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Background: China's uneven development under the urban-rural dichotomy has led to the discouraging development of children in rural areas. China is a large agricultural country and agricultural disasters are relatively common. Rural children aged 10–15 whose families depend on the agricultural economy may experience far-reaching negative effects from these disasters.

Objective: This study explored the effects of agricultural disasters on rural children's development, including cognitive and noncognitive skills, and academic pressure.

Methods: Survey data from the China Family Panel Survey and the National Meteorological Administration for 2010–2018 and a fixed-effect panel model with difference-in-differences regressions were used in the study.

Results: The fixed effects model results showed evidence that agricultural disasters have a negative impact on rural children's cognitive and noncognitive skills and a positive impact on academic pressure. The statistically significant coefficients are −0.092, −0.938, and 0.223, respectively. School and family environments also explain children's development. Robustness tests confirmed these results.

Conclusions: Evidence shows that agricultural disasters have a significant negative impact on rural child development. It may be inferred that these will increase the difficulty of narrowing the urban-rural development gap. China is committed to promoting prosperity for all its people. Special attention should be paid to the consequences of disasters at the child level and appropriate measures should be taken to mitigate possible negative impacts.
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Introduction

Agricultural disasters have a significant impact on farming families because of their uncertain and destructive nature (1). With global climate change, their more frequent occurrence poses a great threat to the sustainable development, life, and well-being of rural families (2), a threat that has drawn global attention (3–5). China is an important agricultural trading country in the world, and has a long agricultural production cycle, unstable economic productivity, and high risks in production. It suffers the most serious agricultural natural disasters in the world, with many types of disasters, large affected areas, and a high proportion of disasters over the years (6). Agricultural production in China is highly affected by drought (7), floods (8), spring forests (9), insect pests (10), and meteorological disasters (11). Many studies have demonstrated the direct impact of natural disasters on farming, such as physical damage to crops and livestock production, leading to harvest failures and reduced revenue from animal husbandry (12, 13). However, information on the indirect impacts of agricultural disasters, especially on children in rural China, is limited; however, several studies have noted the adverse effects of agricultural volatility on the livelihoods of rural families (14), which in turn have serious effects on critical investments in rural children such as school enrollment and malnutrition (15). These findings need further verification. Moreover, the effect of agricultural disasters on other manifestations of child development, such as cognitive and noncognitive skills, has largely been ignored, another area for further investigation.

We think that the likely impact of agricultural disasters on child development is primarily a further consequence of disasters' shocks to household income and consumption. Taylor (16) found that the choice of consumption behavior is quite different with the variation in the income loss. Later studies have further proved that when faced with the impact of natural disasters, the consumption smoothing and consumption insurance will lead families to make different consumption choices when faced with disasters. Harbaugh (17) shows that people who have suffered from severe famine will form a long-term frugal consumption habit, and the consumption level will increase slowly. Moreover, the experience of serious disasters will lead to the formation of high saving tendency, which will lead to insufficient motivation of private investment and consumption. Chetty (18) used the Indonesia and the United States data and found that external shocks, such as disasters, have great impact on household consumption decisions. Families with poor economic conditions are more likely to maintain the basic consumption level by cutting children's human capital investment.

Child development is a lasting subject that has received worldwide attention and importance for up to a century (19, 20); however, uneven child development continues to be widespread worldwide, especially in developing countries (21–23). As the world's largest developing country, China's uneven development across the urban-rural dichotomy has led to disappointing development of children in rural areas (24, 25). Research has shown that the uneven development of children in rural China needs to be taken seriously (26), especially regarding their academic performance (27) and cognitive and noncognitive skills (28). Children's academic performance impacts their future educational attainment and health (29), associated with an increase in income and social status in the long-term (30). An increasing number of studies have explored the academic performance of children as an important way to promote the development of human capital (31–33), which may not only promote children's self-development (34) but also improve the subjective well-being of their parents (35). However, the academic performance of rural children is very different from that of urban children and is closely related to family income (36). In rural China, because of limited family resources (37), parents of poor families are usually unable to sufficiently invest in their children's education (38), which then affects their children's achievements. Studies have also found the differences between rural and urban children when it comes to cognitive and noncognitive skills are significant (39, 40). Since cognitive and noncognitive skills are regarded as strong determinants of employment status, work experience, and wages, they are important predictors of schooling outcomes and have been shown to strongly correlate with engagement in a range of risky behaviors (such as smoking, teenage pregnancy, and crime) (41). Consequently, the improvement of rural children's cognitive and noncognitive skills also needs to be considered. Studies have shown that many factors influence children's outcomes, such as parental education (42, 43), parental effort (44–46), school and teacher quality (47–49), and socioeconomic background (50–52), etc. However, studies of external environmental condition factors, such as agricultural disasters, which occur frequently in rural areas and have a significant impact on the lives of rural families in the Chinese context, remain limited.

This study aimed to explore the effect of agricultural disasters on rural children's outcomes (academic performance, cognitive, and noncognitive skills) and to contribute to the existing literature in the following ways. First, as existing studies have mainly focused on the direct impact of agricultural disasters on agricultural development and farm household income, we further explore the indirect impact of agricultural disasters on rural children's development from the perspective of academic performance and cognitive and noncognitive skills. Second, research on children's development has not focused on agricultural disasters, although some studies found that earthquakes have psychological repercussions and noncognitive impairment in children (53), and school closures due to forest fires affect children's academic performance (54); studies have only focused on natural disasters in other countries, but not on agricultural disasters in China. This study focuses on the impact of agricultural disasters on rural children and provides a new perspective for agricultural policy research. Third, this study analyzed longitudinal data on rural children in China, and hence this is one the first studies to evaluate and examine the effects of agricultural disasters on children's development using panel data measuring current and deferred impacts. Finally, this study used difference-in-differences regression to assess the relationship between agricultural disasters and rural children's development to mitigate endogeneity problems caused by selection bias.

Given that households in rural settings whose income mainly comes from agriculture often face significant risks of agricultural disasters, and most rural children's development will be influenced by the daily production and operation of their households. Since this is relevant to future human capital development and productivity gains, one might expect study of the absolute and relative importance of children's noncognitive skills to be greater in developing countries. However, high cognitive skills and academic performance may be relatively scarce in such settings. Thus, empirical evidence of the absolute and relative importance of children's cognitive and noncognitive skills and academic performance in developing countries is of considerable interest.



Materials and methods


Data

The data came from China Family Panel Studies (CFPS), which focuses on the economic and non-economic welfare of Chinese residents and many research topics, including economic activities, educational achievements, family relations and family dynamics, population migration, and health. This is a nationwide, large-scale, multidisciplinary social tracking survey project. The sample covered 25 provinces and autonomous regions, with a target sample size of 16,000 households. The children questionnaires, adult questionnaires, and the family economy questionnaires were available in all surveys of 2010, 2012, 2014, 2016, and 2018. The five waves of cross-sectional data were then combined into imbalanced panel data. We retained variables such as cognitive ability, noncognitive ability, academic pressure, children's age, children's gender, whether there is mountainous terrain in the locality, father's age, mother's age, father's education level, mother's education level, and deleted the missing samples.

The agricultural disaster data came from agricultural disaster reports published by the National Meteorological Administration, including variables such as the year of natural disaster occurrence, provinces, regions, cities, and counties, disaster types, affected crops, date of occurrence, and degree of disaster. We merged household and agricultural disaster data by year and county. The final sample size was 5,188, including 1,593 children in 2010, 862 in 2012, 1,075 in 2014, 882 in 2016, and 776 in 2018.



Model setting

Owing to the repeated occurrence of agricultural disasters, natural experiments with multiple occurrences are suitable subjects for analysis. Several studies have been conducted to assess the impact of natural disasters using the difference-in-difference method (55–57). This study refers to Raker's work (58) and uses the difference-in-differences method for multi-period quasi-natural experiments to separate the impact of agricultural disasters on the development of rural children from the time series of influencing factors to assess the impact of agricultural disasters on the development of rural children. Compared with the occurrence of a single event, the temporally staggered occurrence of agricultural disasters in this study requires a certain degree of exclusion of other potentially confounding variables from interfering with the results. To clearly capture the impact of the occurrence of agriculture disasters on the development of rural children, children in counties where agriculture disasters occurred between 2010 and 2018 were used as the treatment group and where agriculture disasters did not occur, those children were used as the control group, thus enabling the impact of the quasi-natural experimental event of “agriculture disasters” on the development of rural children to be obtained. We used unbalanced panel data for our empirical analysis. The fixed effect panel model equation is shown in Equation (1).

[image: image]

In Equation (1), the dependent variables Yit are cognitive skills, noncognitive skills, academic pressure, and academic achievement. The core independent variable Disasteri, t is equal to 1 if the child's county has been hit by any agricultural disaster in the period from 2010 to year t and 0 if no agricultural disaster occurred during that period. For example, if the children's county was hit by an agricultural disaster in 2014, the values of Disasteri, t are 1 in 2014, 2016, and 2018 and 0 in 2012. Since the difference-in-difference method involves constructing a “treatment group” with a policy treatment and a “control group” without a policy treatment, and it can explain the policy effects by controlling for other factors and comparing the differences between the treatment and control groups before and after the implementation of the policy, it is widely used to evaluate policy effects (55, 56). Moreover, as in our study, there is a sequential difference in the timing of the “treatment” of the study subjects, with the policy starting as a pilot and gradually being rolled out, which constitutes a progressive difference-in-difference model. Other uses of this model include using the incremental push for democratization in different African countries to examine its impact on infant mortality (57), using the progressive diffusion of the family land contract responsibility system there, to examine its impact on the progressive diffusion of the family land contract responsibility system in different countries (55); another use is to track bank deregulation in different North American states to examine its impact on income distribution (58).

Zi, t are the control variables, including children's birth year, gender, the presence of high mountainous terrain, and the timing of fights with parents. δt indexes the time fixed effects, and φi indexes the area fixed effects.



Agricultural disasters in China

Since China is one of the countries most affected by agricultural disasters in the world, such disasters have severely affected the production and livelihoods in rural areas during 2009–2018 (59). According to Agri-meteorological disasters, hazards, drought, wind and hail, and low-temperature frost damage rates all show a decreasing trend, whereas floods do not show a clear upward trend (60, 61). The most obvious characteristics of agricultural disasters in China are their prevalence, regional nature, and seasonality (62). Droughts are significantly greater in the north than in the south; the west and north-west are vulnerable to wind and hail disasters, and the Yangtze River Basin and the three northeastern provinces are more affected by floods, which are universal, regional, destructive, and defendable (61, 62). Low-temperature frost is more severe in the north than in the south, and wind and hail damage is likely to have sustained and severe impacts in the northwest (61). According to Agri-biological disasters, more than 1,700 species that occur year-round and more than 100 periodically prevalent can cause serious damage (63). Agri-biological disasters vary between provinces. Ten provinces have been more affected by crop pests and diseases than the national average, with the top four provinces being Shanghai, Jiangsu, Zhejiang, and Hebei, in order of severity. There were 16 provinces in which weed damage to farmland was heavier than the national average: the six provinces with the most severe weed infestations were Shandong, Hunan, Jiangsu, Hebei, Beijing, and Zhejiang. Rodent infestation on farmland was heavier than the national average in 15 provinces, of which four provinces were heavily affected, including Beijing, Jilin, Qinghai, and Chongqing (64).

The occurrence of agricultural disasters was used as an independent variable in this study. According to the statistics on agricultural disasters published on the official website of the National Meteorological Administration, during 2009–2018, 48 county districts in 39 municipalities, including 19 provinces directly under the central government, suffered agricultural disasters and losses. Agricultural disasters include agri-meteorological and agri-biological disasters, such as rainstorms, continuous rain, hail, drought, snow damage, cold damage, freezing damage, frost, cold wind, strong winds, dry-hot winds, high temperature and high-temperature heat damage, floods, wind disasters, tropical cyclones, stripe rust, powdery mildew, sheath blight, scabs, rice blast, borer, and rice planthoppers. The affected crops include grain crops, such as early rice, late rice, and spring wheat, as well as cash crops, such as sunflower, peanut, and ordinary cotton. The degrees of agricultural disasters were light, medium, heavy, and unknown. The occurrence of agricultural disasters is an independent variable, and has a balanced and gentle trend over time. Agricultural disasters affected 220 children in 2010, 128 in 2012, 126 in 2014, 126 in 2016, and 97 in 2018.



Dependent variables

The dependent variables were rural children's cognitive skills, noncognitive skills, and academic pressure.

(1) Cognitive skills were recoded as 1 for good and 0 for bad. The measurement of cognitive skills involved standardizing the scores of the math test and word test in the cognitive ability part of the CFPS questionnaire and then adding them together to obtain the total cognitive ability score. The top 50% of cognitive skills was recorded as 1, and the bottom 50% were recorded as 0.

(2) Noncognitive skills were based on a scale of 10, which corresponded to 0–10 as low to high. Noncognitive skills were measured by summing up the scores of the items of the CES_D scale in the noncognitive ability part of the CFPS questionnaire. The CES_D scale is called Catchment-area Epidemiology Survey-Depression Scale, which is widely used in epidemiological investigation to screen out people with depressive symptoms. The higher the scale score reached, the worse the mental health was.

(3) Academic pressure reflects the academic performance of rural children. It was measured using a five-level question in the academic performance section of the CFPS: “What level do you think your academic pressure is?” Options 1 and 2 were coded as 0, and options 3, 4, and 5 were coded as 1.

The three dependent variables were cognitive skills, noncognitive skills, and academic pressure. Descriptive statistics showed that rural children's development differed depending on whether their district was experiencing agricultural disasters. To further verify whether agricultural disasters have an impact on rural children, the following results were obtained.




Results


Basic results

Table 1 shows the impact of agricultural disasters on rural children's development using a fixed-effect panel model with difference-in-difference regression. For comparison, we used ordinary least squares (OLS) regression at the same time, which indicated that agricultural disasters had no statistical correlation with rural children's cognitive and noncognitive skills or academic pressure. However, there was a possible causality in the difference-in-differences models controlling for individual fixed effects.


TABLE 1 DID regressions results.

[image: Table 1]

First, agricultural disasters negatively impact rural children's cognitive skills. When the district of children's families has been affected by agricultural disasters in the last 2 years, children's cognitive scores (including math skills and word skills) will have a distinctive decrease. The coefficient of agricultural disasters occurring is 0.092 and significantly negative at the 10% level when it comes to rural children's cognitive skills, which indicates that the occurrence of agricultural disasters significantly reduces the cognitive skill of rural children, in terms of economic significance; if the municipality that children live in suffered agricultural disasters in the last 2 years, the scores of their cognitive skills would decrease by 0.092 points.

Second, agricultural disasters negatively affected rural children's noncognitive skills. When the district of children's families has been affected by agricultural disasters in the last 2 years, the children's noncognitive scores (CES_D scores) decrease. The coefficient of agricultural disasters occurring is 0.938 and significantly negative at the 0.1% level, which indicates that if the municipality in which children live suffered agricultural disasters in the last 2 years, the scores of their non-cognitive skills decreased by 0.938 points.

Third, agricultural disasters negatively impact rural children's academic pressure. When a district of children's families has been affected by agricultural disasters in the last 2 years, the children's academic pressure will increase. The coefficient of agricultural disasters occurring is 0.223 and significantly positive at the 10% level, which illustrates that if the municipality that children live in suffered agricultural disasters in the last 2 years, the level of their academic pressure would increase by 0.223 points, that is, the occurrence of natural disasters significantly increases the academic pressure on rural children.

The results of the estimation of the other control variables were also consistent with theoretical expectations. In summary, the occurrence of agricultural disasters had a significant negative impact on rural children's cognitive and noncognitive skills and a positive impact on academic stress.

As for the OLS regression results, there were no significant results on the impact of agricultural disasters on rural children's development, but all had the same direction of coefficients as the fixed affected panel model results. These results indicate that, although there were no statistical relationships between agricultural disasters and rural children's cognitive and noncognitive skills, the fixed affected panel model results proved that causality existed between them.



Robustness test

To test the robustness of the results and further reduce endogeneity problems, we firstly tested parallel trend assumptions as the approach used in similar literature. They are consistent with the above results. Then, we selected children who appeared three times in the full sample, giving us five cross-sectional samples to form a subsample. The sample size was 1125. The fixed affected panel model with difference-in-differences regression, as seen in equation (1), was also used to estimate the impact of agricultural disasters on rural children's development. Table 2 shows the results of the three fixed affected panel models with children's cognitive skills, noncognitive skills, and academic pressure.


TABLE 2 DID regression result of subsample regression of appearances 3 times.

[image: Table 2]

According to children's cognitive and noncognitive skills, the results in Table 2 are similar to those in Table 1. First, for children's cognitive skill level, the coefficient of agricultural disasters occurring is −0.102 significantly negative at the 10% statistical level, that is, when the municipality in which children live in suffered agriculture disasters in the last 2 years, the scores of their cognitive skill would decrease by 0.102 points, which indicates that the occurrence of natural disasters significantly reduces the cognitive skill of rural children; second, for children's noncognitive skill level, the coefficient of agricultural disasters occurring is −1.189 significantly negative at the 0.1% statistical level, indicating that the occurrence of natural disasters significantly reduces the noncognitive skill of rural children. These robustness test results again confirm the cognitive and noncognitive skills results of the full-sample regression.



Heterogeneity
 
School class types

As children's development may be influenced by their school and class environments, this study analyzed the heterogeneity of children from different class types affected by agricultural disasters. Some schools assign students to key or non-key classes. These schools usually place more emphasis on students' academic performance, and students in key classes tend to have a more solid foundation, generally better grades and better teachers, but also more pressure; in contrast, students in non-key classes have poorer grades and a poorer learning atmosphere. Some schools do not differentiate between key and non-key classes, and all students are in ordinary classes. According to the differences in class types, children were divided into three groups: key, non-key, and ordinary classes. The results of class-type heterogeneity analyses are presented in Table 3.


TABLE 3 The results of class types heterogeneity analysis.
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The results show that agricultural disasters have a significant impact only when children are in a non-key class. The coefficient of agricultural disasters occurring is −2.153 and significantly negative at the 0.1% level when it comes to rural children's noncognitive skill, which indicates that the occurrence of agricultural disasters significantly reduces the noncognitive skill of non-key class children, in terms of economic significance; if the municipality that children live in suffered agricultural disasters in the last 2 years, the scores of their noncognitive skills would decrease by 2.153 points. Regarding non-key class children's academic pressure, the coefficient of agricultural disasters occurring is 0.782 and significantly negative at the 0.1% level, which indicates that if the municipality that children live in suffered agricultural disasters in the last 2 years, their academic pressure would increase by 0.782 points. The other independent variables and other class types were not significant.



Parents' concern for education

As children's development may be influenced by the family environment, this study analyzed the heterogeneity of children based on different parental concerns. According to the difference in parents' concerns, the children were divided into two groups: in one group, their parents often checked their homework (parents think highly of education), and in the other, their parents ignored their homework (parents think little of education). The results of class-type heterogeneity analyses are presented in Table 4.


TABLE 4 The results of different parents concerns heterogeneity analysis.
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The results of the class type heterogeneity analysis show that only when parents think highly of study will agricultural disasters have a significant impact on their noncognitive skills. The coefficient of agricultural disasters occurring is −0.817 and significantly positive at the 5% level when it comes to rural children's noncognitive skill, which indicates that the occurrence of agricultural disasters significantly reduces the noncognitive skill when parents think highly of study, in terms of economic significance. In the municipalities in which children who parents think highly of study live in suffered agriculture disasters in the last 2 years, their measured noncognitive skills might decrease by 0.817 points.

For children whose parents think little of study, the coefficient of agricultural disasters occurring is 1.184 and is significantly negative at the 5% level, which indicates that if the municipality whose parents think little of study has suffered agriculture disasters in the last 2 years, their academic pressure would increase by 1.184 points. Other independent variables were not statistically significant.





Discussion and conclusions

Using survey data from the CFPS for 2010–2018 and a fixed affected panel model, this study evaluated the effects of agricultural disasters on rural children's development. To verify the results of the full sample, we took a sub-sample of this panel data with three or more occurrences to test the results for cognitive and noncognitive skills. Robustness tests corroborated our full-sample regression results. To further explore the impact of agricultural disasters on children in different school and family environments, we conducted two heterogeneity analyses. The findings are as follows.

This study explored the effects of agricultural disasters on rural children's cognitive and noncognitive skills, and academic pressure. First, agricultural disasters negatively impact rural children's cognitive skills, noncognitive skills, and academic pressure. Regarding children's cognitive skills, investment theory points out that to maximize their own utility, parents will selectively invest material and time in their children's human capital (65). Therefore, when agricultural disasters occur, rural parents may have to put more material and time into the resumption of household living operations, so that children will have less material and time investment from the family to develop their cognitive skills (38). As for children's noncognitive skills, this result validates the family stress theory (66), which states that when agricultural disasters occur, rural families face economic hardships that affect their parenting ability and psychological well-being. Under a low level of parental psychological well-being, children's noncognitive skills are influenced because parents are less able to promote family functioning and adopt a parenting style (67). As for children's academic pressure, existing studies have shown that their behavior can be affected by household income because a decrease in household income will affect their emotional and behavioral health and personality trait development (68). When children have problems with their behavioral health and personality trait development, they may not concentrate properly in class or relate well with their classmates (69). This makes the school environment unconducive to children's academic progress and self-recognition, which leads to an increase in children's academic stress (70). In addition, the family stress theory also makes sense here (66); during agricultural disasters, parental pressure will increase and the level of family parenting ability will decrease, so children's stress will increase (71). When children spent a certain amount of time in desperate situations, they felt more depressed during their studies.

Second, the effect of agricultural disasters on rural children's development differs according to their family environment. Only when parents thought highly of education did agricultural disasters have a significant and negative impact on children's noncognitive skills. However, for children whose parents thought little of education, agricultural disasters had a significant and positive impact on their academic pressure. We speculate that parents who thought little of their children's studies came from low-income families; they were busy earning money to support their families and did not have extra time to pay attention to their children's homework (72). When agricultural disasters occur, losses in agriculture may put more financial pressure on families, and family stress and parental emotions can be passed on to children, which decreases their noncognitive skills (73); that is, it decreases their noncognitive skill score. Meanwhile, parents who highly thought of their children's studies may have come from higher-income rural families, and when it came to agricultural disasters, they were not hit too hard. Parents still had enough energy to pay attention to their children's studies, which led to an increase in their children's academic pressure.

Third, the effect of agricultural disasters on rural children's development differs according to their school environment. In the key and ordinary class groups, agricultural disasters do not have any significant impact on rural children's outcomes; in the non-key class group, agricultural disasters have a significant and positive impact on children's noncognitive score and academic pressure, that is, when the district children live in has experienced agricultural disasters in the last 2 years, their noncognitive skill level will decrease and academic pressure will increase. We speculate that the reason for this is that the children in the no-key class had a worse learning base than those in the other classes, so they may have faced more academic pressure. Unsatisfactory academic performance and high levels of academic stress can affect children's mental health; thus, children's noncognitive skills are also affected (74).

Based on these results, our study offers several implications for enhancing the development of rural children suffering the impact of agricultural disasters. First, the significant role of agricultural disasters in decreasing the level of rural children's development should be emphasized. We found that agricultural disasters had a negative impact on rural children's cognitive and noncognitive skills and academic pressure. Therefore, we should strengthen disaster prevention and mitigation, take measures in agricultural natural disaster planning and early warning, and minimize the losses to rural families caused by agricultural disasters, thus reducing the impact on children's development. As such, faced with the impact of agricultural disasters, which leads to insufficient development resources that families can provide to children, the government should make more efforts to enhance rural children's protection and improve their developmental conditions in rural China.

Second, the negative impact of agricultural disasters on children's development also confirms that fluctuations in agricultural income lead to a decline in farming households' investment in children's human capital, which diminishes children's well-being and human capital (15). As investments in children are the cornerstone of enhancing well-being and breaking the cycle of intergenerational transmission of poverty, and are also central to national growth and economic development, we strongly encourage policymakers and donors to fund research on the dissemination of new crop varieties that are more resilient to climate volatility with high-yield traits to better ensure farmers' income, which will enable them to continue spending money on and paying attention to their children's development.

Third, children's environment also plays an important role in their development, which is shown by heterogeneity. Both the school and family environments may influence children's development. Policymakers should focus on improving the schools and home environments of rural children. The Ministry of National Education should strengthen the construction of schools and investment in educational resources in rural areas, rationally allocate class-teaching resources, and narrow the academic gap between students. The importance of family education in rural areas should be emphasized, and publicity and education should be enhanced to raise parents' awareness of the importance of a supportive family atmosphere for children's development.

Fourth, since the resources and support needed for rural children's development are closely associated with farm household income, which is strongly influenced by agricultural disasters, to minimize farming household losses brought about by agricultural disasters, related institutions, such as the Ministry of Agriculture and Rural Affairs of the People's Republic of China, China Meteorological Administration, and Ministry of Human Resources and Social Security of the People's Republic of China, can establish linkage mechanisms for agricultural disasters and emergency management systems for natural disasters to reduce the impact of damage and losses on farmers' income and safeguard their livelihoods before, during, and after stages.

Last, the findings highlighted the extended period of the impact of agricultural disasters and identified important opportunities for intervention in human capital development resources to enable children to fulfill their potential, while previous findings in the literature on the lack of impact of agricultural disasters on children's development should be reviewed. Without targeted interventions, the children's future development may be compromised. The results should draw the attention of child development-related institutions, such as the Ministry of Education of the People's Republic of China and the National Working Committee on Children and Women under the State Council, to children's human capital development and security benefits. Furthermore, this study provides guidance for future research to discover and validate the impact mechanisms of agricultural disasters on rural children's development.

Limited by the available data, our study did not have perfectly balanced panel data, and the identification of agricultural disasters was limited to the regional level rather than the individual level; that is, where a specific household (or child) actually experienced agricultural disasters. However, since we controlled for individual fixed effects as much as possible, our results provide new insights and innovative findings on the effects of agricultural disasters on rural children's development. In subsequent studies, we will continue to search for better data to explain in greater depth the effects of agricultural disasters on rural children's development. This series of studies will support the understanding of the relationships between agricultural disasters and child development and the long-term impacts of agricultural disasters on the human life cycle. At the practical application level, this series of studies can help children who experience agricultural disasters deal with likely negative consequences.



Paper context

In rural China, frequent agricultural disasters negatively impact family production and life, posing a barrier to children's development. This pattern increases the difficulty of narrowing the urban-rural development gap. Our study evaluated the effects of agricultural disasters on rural children's development, including their cognitive skills, noncognitive skills, and academic pressure. Special attention should be paid to the consequences of disasters on children, and appropriate measures should be taken to reduce possible negative impacts.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found at: the Institute of Social Science Survey (ISSS) at Peking University (http://www.isss.pku.edu.cn/cfps/index.htm).



Author contributions

SX analyzed the data and wrote first draft of the manuscript. PZ provided overall supervision of the project, reviewed the final version of this manuscript, and agreed to its submission for publication. All authors conceptualized the study, provided training and technical support during data collection, and provided intellectual input to the manuscript development.



Funding

The research is funded by the National Social Science Foundation of China (CN) [Grant Number: 19ZDA116], the Fundamental Research Funds for the Central Universities of China, and Center of Social Welfare and Governance in Zhejiang University.



Acknowledgments

We acknowledge emergency management team at Zhejiang University for all the support.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Miranda M, Vedenov VD. Innovations in agricultural and natural disaster insurance. Am J Agr Econ. (2001) 83:650–5. doi: 10.1111/0002-9092.00185

 2. Wu X, Guo J. Disaster probability, optimal government expenditure for disaster prevention and mitigation, and expected economic growth. In: Economic Impacts and Emergency Management of Disasters in China. Singapore: Springer. (2021). doi: 10.1007/978-981-16-1319-7_1

 3. Liu X, Kirwan EB. Political influence in the distribution of agricultural disaster payments. Appl Econ. (2020) 52:5613–28. doi: 10.1080/00036846.2020.1770190

 4. Congressional Research Service. Agricultural Disaster Assistance. (2019). Available online at: https://crsreports.congress.gov/product/pdf/RS/RS21212/81

 5. Kgakatsi IB, Rautenbach DC. The contribution of seasonal climate forecasts to the management of agricultural disaster-risk in South Africa. Int J Disaster Risk Reduct. (2014) 8:100–13. doi: 10.1016/j.ijdrr.2014.01.002

 6. Qianwen G, Junbiao Z. Relations between agricultural natural disasters and rural poverty based on analysis of panel data in Anhui Province, China. Chin Popul Resour Environ. (2007) 17:92–5. doi: 10.1016/S1872-583X(08)60004-2

 7. Wang Q, Liu Y, Zhang Y, Tong L, Li X, Li J, et al. Assessment of spatial agglomeration of agricultural drought disaster in China from 1978 to 2016. Sci Rep-UK. (2019) 9:1–8. doi: 10.1038/s41598-019-51042-x

 8. Zhiguo H, Yuxian F, Jianying Y, Ying S. Review on agricultural flood disaster in China. J Appl Meteorol. (2017) 28:641–53. doi: 10.11898/1001-7313.20170601

 9. Peijuan W, Junxian T, Zhifeng J, Yuping M, Hui C. Review on spring frost disaster for tea plant in China. J Appl Meteorol. (2021) 32:129–45.

 10. Wang D, Chen TE, Dong J. Research of the early warning analysis of crop diseases and insect pests. In: International Conference on Computer and Computing Technologies in Agriculture. Chennai: Springer (2013). doi: 10.1007/978-3-642-54341-8_19

 11. Lei XU, Zhang Q, Zhang J, Liang Z, Wei S, Jin Y. Extreme meteorological disaster effects on grain production in Jilin Province, China. J Integr Agr. (2017) 16:486–96. doi: 10.1016/S2095-3119(15)61285-0

 12. Loayza NV, Olaberria E, Rigolini J, Christiaensen L. Natural disasters and growth: going beyond the averages. World Dev. (2012) 40:1317–36. doi: 10.1016/j.worlddev.2012.03.002

 13. Lobell DB, Schlenker W, Costa-Roberts J. Climate trends and global crop production since 1980. Science. (2011) 333:616–20. doi: 10.1126/science.1204531

 14. Chapagain T, Raizada NM. Impacts of natural disasters on smallholder farmers: gaps and recommendations. Agric Food Secur. (2017) 6:1–16. doi: 10.1186/s40066-017-0116-6

 15. Jensen R. Agricultural volatility and investments in children. Am Econ Rev. (2000) 90:399–404. doi: 10.1257/aer.90.2.399

 16. Taylor JW. The role of risk in consumer behavior: a comprehensive and operational theory of risk taking in consumer behavior. J Mark. (1974) 38:54–60. doi: 10.1177/002224297403800211

 17. Harbaugh R. China's high savings rates. The rise of china revisited: Perception and reality. In: Prepared for Conference on “The Rise of China Revisited: Perception and Reality”. National Chengchi University (2004).

 18. Chetty R, Looney A. Income risk and the benefits of social insurance: evidence from Indonesia and the United States. In: Fiscal Policy and Management in East Asia. Chicago: University of Chicago Press (2007).

 19. Kail RV. Children and Their Development. London: Prentice-Hall, Inc. (2001).

 20. Ansell N. Children, Youth and Development. London: Routledge (2016). doi: 10.4324/9780203829400

 21. Manzo K. Exploiting West Africa's children: trafficking, slavery and uneven development. Area. (2005) 37:393–401. doi: 10.1111/j.1475-4762.2005.00644.x

 22. Silva T. Poverty and uneven development: reflections from a street children project in the Philippines. Childhood. (1996) 3:279–82. doi: 10.1177/0907568296003002014

 23. Konadu-Agyemang K. The best of times and the worst of times: structural adjustment programs and uneven development in Africa: the case of Ghana. Prof Geogr. (2000) 52:469–83. doi: 10.1111/0033-0124.00239

 24. Li Q, Liu G, Zang W. The health of left-behind children in rural China. China Econ Rev. (2015) 36:367–76. doi: 10.1016/j.chieco.2015.04.004

 25. Lu Y. Education of children left behind in rural China. J Marriage Fam. (2012) 74:328–41. doi: 10.1111/j.1741-3737.2011.00951.x

 26. Dill S, Ma Y, Sun A, Rozelle S. The landscape of early childhood development in rural China. Asia-Pac J. (2019) 17:1–16. Available online at: https://fsi.stanford.edu/publication/landscape-early-childhood-development-rural-china

 27. Rao N, Sun J, Zhou J, Zhang L. Early achievement in rural China: the role of preschool experience. Early Child Res Q. (2012) 27:66–76. doi: 10.1016/j.ecresq.2011.07.001

 28. Glewwe P, Huang Q, Park A. Cognitive skills, noncognitive skills, and school-to-work transitions in rural China. J Econ Behav Organ. (2017) 134:141–64. doi: 10.1016/j.jebo.2016.12.009

 29. Kramer R, Allen L, Gergen JP. Health and social characteristics and children's cognitive functioning: results from a national cohort. Am J Public Health. (1995) 85:312–8. doi: 10.2105/AJPH.85.3.312

 30. Ross CE, Wu C. The links between education and health. American sociological review. (1995) 60:719–45. doi: 10.2307/2096319

 31. Almond D, Mazumder B, Van Ewijk R. In utero Ramadan exposure and children's academic performance. Econ J. (2015) 125:1501–33. doi: 10.1111/ecoj.12168

 32. Cebula RJ, Mixon FG, Montez AM. Teachers' salaries and human capital, and their effects on academic performance: an institution-level analysis of Los Angeles County high schools. J Econ Financ. (2015) 39:347–56. doi: 10.1007/s12197-013-9261-3

 33. Walberg HJ, Stariha EW. Productive human capital: learning, creativity, and eminence. Creat Res J. (1992) 5:323–40. doi: 10.1080/10400419209534445

 34. Coleman JS. Social capital, human capital, and investment in youth. In:Petersen AC, Mortimer JT, Editors. Youth Unemployment and Society. Chicago: Cambridge University Press (1994). p. 34–50.

 35. Tong Y, Li JX, Shu B. Is children's academic performance valuable to parents? Linking children's effort vs results and fathers' vs mothers' subjective well-being. Child Indic Res. (2021) 14:583–605. doi: 10.1007/s12187-020-09763-3

 36. Li Z, Qiu Z. How does family background affect children's educational achievement? Evidence from contemporary China. J Chin Sociol. (2018) 5:1–21. doi: 10.1186/s40711-018-0083-8

 37. Yang B, Feldman MW, Li S. The status of family resilience: effects of sustainable livelihoods in Rural China. Soc Indic Res. (2021) 153:1041–64. doi: 10.1007/s11205-020-02518-1

 38. Becker GS. Human Capital: A Theoretical and Empirical Analysis, With Special Reference to Education. Chicago: University of Chicago Press (2009).

 39. Jiang H, Yang X. Parental Migration, Investment in Children, and Children's Non-cognitive Development: Evidence from Rural China. Paris: GLO Discussion Paper (2019).

 40. Zhao G, Ye J, Li Z, Xue S. How and why do Chinese urban students outperform their rural counterparts? China Econ Rev. (2017) 45:103–23. doi: 10.1016/j.chieco.2017.06.006

 41. Carneiro P, Crawford C, Goodman A. The Impact of Early Cognitive and Non-Cognitive Skills on Later Outcomes. Centre for the Economics of Education London School of Economics (2007).

 42. Behrman JR, Rosenzweig RM. Does increasing women's schooling raise the schooling of the next generation? Am Econ Rev. (2002) 92:323–34. doi: 10.1257/000282802760015757

 43. Björklund A, Lindahl M, Plug E. The origins of intergenerational associations: lessons from Swedish adoption data. Q J Econ. (2006) 121:999–1028. doi: 10.1162/qjec.121.3.999

 44. Fan X, Chen M. Parental involvement and students' academic achievement: a meta-analysis. Educ Psychol Rev. (2001) 13:1–22. doi: 10.1023/A:1009048817385

 45. Jeynes WH. The relationship between parental involvement and urban secondary school student academic achievement: a meta-analysis. Urban education. (2007) 42:82–110. doi: 10.1177/0042085906293818

 46. Houtenville AJ, Conway SK. Parental effort, school resources, student achievement. J Hum Resour. (2008) 43:437–53. doi: 10.1353/jhr.2008.0027

 47. Card D, Krueger BA. School resources and student outcomes: an overview of the literature and new evidence from North and South Carolina. J Econ Perspect. (1996) 10:31–50. doi: 10.1257/jep.10.4.31

 48. Rockoff JE. The impact of individual teachers on student achievement: evidence from panel data. Am Econ Rev. (2004) 94:247–52. doi: 10.1257/0002828041302244

 49. Rivkin SG, Hanushek EA, Kain FJ. Teachers, schools, academic achievement. Econometrica. (2005) 73:417–58. doi: 10.1111/j.1468-0262.2005.00584.x

 50. Crane J. Effects of home environment, SES, and maternal test scores on mathematics achievement. J Educ Res. (1996) 89:305–14. doi: 10.1080/00220671.1996.9941332

 51. Brown PH, Park A. Education and poverty in rural China. Econ Educ Rev. (2002) 21:523–41. doi: 10.1016/S0272-7757(01)00040-1

 52. Guochang Z. Can money ‘buy'schooling achievement? Evidence from 19 Chinese cities. China Econ Rev. (2015) 35:83–104. doi: 10.1016/j.chieco.2015.06.004

 53. McFarlane AC, Policansky SK, Irwin C. A longitudinal study of the psychological morbidity in children due to a natural disaster. Psychol Med. (1987) 17:727–38. doi: 10.1017/S0033291700025964

 54. Gibbs L, Nursey J, Cook J, Ireton G, Alkemade N, Roberts M, et al. Delayed disaster impacts on academic performance of primary school children. Child Dev. (2019) 90:1402–12. doi: 10.1111/cdev.13200

 55. Masiero G, Santarossa M. Natural disasters and electoral outcomes. Eur J Polit Econ. (2021) 67:101983. doi: 10.1016/j.ejpoleco.2020.101983

 56. Barth JR, Lee KB, Shen X, Yoon YS. Application of difference-in-differences strategies in finance: The case of natural disasters and bank responses. In:Lee CF, Lee AC, editors. Encyclopedia of Finance. Singapore: Springer (2022). doi: 10.1007/978-3-030-91231-4_77

 57. Belasen AR, Polachek WS. How disasters affect local labor markets the effects of hurricanes in Florida. J Hum Resour. (2009) 44:251–76. doi: 10.1353/jhr.2009.0014

 58. Raker EJ. Natural hazards, disasters, and demographic change: The case of severe tornadoes in the United States, 1980–2010. Demography. (2020) 57:653–74. doi: 10.1007/s13524-020-00862-y

 59. Zheng D, Zhang H, Yuan Y, Deng Z, Wang K, Lin G, et al. Natural disasters and their impacts on the silica losses from agriculture in China from 1988 to 2016. Physics and Chemistry of the Earth, Parts A/B/C. (2020) 115:102840. doi: 10.1016/j.pce.2020.102840

 60. Zhang Y, He A, Zhao R. A bibliometric analysis of the current characteristics and development trends of disaster economy research in China. Disaster Sci. (2016) 31:150–6. doi: 10.3969/j.issn.1000-811X.2016.04.026

 61. Ma J, Kong W, Zhu T. Characteristics, impacts and disaster prevention, mitigation and resilience mechanisms of agricultural disasters: a literature review perspective. J China Agri Univ. (2020) 37:122–9. doi: 10.13240/j.cnki.caujsse.2020.05.013

 62. Meng Y. Characteristics of Agricultural Meteorological Disasters in China and Countermeasures for Disaster Prevention and Mitigation. Agricultural Development and Equipment (2020). p. 55–7.

 63. Wu K. Current Situation, Problems and Countermeasures for Agricultural Biological Disaster Emergency Management in China. Emergency Management in China. (2009). p. 12–4.

 64. Tang Y, Pang J. Characteristics of agrometeorological and agrobiological hazards in China in recent years. J Nat Hazards. (2012) 21:26–30. doi: 10.13577/j.jnd.2012.0104

 65. Becker GS. A treatise on the family. Cambridge, London: Harvard University Press (1993). doi: 10.4159/9780674020665

 66. Smith JR, Brooks-Gunn J. Correlates and consequences of harsh discipline for young children. Arch Pediatr Adolesc Med. (1997) 151:777–86. doi: 10.1001/archpedi.1997.02170450027004

 67. Yamauchi C. Parental investment in children: differential pathways of parental education and mental health. Econ Rec. (2010) 86:210–26. doi: 10.1111/j.1475-4932.2009.00613.x

 68. Akee R, Copeland W, Costello EJ, Simeonova E. How does household income affect child personality traits and behaviors? Am Econ Rev. (2018) 108:775–827. doi: 10.1257/aer.20160133

 69. Schultz GF. Socioeconomic advantage and achievement motivation: Important mediators of academic performance in minority children in urban schools. Urban Rev. (1993) 25:221–32. doi: 10.1007/BF01112109

 70. Clifford MM, Cleary AT. The relationship between children's academic performance and achievement accountability. Child Dev. (1972) 43:647–55. doi: 10.2307/1127563

 71. Yeung WJ, Linver MR, Brooks Gunn J. How money matters for young children's development: parental investment and family processes. Child Dev. (2002) 73:1861–79. doi: 10.1111/1467-8624.t01-1-00511

 72. Akee RKQ, Copeland WE, Keeler G, Angold A, Costello JE. Parents' incomes and children's outcomes: a quasi-experiment using transfer payments from casino profits. Am Econ J Appl Econ. (2010) 2:86–115. doi: 10.1257/app.2.1.86

 73. Khanam R, Nghiem S. Family income and child cognitive and noncognitive development in Australia: does money matter? Demography. (2016) 53:597–621. doi: 10.1007/s13524-016-0466-x

 74. Aturupane H, Glewwe P, Wisniewski S. The impact of school quality, socioeconomic factors, and child health on students' academic performance: evidence from Sri Lankan primary schools. Education Economics. (2013) 21:2–37. doi: 10.1080/09645292.2010.511852



OPS/images/math_1.gif
Y=+ QDisaster, + 6, + @ +vZ, +g, ()





OPS/images/fpubh-10-952734-t003.jpg
Class types

Variable

agriculture disasters occurring

children gender‘time

childbirth*time

dadbirth*time

dad education year*time

mombirth*time

mom education year*time

mountainous terrain‘time
cons

Obs
Adj Resquare

*p <0.1,**p < 0.05,***p < 0.001.

Cognitive

skill

0531
72)
~0.290
(~1.36)
0.092*
(13)
0.034
(1.78)
0.005
(031)
0.006
0.32)
~0.025
(~1.89)
—0.143
(=054)
—41.560"*
(-2.86)
502
0.644

Key class

Noncognitive
skill

—2.141
(-173)
0358
(0.48)
~0.520"*
(=3.56)
0.153
(1.73)
=0.159*
(=2.36)
—0.004
(=0.07)
0.031
(0.41)
1391
(137)
124.600%
(2.26)
502

0652

Academic
pressure

0300
(0.77)
~0.130
(=0.56)
~0.025
(=063)
0.016
(0.85)
—0.017

Cognitive

skill

—0.131
(-1.27)
—0.103
(=1.03)
0.040
(1.37)
0.008
(0.33)
—0.005
(—0.40)
—0.004
(=0.20)
—0013
(-125)
0216*
(1.99)
—16.980
(-1.57)
958
0.463

Non-key class

Noncognitive

skill

—2.153
(~4.02)
0.039
0.13)
0137
(1.60)
0.057
(0:84)
~0.002
(=0.03)
—0.077
(~1.33)
0.056
(1.29)
0495
0:87)
~39.780
(=127)
958
0271

Academic
pressure

07827
©.75)
—0219"
(=2.65)
0.048
(1.97)
—0.023
(=1.10)
0.026"*
(3.18)
0.027
(1.62)
~0.037**
(~4.60)
0264
(2555)
—20.110"
(=2.45)
958
0.409

Cognitive
skill

~0.028
(=027)
0.012
(0.45)
0.030°
(4.40)
~0.003
(<076)
—0.002
(=0.47)
0.003
0.72)
~0.003
(<0.80)
0.006
(0.17)
0.139*
(4.79)
3728
0277

Ordinary class

Noncognitive
skill

~0.630
(~1.09)
0.081
(0.98)
0,087
(3:62)
0024
(1.68)
=0.017
(~1.44)
—0.018
(=1.05)
0.003
(0.30)
~0.093
(~0.86)
6.539***
(53.34)
3728
0.130

Academic
pressure

0.121
(053)
—0.029
(-0.92)
—0.015
(-1.72)
0.009°
(2.09)
—0.001
(—0.14)
—0.003
(=0.47)
0.009
(1.95)
—0.040
(~0.89)
0.530"
(12.35)
3728
0.089





OPS/images/fpubh-10-952734-t004.jpg
Family education types

Variable

agriculture disasters occurring

_cons

Obs
Adj Resquare

p <0,

“*p < 0.05,***p < 0.001.

Cognitive Noncognitive
skill skill
—0.021 —0.817*
(—0.41) (=3.13)
—0.0718 6.716**
(=1.31) (29.44)

3,181 3,181
0.357 0.106

Parents think little of study

Academic
pressure

0.157
©.71)
05200
(831)
3181
0.101

Parents think highly of study

Cognitive Noncognitive  Academic
skill skill pressure
0387 1983 1184
0.99) (1.86) (5.35)

03787 6,051 03677
(3.89) (20.48) (4.58)
2,007 2,007 2,007
0261 0153 0.143





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The impact of agricultural disasters on child development in rural China



		Introduction



		Materials and methods



		Data



		Model setting



		Agricultural disasters in China



		Dependent variables







		Results



		Basic results



		Robustness test



		Heterogeneity



		School class types



		Parents' concern for education













		Discussion and conclusions



		Paper context



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

The impact of agricultural
disasters on child development
in rural China





OPS/images/fpubh-10-952734-t001.jpg
Variable Cognitive Noncognitive Academic

skill skill Ppressure
agriculture disasters occurring  —0.092* ~0938°* 0223
(-2.39) (=5.66) (2.12)
children gender‘time ~0.009 0070 ~0051*
(~0.46) (1.18) (-2.12)
childbirth*time 00257 0,091 —0.005
(5.34) (5.01) (-0.90)
dadbirth*time 0.001 0018 0.003
(0.06) (1.95) (0.87)
dad education year‘time —0.002 —0.021 0.003
(~0.48) (-2.62) (1.04)
mombirth*time 0.004 —0.023 —0.001
(1.22) (=2.03) (~0.03)
mom education year*time ~0.006* 0010 0.001
(-237) 1.29) (0.06)
mountainous terrain‘time 0.006 ~0.130 ~0.024
027) (-1.78) (<078)
_cons 01737 65917 0.495°+
(7.78) (80.32) (17.66)
Obs 5188 5,188 5,188
Adj Rsquare 0272 0.120 0.067

*p < 0.1,%*p < 0.05,"**p < 0.001.





OPS/images/fpubh-10-952734-t002.jpg
Variable Cognitive Noncognitive Academic

skill skill pressure
agriculture disasters occurring  —0.102* ~ 1189 0205
(-221) (=6.55) (1.14)
children gender*time —0.015 =0.022 —0.053
(~0.63) (=027 (-143)
childbirth*time 00297 —0.068° 0.008
(373) (-2.36) (0.75)
dadbirth*time ~0.001 0.027 0.001
(=0.16) (162) (0.15)
dad education year‘time 0.001 ~0.003 0.002
031) (=034) (0.53)
mombirth*time 0.007 ~0.023 0.005
(155) (-134) (078)
mom education yeartime ~0.005 ~0.004 ~0.001
(=127) (~043) (=0.15)
—0045 —o0.121 ~0015
(~1.76) (-1.36) (-037)
_cons 0,198+ 6,698+ 04337
8.31) (73.98) (13.45)
Obs 1,125 1125 1,125
Adj Rsquare 0328 0.107 0.089

*p < 0.1,%*p < 0.05,**p < 0.001.









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





