the robustness of the above results, the test is based on the mediating effect product stepwise method for category variables proposed by Fang et al. (2017). The 95% confidence interval for Za × Zb obtained from the RMediation package of the R software is [0.340, 1.092], which does not contain 0. Therefore, the mediation effect is significant.




4 Discussion

This paper constructs an analytical framework of “climate risk, risk perception and herding households’ agricultural insurance purchasing behavior.” We find that climate change positively affects the purchasing behavior of herding households, and that the effects on individual herding households of different natures are heterogeneous, which is consistent with Zheng et al. (2021) and Hu and Zheng (2021), revealing the purchasing behavior of herding households in agricultural insurance under climate change. However, unlike Zheng et al. (2021) and Hu and Zheng (2021), which focus on farmers, this paper finds that climate change, especially abnormal fluctuations in precipitation, is more likely to affect pastoralists, and the results of the probit model show that for every unit increase in climate risk, the probability that a pastoralist purchases agricultural insurance increases by 0.399 per cent, and that after substituting the risk measure variables and shrinking the tails. This finding remains robust. In contrast, Zheng et al. (2021) find that for every unit increase in climate risk, the probability of a farmer purchasing agricultural insurance increases by 0.182 per cent. The above study comparison indicates that the impact of climate risk on herding households’ agricultural insurance purchasing behavior is higher than its impact on farming households, which is also more in line with reality. This is because herding households have a relatively single livelihood compared to farming households, weaker risk resilience, and climate change will have a greater effect on their corresponding impacts.

In addition, in terms of the mechanism of climate change on the agricultural insurance purchasing behavior of productive herders, this paper argues that climate risk is transformed from an external factor to an internal purchasing incentive for farmers mainly through the risk perception of herders, which is also different from Zheng et al.’s findings (Zheng et al., 2021).

Admittedly, the article still has many shortcomings. Firstly, although there are only two types of policy grassland-type insurance in Inner Mongolia (as shown in Tables 1, 2), ignoring these differences may have an impact on the study’s conclusions, as two different types of insurance are involved and different time periods are involved. Secondly, due to the limitation of time and capital cost, in terms of the scope of the research, this paper lacks research on the Hulunbeier grassland area in Inner Mongolia, which leads to the failure of the scope of the research to cover all the grassland area in Inner Mongolia. In the future, the in-depth exploration of this issue can be further enhanced.



5 Conclusion

In the critical year of high-quality development of agricultural insurance and comprehensive promotion of rural revitalization, the agricultural insurance system in pastoral areas in China should be improved from the following aspects: First, the differentiated premium subsidy policy should be optimized to stimulate the agricultural insurance demand of herding households based on household consumption. Although scholars point out that it is difficult for farmers to generate sufficient incentive to participate in insurance without premium subsidies from the perspective of “institutional induction” (Xie and Pu, 2003), based on the different basic conditions of agricultural production practices in different parts of China, and against the background of increasing climate risks, it is important to increase the demand for agricultural insurance in pastoral areas with a single source of income and large risk exposure. In the context of increasing climate risk, it is important to increase the agricultural insurance subsidies for pastoral areas with a single source of income and a large risk exposure to stimulate the agricultural insurance purchase demand of consumer pastoral households and enhance the disaster resilience of pastoralists. Second, strengthen the construction of risk-formation assessment and early warning systems in pastoral areas, increase the construction of a big data sharing platform for agricultural risks, and improve the level of risk prediction and perception of herding households. On the one hand, effective climate forecasting can improve ex-ante risk management, i.e., risk minimization, because agricultural producers can reduce input sources and risk exposure in advance (Carriquiry and Osgood, 2012; Li et al., 2022). Accurate and effective weather forecasting can effectively enhance the ex-ante risk management ability of pastoralists and improve their disaster prevention ability. On the other hand, based on the characteristics of the vast and sparsely populated pastoral areas and closed information, the construction of an agricultural data-sharing platform for risk assessment and early warning in pastoral areas, supplemented by regular training and education of agricultural risk management knowledge by dedicated personnel, can effectively improve the risk perception ability to herd households, transform external changes in climate risk into intrinsic motivation for herding households to purchase agricultural insurance, and effectively improve the response-ability to herd households to changes in climate risk. This can effectively enhance the ability to herd households to cope with changes in climate risks and play the role of agricultural insurance “safety net” and “firewall.”
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Insurance cognition extent
Net pastoral income
Experience as a public officer
Grassland area

Cooperative participation

Neighbor purchase dec

ns
Commerciallfe insurance
Distance to the closet Sumu
Constants

povalue

Pseudo R2

Sample size

Model (1): Life-type pastoralist

Parameter estimation Estimation of
marginal effects
1.498(3.150) 0.227(0.474)
~0.112*%(0.055) ~0.017*#(0.006)
—0.071(0.139) ~0.010(0.020)
0.7287%(0.270) 0.110%%%(0.029)
0.373%%(0.179) 0.056**%(0.021)
—1.763(1.084) ~0.267%(0.152)
2593%(1.33) 0.393%%(0.175)
0.908(0.777) 0.137(0.112)
0.821(0.573) 0.124(0.082)
—0.749(0.516) ~0.113(0.070)
0.018(0.019) 0.002(0.002)
233(3.092) =
0.000
0.602
19

¥, %%, %% denote 10, 5 and 1% significance levels, respectively; robust standard errors are in parentheses.

Model (2): Productive pastoralist

Parameter estimation Estimation of

1.634%%%(0.530)
0.016*%(0.006)
0.037%(0.021)
0447%7%(0.040)
0.001(0.001)
~0.157(0.160)
0.3437%(0.145)
0.001(0.140)
1.082%%%(0.120)
0.070(0.081)
~0.001(0.001)

~2.832%%(0.449)

marginal effects

0.380%%%(0.120)
0.003*%(0.001)
0.008%(0.004)
0.104%7%(0.007)
0.0004(0.0003)
~0.036(0.037)
0.079*%(0.033)
0.001(0.032)
0251%%%(0.023)
0.016(0.018)
~0.000(0.000)
0.000
0395

715
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Descriptiol

Whether to buy agricultural insurance

Insurance

Climate Risk Absolute value of the difference between the
average daily precipitation of the year in which
agricultural insurance was purchased and the
average daily precipitation of the last four years.
‘The main consideration is that prairie-type
insurance i typically purchased in September of
year tfor year t+ 1 and is covered for one year.
Frequency of extreme weather events [According
to the IPCC (Intergovernmental Panel on Climate
Change) report, extreme weather events are those
that oceur within a short period of time, such as
heavy rainfall floods, droughts, heat waves, and so

on in the last 3years

Herding household The main consumption of the family,that s, the

different living type of herding households

Market demand oriented, i.c., production farmers

Risk Perception Over the past 3years, do you think the level of

natural risks to livestock production has changed

Age Yourage is

Education level Respondents’actual years of education (years)

Insurance cognition | Understand premium subsidies, types of insurance

extent disasters, claim conditions, insurance periods, and
‘maximum compensation amounts

Net pastoral income | Pure ranching income

Grassland area Own covered pasture area + transferred in area -

transferred out area

Experience asa Whether you have held public office
public officer
Cooperative Have you ever joined a cooperative?

participation

Distance to the Distance of your home from the township (Sumu)

closet Sumu

Commercial Number of other commercial insurance purchased

insurance

Neighbors purchase | Does your neighbor have agricultural insurance

decisions

Data source: Organize according to the survey questionnaire.

Assignment

No; 1= Yes

Actual value (mm)

1=very small; 2= relatively
smalls 3=average;
4=relatively large; 5=very

large

‘The percentage of pure
grazing income <50% s

assigned a value of 0

‘The percentage of pure
grazing income >50% is

assigned a value of 1

Assign avalue of 1if the
risk is considered to have
changed, otherwise 0
Actual value (years)
Actual value (year)
0=No; 1= Yes. Four items

are accumulated

Actual value (million yuan)

Actual value (million mu)

0=Noj 1=Yes

0=Noj 1=Yes

Actual value (km)

Actual value (pcs)

0=Noj 1=Yes

Mean

0.556

0178

3774

0.935

0.705

47.839

8.557

2.069

23717

0.492

0.201

0.253

28.895

0.586

0.524

Sd

0497

0121

1014

0245

0456

9519
3212

1711

43.255

0.694

0.401

0435

30,890

0723

0.499

0.007

0426

891
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Location Number of herding households ~ Number of agricultural insurance

surveyed purchased
Xilinhot 13 6
Xiwuzhumugin Banner 101 7
Waulagai Management District 19 9
Dongwuzhumugin Banner 72 39
Abaga Banner 75 29
Zhenglan Banner 45 19
Suniteyou Banner 97 55
Xianghuang Banner 2 n
Shiziwanggi 49 26
Etuoke Banner 70 46
Wushen Banner 100 51
Total 764 425

Data source: Organize according to the survey questionnaire.
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Elements Of Insurance

Terms

Pilot Area

Insured Amount
Duration Of Insurance

Premium Rate and Contributions

Insurance Expenses
Claim Settlement Mechanism

Claim Handling

Details

Chenbacrhu Banner and Ewenke National Autonomous Banner of Hulunbeier City, Zhalaite Banner of Xingan League, Zhalute
Banner of Tongliao City, Alukeerqin Banner of Chifeng City; Siziwang Banner and Qahar Right Middle Banner of Ulangab City
Etuoke Banner, Wushen, Hangjin Banner, and Etuokegian Banner of Erdos City, Urad Rear Banner of Bayannur City, Tengger
Development Zone of Alxa League

‘Warm meadow grassland: 40 yuan/mu; Warm grassland (typical grassland) 30 yuan/mu; Warm desert grassland: 20 yuan/mu
Tyear

“The premium rate is 5%,Among them, the autonomous region bears 50%, the league city bears 20%, the county bears 10%,and the
herders bear 20%.

‘Warm meadow grassland: 2 yuan/mu; Warm grassland (typical grassland) 1.5 yuan/mu; Warm desert grassland: 1 yuan/mu

Precipitation index, assisted by remote sensing and measured yield
Drought: moderate 20%, severe 60%, extremely severe 100%;

Compensation shall be initiated when the fire causes the direct death of the grassland subject to insurance;

Pests and rodents: 20% compensation for hazard level, 50% compensation for 1.5 times of hazard level, 80% compensation for
serious hazard level and above

Dust storm: 20%, strong dust storm 40%, super strong dust storm 100%.

Data source: Organized according to the Inner Mongolia Autonomous Region Department of Finance, Forestry and Grassland Bureau [2021] No. 628,
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Elements of insurance

terms

Pilot Area

Insurance Risk
Covered Persons.

Premium Rates and Contributions

Insured Amount
Duration Of Insurance

Claim Settlement Mechanism

Number Of Insured Mutton Sheep

Claim Handling

Details

‘The whole territory of Xilingol League; Hulunbeier City: Xinbaerhuzuo Banner, Xinbacrhuyou Banner,Ewenke National Autonomous
Banner, Chenbaerhu Banner

Major natural disasters in grassland livestock husbandry: droughts and snowstorms
Grassland mutton sheep herders

‘The premium rate s 8% and actual premium for each sheep is 15 yuan, the autonomous region financial subsidies 40%, alliance, and
banner county financial subsidies 15%, and the insured herdsmen pay 30% of their premiums, .., the insured herdsmen pay a
premium of 45 yuan per sheep.

‘The premium rate is 8% with a maximum coverage of 187.50 yuan per sheep; 2 yuan per day for drought and 3 yuan per day for snow.
Lyear

Xilingol: drought: evapotranspiration difference, snowstorms: degree of snow cover of pasture, number of days of snowstorms, and
snow area ratio.

Hulunbei

drought: precipitation distance level percentage, snowstorm: maximum snow depth and number of days of snow

accumulation.
‘The number of insured animals s controlled to be within the approved carrying capacity based on the grass-storage balance.

Although there s a slight difference in the payout between the two cities, basically different levels of payouts are made according to the

level of damage and the number of days of damage.

Data source: Organized by the Xilin Gol League Administrative Office [2018) No. 93 and Hulunbeier City Agriculture and Animal Husbandry Bureau and Finance Bureau [2018] No. 510,
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