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Climate change is one of the most severe threats to human survival and a significant factor influencing financial stability. Different from previous studies, this paper investigates the economic impact of climate change at the micro level based on data from China Meteorological Administration database, and China Household Finance Survey (CHFS) 2017 released in 2019. The empirical findings indicate that climate change contributes to the financial vulnerability of farmers’ households, which is confirmed following robustness tests. The mechanism analysis reveals that climate change has effects on rural households’ financial vulnerability via farmers’ health, credit availability, and agricultural output. Furthermore, the effect of climate change on farmers’ household financial vulnerability (HFV) is more pronounced in farmers with lower education levels. The changes in temperature and precipitation show different intensity effects in different areas, but all of them provide reasonable heterogeneity mechanisms. This paper’s policy value is demonstrated by the fact that it uncovers the effects of climate change on farmers’ HFV, information that may be useful for addressing climate change and rural financial stability.
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1 INTRODUCTION
Climate change is one of the most severe threats to human survival and a significant factor influencing financial stability. At the World Economic Forum 2022 video conference, the United Nations (UN) emphasized that the world urgently needs to address three major challenges—inequitable vaccine distribution, a revitalized financial system, and climate change—to emerge from the ongoing economic and health crisis and achieve the UN’s Sustainable Development Goals. According to the Intergovernmental Panel on Climate Change (IPCC)’s latest report, ‘Climate Change 2022: Impacts, Adaptation, and Vulnerability’, China will be one of the most affected regions if greenhouse gas emissions are not reduced1. In addition, future climate change will continue to alter the spatial and temporal distributions of temperature and precipitation, increasing the frequency and intensity of extreme events such as heavy rainfalls, floods, droughts, and pest outbreaks. Furthermore, a report by the Financial Stability Oversight Council (FSOC) on Climate-Related Financial Risk20212 emphasizes climate change as a “new threat to United States financial stability”, and thus, it is necessary to regulate and supervise climate-related financial risks. The possible economic and financial risks caused by climate change have become a hot issue in academia.
Climate change have seriously effects on the ecological environment and the normal operation of the social economy (Li et al., 2022a; Li and Wang, 2022). According to some studies, increasing average temperature, which is a type of climate change, negatively affects economic variables such as agriculture (Mendelsohn et al., 1994; Reilly et al., 2003; Schlenker et al., 2005; Fisher et al., 2012; Chen and Gong, 2021), industrial output (Chen and Yang, 2017), and yield or production efficiency growth (Colacito et al., 2019; Kumar and Khanna, 2019; Li et al., 2015). Moreover, the fluctuation in the amount of precipitation is another measure of climate change. Xie et al. (2020) consider the temperature, precipitation, and standard deviations in China’s agricultural policy simulation and projection model (CAPSiM) and find that climate change negatively affects agricultural output, which is similar to the previous conclusion. Lanzafame (2014) investigates the effect of the relationship between temperature and rainfall on economic development in Africa based on the annual data of 36 African countries from 1962 to 2000. Temperature is found to negatively affect every capita income in both short and long term, but there is little support for the assertion that rainfall affects the economy. Unlike the above results, Villavicencio et al. (2013) investigate the impacts of climate change on agricultural total factor productivity (TFP) in the United States, the findings of which show that annual precipitation has a significant positive effect on agricultural TFP but that precipitation intensity has a significant opposite effect, and temperature changes have no effect on agricultural TFP in most areas. These findings shows that the unique characteristics of agriculture and rural areas place them at the center of global climate change adaptation efforts. However, the majority of scholars are concerned with the effects of climate change on a larger scale.
Regarding household financial vulnerability (HFV), the related research is still in its infancy. Early concepts of financial vulnerability evolved from lifecycle theory (Campbell, 2006; Lin and Grace, 2007), which shows the likelihood that a family will be in financial distress in the future (O'Connor et al., 2018) and can be used to measure household financial stability. Mian and Sufi (2009) and Leika and Marchettini (2017) confirm the significant interrelationship between HFV and the stability of financial system. The Financial Stability Review (FSR) of the Bank of Indonesia regards HFV as an assessment of the resilience of macro-financial stability (Noerhidajati et al., 2020). Moreover, some factors affect HFV, including the socioeconomic characteristics of individuals and family-level characteristics. In addition, individual characteristics include age, gender, marital status, education level, and income level, while the characteristics at the family level include indicators of household assets and liabilities, household size, social capital, etc. Using an ordered probit model based on 902 individual respondents in Malaysia, Daud et al. (2019) find that income level, marital status, age, level of education, and financial behavior in money management all strongly influence HFV. They also point out that improving education positively contributes to HFV. In terms of income level, families with low income find it more difficult to deal with emergencies and afford expenditures, which leads to deep HFV among these families. Abdullah Yusof et al. (2015) hold the same view based on data from Malaysia. Moreover, based on data from Indonesia, Noerhidajati et al. (2020) find that middle- and upper-income groups have more debt, resulting in higher HFV compared to lower-income households. Moreover, financial literacy plays a vital role in HFV (Abdullah Yusof et al., 2015; French and McKillop, 2016), attracting much attention among scholars. According to Daud et al. (2019), owning a house helps a household survive severe financial insecurity. Similarly, Lusardi and Mitchelli (2007) emphasize the importance of financial literacy in the improvement of financial fragility and find that the larger scale of the family brings about higher expenditure and consumption levels, which exacerbates HFV. In addition, HFV is also affected by institutional factors, including information sharing arrangements and individual bankruptcy regulation (Jappelli et al., 2010). By reviewing the literature, existing studies have explored mainly the factors influencing HFV at the micro level, neglecting the impact of macroeconomic shocks, especially climate change, as a macro variable on HFV.
This paper aims to determine whether climate change increases the financial vulnerability of rural households. If so, what are the mechanisms of this influence? The major contributions of this paper are as follows. First, this paper fills the research gap regarding climate change and farmers’ HFV. Although the current literature provides theoretical support and methodological inspiration for this paper, a complete analytical framework and empirical results are lacking. The climate change issue is becoming increasingly urgent and is shifting from a future challenge to an ongoing crisis. As the largest developing country all over the world, China has progressed in participating in global climate governance and addressing climate change. This development indicates that this study is highly relevant and may provide empirical inspiration for future research. Second, this paper extends the study of farmers’ HFV. The empirical results show that climate change creates a microeconomic shock and exacerbates HFV. Besides, to ensure the scientific and rigorous findings of this study, different scenarios and measurement methods are considered. In addition, other robustness tests are applied. After a series of tests, the findings of this paper remain significant. Third, how to prevent and respond to climate change and improve the financial vulnerability of households have become critical topics. Yin et al. (2021) point out the perception of flood disaster risk positively contributes to the flood disaster preparedness behaviors of households, and this work regards climate change as a kind of macro risk, provides recommendations for climate change and rural financial stability. Besides, it also confirms the effect of the mechanism of climate change on household financial fragility in rural areas.
The remainder of the paper is organized as follows. Section 2 presents the theoretical analysis and hypothesis development; Section 3 presents the data, variable selection, and methodology; Section 4 presents the empirical results; and Section 5 presents the conclusions and policy recommendations.
2 THEORETICAL ANALYSIS AND HYPOTHESIS DEVELOPMENT
2.1 Climate Change and HFV
Researchers define “vulnerability” in terms of the resilience of humans to natural disasters. For example, Kreimer and Arnold (2000) regard vulnerability as the ability of an individual, household, or community to prevent, mitigate, and rebuild in the face of natural hazards, with poor or near-poor households being more vulnerable to natural hazards. The greater vulnerability of poor or near-poor households to natural disasters stems primarily from the fact that vulnerable households have relatively few assets and lack access to necessary capital (Alwang, 2000). Community disaster resilience closely relates to the risk perception in earthquake-stricken areas. The community with better resource endowment, disaster management, information communication, less vulnerability the residents face with (Ma et al., 2021; Ma et al., 2022). Based on obtained primary household data from Akwa Ibom State, Nigeria, Amos et al. (2015) develop a livelihood vulnerability index (LVI) to assess vulnerability and find that households are vulnerable to climate change and that a shortage of adequate finance is the most important challenge. Albert et al. (2021) point out that empirical evidence suggests that higher temperatures and extreme weather can have a negative impact on economic activity. According to Paavola (2008), climate change in Tanzania limits livelihood options for women, children, and those vulnerable groups without adequate access to employment and public services, increasing their insecurity and making their livelihood even worse. In addition, farmers have always found ways to adapt to the impact of climate change, and based on data from Nigeria, Abraham and Fonta (2018) find that the exposure of farmers to climate change significantly relates to their need for financial access as an adaptation strategy. Moreover, according to a survey of 380 resource-poor riverbank erosion-prone households in Bangladesh, Alam et al. (2017) explore the local knowledge of adaptation in response to the perceived impacts of climate change and climatic hazards. The results indicate that changes in the climate and extreme climatic events have an effect on the households’ livelihood and resources, increasing their perceptions of vulnerability. Furthermore, climate change caused by air pollution, natural disasters like earthquake, lead to higher expenditures for insurance purchases (Xu et al., 2018), especially for health insurance (Zhao, 2020), and extreme climate events significantly decrease the expenditure of households heavily dependent on agriculture for their income (Urama et al., 2019). In general, higher household expenditure contributes to HFV when income remains the same.
Therefore, we believe that climate change exacerbates HFV and propose the following hypothesis:
Hypothesis 1. Climate change exacerbates farmers’ HFV.
2.2 Mechanisms of Livelihood Capitals
Human, physical and financial capital are important factors that affect the livelihoods of farm households (Vemuri and Costanza, 2006; Xu et al., 2019; Yang et al., 2021) and are also the main areas of vulnerability to the adverse effects of climate change (Handmer et al., 2012). Physical capital consists of the infrastructure and materials needed to support livelihoods. Human capital refers to individuals’ knowledge, health status, etc., for earning a living. Financial capital refers to the financial resources, which typically include cash, savings, credit, remittances, and transfer income, used by households or individuals to achieve their life goals. First, the high dependence of agricultural production on the natural environment makes agriculture often affected by windstorms, rainstorms, hailstorms, persistent drought, and pests and diseases caused by climate change. These factors affect the physical capital of farm households. Second, disease risk affects farm households’ human capital, which leads to the increased financial vulnerability of rural households. Finally, climate change can impair the operations of rural financial institutions, thereby affecting the financial capital of rural households. It is unclear how climate change affects the financial stability of rural households by influencing the cost of livelihoods and thus the financial stability of rural households.
Burgess et al. (2014) uses Indian data to explore whether hot weather shocks affect mortality differently in rural and urban areas and finds a 7.3% increase in annual mortality in rural areas for a per °C increase in average daily temperature. However, there is no evidence of such effects in urban areas, and it is predicted that global warming between 2015 and 2019 will reduce life expectancy in rural areas. According to Bosello et al. (2012), climate shocks affect crop production and people’s health, and the effects on different areas vary. These effects are weaker at higher latitudes and stronger at lower latitudes. Moreover, it is generally agreed that health risk factors significantly worsen the financial vulnerability of farm households and that the higher the health risk is, the higher the probability of expected financial deterioration of farm households. Uddin et al. (2017) provide evidence that climate change has been perceived by most farmers, with increased temperatures and decreased precipitation over the past 20 years, negatively impacting farmers’ health and livelihoods. In addition, concern of health risk plays as the mechanism of the public attention to environment and air pollution (Li et al., 2022b).
On the one hand, the presence of health problems in farm households reduces their income. Casasnovas et al. (2005), Narayan et al. (2010), and Chetty et al. (2016) argue that health affects economic productivity and thus reduces rural household income. On the other hand, health shocks can also affect household financial exposure and household financial decisions through household medical expenditures (Merton, 1969). Christiaensen and Subbarao (2005) find that reducing the incidence of malaria and increasing adult literacy and market openness significantly reduce household economic vulnerability based on data from rural Kenya. One study finds no significant effect of disease shocks on household nonmedical consumption expenditures (Townsend, 1994). The differences in the above findings may be due to the heterogeneous effects of health shocks on the financial risk of households with different incomes or different mechanisms of influencing household risk, both direct (Rosen and Wu, 2004; Wang et al., 2021) and indirect (Berkowitz and Qiu, 2006). In addition, in rural areas, the return to poverty due to illness is still one of the main factors negatively affecting the financial vulnerability of rural households.
Therefore, we believe that climate change worsens farmers’ health, which positively contributes to HFV in rural areas. Therefore, we propose the following hypothesis:
Hypothesis 2. Climate change worsens farmers’ health, and then exacerbates farmers’ HFV.Household financial disincentives and underdeveloped credit markets are common in rural areas of many developing countries, resulting in widespread credit constraints for farm households. Hornbeck (2009) believes that financial system overspecialization in sectors such as agriculture may lead to increased vulnerability to climate shocks. The natural disasters caused by climate change undermine the value of collateral for bank loans and inhibit market liquidity through bank financing channels, causing negative shocks to the financial system’s stability. Physical asset damage caused by sudden climate disasters such as floods, hurricanes, high temperatures, or long-term climate problems such as a rise in sea level, precipitation changes, and seawater acidification can directly lead to a decline in the value of collateral in the household and business sectors. This decline in collateral value increases the risk of loan default for households and businesses (Klomp, 2014; Yannis et al., 2018). Furthermore, climate catastrophic shocks can lead to bank lending shyness, making banks more cautious in lending and thus reducing credit supply and market liquidity (Berg and Schrader, 2012; Hosono et al., 2016). Bank lending shyness causes rural households hit by such disaster to face more severe financing constraints and also further increases bank credit default rates, undermining banks’ ability to operate and thus creating a vicious cycle. This bank lending shyness is caused mainly by postdisaster losses, especially the loss of uninsured assets. Bank lending reluctance is more pronounced in developing countries following climate disasters than in developed countries (David, 2011). In turn, natural disasters caused by climate change also affect the rural financial system. Some natural disasters have the potential to damage rural finance offices, equipment, information systems, and records. Disaster losses faced by rural finance clients can also have indirect effects on the microfinance institutions (MFIs) themselves (Pantoja, 2002). In addition, some macroeconomic fluctuations triggered by natural disasters, such as inflation or recession triggered by large-scale disasters, may also indirectly have a significant negative impact on microfinance. For example, after Bangladesh suffered a severe flood disaster in 1998, 25% of Grameen Bank borrowers defaulted on their debts, which led to the cessation of loan repayments and the decline in mandatory savings, which depleted the bank’s liquidity (David, 1998).Therefore, we believe that climate change can increase financing constraints, which can promote HFV. Thus, we propose the following hypothesis:
Hypothesis 3. Climate change exacerbates credit constraints, and then exacerbates farmers’ HFV.Villavicencio et al. (2013) show that precipitation and its intensity significantly affect agricultural TFP growth in the United States, while the effect of temperature is not significant. Jin et al. (2002) estimate the change in the TFP of rice in China from 1980 to 1995 with the Tornqvist-Theil index and conclude that climatic factors have significant effects on the TFP growth of rice. Yoji et al. (2016) use spatial geography to investigate the role of climate change in the process of influencing rice TFP and find that there is spatial autocorrelation in rice TFP and that climate change, like socioeconomic factors, has a persistent effect on rice TFP, but the extent of this impact varies across regions. In a general scenario, higher temperatures decrease yields, while more precipitation increases yields (Dell et al., 2014). Dinar (1998) studies how climate change affects Indian agriculture using cross-sectional data from Indian agricultural zones; he uses a general circulation model (GCM) to predict future changes in CO2 levels, affecting temperature and rainfall values in the region. Moreover, with the Ricardian model, he investigates the sensitivity of Indian agriculture to climate change. Based on the livelihoods of coastal farming households in Mozambique and Tanzania, Bunce et al. (2010) argue that if coastal Africa continues to attract migrants and the services of land and marine ecosystems continue to deteriorate, the risks to rural livelihoods from climate change will be amplified in western Africa. In addition, agriculture is the primary source of livelihood for most people in the region. Rising temperatures or changes in rainfall lead to lower river levels, crop failures, delayed planting seasons, lower incomes and reduced crop yields, with significant impacts on the natural resources on which agriculture depends. In addition, this can lead to the increased vulnerability of agriculture-based livelihoods for farmers. Furthermore, there is a significant risk of exacerbating and hastening the current ‘downward spiral’ of underdevelopment, poverty, and environmental degradation (Sissoko et al., 2011).Therefore, we believe that climate change can influence the output of agriculture, which can intensify HFV. Thus, we propose the following hypothesis:
Hypothesis 4. Climate change lowers agricultural output, and then exacerbates farmers’ HFV (Figure 1).
[image: Figure 1]FIGURE 1 | The mechanisms of climate change’s effects on HFV.
3 DATA AND METHODOLOGY
3.1 Model
The independent variable HFV is a dummy variable, so this paper mainly uses the ologit model to verify the impact of climate change on the financial vulnerability of rural households. The regression model is as follows:
[image: image]
where [image: image] is the explained variable; [image: image] is the core explanatory variable representing climate change (including the changes in temperature and precipitation); i denotes the city; [image: image] represent other control variables; [image: image] represents the province fixed effect, and [image: image] is the error disturbance term.
Furthermore, we explore the underlying mechanisms as well as test the mechanisms of hypotheses 2 to 4. The specific model is set as follows: 
[image: image]
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where [image: image] represents underlying mechanism variables including farmers’ health, credit accessibility and agricultural output. Models (2) and (3) together aim to find the underlying mechanisms. If the coefficients [image: image] and [image: image] are significant, then it may be underlying mechanism.
3.2 Variables
3.2.1 HFV
Following O’Connor et al. (2018) and Loke (2017), this paper uses over-indebtedness and consumer arrears to estimate HFV. The household debt level is used to estimate the over-indebtedness, while emergency saving is the indicator of consumer arrears reflecting household capacity to buffer income shocks. This paper defines household over-indebtedness as a greater than 30% household debt-to-income ratio, which we assign a value of 1. If the household debt-to-income ratio is lower than 30%, the household is defined as non-overindebted and is assigned a value of 0.
Moreover, referring to Loke (2017), a household with savings of less than 3 months of living expenses is regarded as having no emergency savings and is assigned a value of 1, while having emergency savings is assigned a value of 0. Therefore, this paper assigns a value of 0 to households with no over-indebtedness and emergency savings, representing lower financial vulnerability. A value of 1 refers to the households with over-indebtedness but emergency savings, or no over-indebtedness and no emergency savings, representing medium financial vulnerability. A value of 2 indicates that households have both over-indebtedness and no emergency savings, indicating a high level of financial vulnerability. The scale of HFV ranges from 0 to 2, with a higher value indicating a higher level of financial vulnerability and a lower ability to withstand economic risks. In addition, emergency savings and over-indebtedness are dichotomous variables.
3.2.2 Climate Change
Climate change is a long-term process with small fluctuations in adjacent years. Because of the availability of data with a relatively short observation period, the average value of variable changes each year is very small, affecting the representativeness of the indicators. This paper uses the changes in temperature and precipitation to estimate climate change during the observation period. Therefore, following the measurement of risk and change (Christiano et al., 2014; Shimojo et al., 1991), it refers to the high-low method of volatility as the proportion of value (maximum-minimum) to the minimum value to estimate the changes in temperature (Tc) and precipitation (Pc).
3.2.3 Other Variables
Following the literature, this paper controls for individual and household characteristic variables. Individual-level variables include gender, age, education, marital status, and physical condition. Household-level variables include household size, family income, housing status, and whether the household operates a business. The intermediate variables include farmers’ health, credit constraints and agricultural output. Based on the questions of China Household Finance Survey (CHFS) 2017, the explanations are shown in Table 1.
TABLE 1 | Descriptive analysis.
[image: Table 1]3.3 Data Source and Descriptive Statistics
This article uses data from the CHFS 2017, which was released in 2019 by the Southwestern University of Finance and Economics. The database was obtained from the fourth round of the national survey, covering 29 provinces, autonomous regions and municipalities. In addition, the climate change data, including those on temperature and precipitation from 1991 to 2017, come from the China Meteorological Administration database.
Combining the purpose of the study and data accessibility, this work processes the data as follows. First, we match the climate change data of the 2017 prefecture-level cities with the data of CHFS 2017 and exclude the index data of Tibet and Xinjiang. Second, the samples of nonagricultural households and other forms of households are also excluded. Third, we exclude households whose heads are less than 18 years old. Fourth, missing values and outliers are also excluded from the data. After the above data processing, there are 9,059 valid observations as farmers left in the sample in 2017. Table 1 shows the descriptive statistics of the major variables.
4 EMPIRICAL RESULTS
4.1 Baseline Regression Based on the Ologit Model
Table 2 reports the baseline regression results of climate change on farmers’ HFV in terms of temperature and precipitation. According to the results, both changes in temperature and precipitation positively contribute to the farmers’ HFV during the observation period, which supports Hypothesis 1. In terms of risk, climate change implies higher fluctuations and risks, which increase the complexity of household finance and then lead to financial vulnerability. Age has a negative effect on HFV. Compared to young farmers, older farmers may have more experience and skills to deal with financial problems and less HFV. The more family members there are, the easier it is for them to get into financial trouble, which supports the views of Lusardi and Mitchelli (2007). The higher income and wealth are, the easier it is for farmers to overcome financial vulnerability, which is similar to the conclusion of Noerhidajati et al. (2020). In addition, according to the negative coefficients of education and health, if farmers have more knowledge and are in better physical condition, their household finances are more stable.
TABLE 2 | Baseline regression results.
[image: Table 2]4.2 Robustness Tests
The possible endogeneity problems in this paper are problems about measurement error and omitted variables in models. This paper provides three methods with which to test the robustness in Tables 3, 4. The first method is to change the models. From ologit to oprobit, columns (1) and 4) show the results. Regarding the ordered variables as continuous variables, the model is changed from ologit to ordinary least squares (OLS), the results of which are shown in columns (3) and (6). The second method is to replace the measurement of HFV, the results of which are provided in columns (2) and (5) in Table 3.
TABLE 3 | Robustness test results: changing models.
[image: Table 3]TABLE 4 | Robustness test results: Oster’s method.
[image: Table 4]Furthermore, farmers’ HFV is caused by complex factors, and climate change also faces unobservable effects. Therefore, the analysis of the relationship between climate change and farmers’ household vulnerability also faces the problem of endogeneity due to the omission of unobservable variables. Referring to Altonji et al. (2005) and Oster (2017), this paper introduces different observable variables to estimate the bias in parameter estimates due to unobservable variables by observing the change in parameter estimates in a direct way. [image: image] reflects the changes in estimated parameters, and [image: image] = |βF/(βR-βF)|, where βR denotes the parameter estimates of the core explanatory variables when the constrained control variables are introduced, and βF denotes the parameter estimates of the core explanatory variables when all observable variables are introduced as control variables. A larger [image: image] value implies that the omitted variables are less likely to affect the parameter estimates of the core explanatory variables. The first constrained model introduces only the core explanatory variable climate change, while the second constrained model introduces climate change and household head characteristics variables, including gender, marriage, age, education and physical condition. Based on the two constrained models described above, the two full models take the household characteristics variables, the use of the internet and province fixed effects. Table 4 shows that the results and the coefficients of the parameter estimates of the constrained and full models are all more than 1 in columns (1) to (8), which means that the parameter estimates are less influenced by the omitted variables (Altonji et al., 2005).
In summary, after several robustness tests, the direction of the regression coefficients of the explanatory variables as well as their significance remain consistent with the baseline regression results, which indicates that the results of the empirical analysis are robust.
4.3 Underlying Mechanisms of Household Capital
4.3.1 Mechanism of Farmers’ Health in the Relationship Between Climate Change and Farmers’ HFV
To test the mechanism of farmers’ health in hypothesis 2, climate change influences farmers’ HFV via farmers’ health. According to Zeng et al. (2021), it uses farmers’ health to represent human capital. Farmers’ health is estimated on the basis of answers in the CHFS 2017 results. Table 5 shows the results. It can be seen that temperature changes have a negative effect on farmers’ health at the 1% confidence level in column (1). The effects of precipitation changes also have a negative effect on farmers’ health at the 1% confidence level in column (2). Perhaps the changes in temperature and precipitation increase the possibilities for farmers to suffer from disease, especially respiratory problems, which is pointed out by Bartholy and Pongrácz (2018). Xue et al. (2019) also find that increased temperature change is associated with a higher probability of decreased mental health. Moreover, the coefficient of farmers’ health and HFV is negative, reflecting that the better a farmer’s physical condition is, the lower his or her HFV at the 1% confidence level in column (3). If farmers have trouble in terms of their physical condition, then they find it more difficult to earn money, and such expenditure may be focused on helping them become healthier. Therefore, they are more likely to face financial problems. In other words, climate change negatively affects farmers’ health and then increases their financial vulnerability. These results support hypothesis 2.
TABLE 5 | Mechanism of farmers’ health.
[image: Table 5]4.3.2 Mechanism of Credit Constraint Between Climate Change and Farmers’ HFV
According to Zeng et al. (2021), the shortage of funds reflects the financial risk of farmers’ livelihood risks, it takes use of credit constraint to assess financial risk. The mechanism of credit constraint in hypothesis 3, that is, that climate change influences credit constraint and then has an effect on farmers’ HFV, is tested. When credit constraint has a value of 1, it means that farmers face financing difficulties. In addition, the value of the credit constraint of 0 reflects farmers’ easy access to credit. The values come from the results of the CHFS 2017 questionnaire. Table 6 shows that changes in temperature positively contribute to credit constraints at the 1% confidence level in column (1), while changes in precipitation positively contribute to credit constraints at the 10% confidence level in column (2). Climate change increases risks, which makes it more difficult for farmers to obtain credit. Moreover, the coefficient of credit constraints and HFV is positive, reflecting that the higher the credit constraint is, the higher the HFV at the 1% confidence level in column (3). In other words, when farmers have less access to credit, they will face higher HFV. These results support Hypothesis 3.
TABLE 6 | Mechanism of credit constraints.
[image: Table 6]4.3.3 Mechanism of Agricultural Output Between Climate Change and Farmers’ HFV
To test the mechanism of credit constraint in hypothesis 4, climate change affects agricultural output and then influences farmers’ HFV. Agricultural output is measured by the logarithm of agricultural gross domestic product, referring to some literature, such as Temple (2006) and Skuras et al. (2010). Table 7 shows that temperature changes have a negative effect on agricultural output at the 1% confidence level in column (1), consistent with the findings of Dell et al. (2012). Precipitation also has a negative effect on agricultural output in column (2) during the observation period. Moreover, the coefficient of agricultural output and HFV is negative at the 10% confidence level in column (3), which shows that higher agricultural output alleviates HFV. This finding validates Hypothesis 4.
TABLE 7 | Mechanism of agricultural output.
[image: Table 7]4.4 Heterogeneity Analysis
4.4.1 Different Areas
Because of China’s vast territory and diverse climate, the impacts of climate change on each region vary (Both and Visser, 2001). It is worth investigating the different effects of climate change on farmers’ HFV in different areas. According to the classification for the middle, east, west and northeast by the National Bureau of Statistics, the empirical results show that farmers in middle and northeastern areas are more likely to suffer from increasing HFV from changes in temperature, which can be seen in Table 8. Perhaps the central and northeastern plains are vast and have a high proportion of subsistence agricultural production. The increased vulnerability is more pronounced when farmers’ agriculture is subject to temperature change shocks. Moreover, from Table 8, the role of increasing precipitation in exacerbating HFV is shown to be significantly higher in the east than in the rest of the areas in China. In addition, unstable precipitation is the main reason for the frequent occurrence of drought. The eastern region is heavily influenced by monsoons and is a concentrated area in terms of the population and economy, and the greater the fluctuation in precipitation is, the more obvious the increase in household vulnerability in the eastern region is than in the rest in China.
TABLE 8 | Heterogeneity of areas.
[image: Table 8]4.4.2 Education
Whether different educational backgrounds have different impacts on the effects of climate change on farmers’ HFV remains to be seen. To determine the value of education, this heterogeneity analysis was performed. Therefore, education is classified by whether the national entrance examination should be taken. High education includes college or vocational school and above. Table 9 shows the results. Against different education backgrounds, the changes in temperature and precipitation have the same effects. Specifically, farmers with lower education levels and household financial vulnerabilities are more likely to be influenced by climate change. This finding implies that education is important in improving farmers’ HFV caused by climate change. Therefore, farmers should learn more to overcome the negative effects of climate change.
TABLE 9 | Heterogeneity of education.
[image: Table 9]5 CONCLUSION AND IMPLICATIONS
This paper investigates the economic impact of climate change at the micro level using data from the CHFS 2017 and China Meteorological Administration database. The empirical findings indicate that temperature and precipitation changes positively contribute to the financial vulnerability of farmers’ households. After some robustness tests, this conclusion is confirmed. The mechanism analysis reveals that climate change has an impact on rural households’ financial vulnerability via farmers’ health, credit availability, and agricultural output. Furthermore, the effect of climate change on farmers’ HFV is more evident in farmers with low education. The farmers in the middle and northeastern areas are more likely to suffer from increasing HFV from temperature changes, while the aggravating effects on HFV of precipitation changes in the east are stronger than those in the west, middle and northeastern regions.
According to our findings, it is critical to consider how to prevent and respond to climate change and reduce HFV. Specific policy recommendations are as follows. First, it is urgent to establish a climate change risk management system. Climate change leads to frequent natural disasters, which requires relevant policy departments to strengthen climate observation. Furthermore, early warning mechanisms should be deployed to increase the speed and breadth of climate information dissemination among macroregions and microhomes. Additionally, it is pertinent to develop emergency preparedness plans for climate change, improve households’ ability to cope with climate change through various means, like skills training, and reduce the harm of climate change on household health. Second, the government should promote education, especially financial literacy, which is su−ggested to enhance the practical ability of financial participation. Among the required actors, the government, community committees, and financial public welfare organizations should conduct a variety of financial literacy activities to increase resident households’ financial participation and the effectiveness of their behavioral decisions. Educational efforts to promote financial risk knowledge should also be stepped up to improve rural households’ ability to handle risks and enhance their self-protection awareness. They can be more rational and scientific in their decision making and less risky in their participation in acquiring financial resources. Third, the government should improve scientific guidance for rural households’ agricultural production and operation and assist them in various areas, such as agricultural insurance and agricultural response to climate change. These efforts will improve rural households’ agricultural production ability to combat severe natural disasters.
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HFV/
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Age
Education

Marriage
Family members
Family income
Number of houses
Whether operates a
business

Farmers' health

Credit constraints

Agricutural output

Explanation

0= no over-indebtedness and having emergency savings

1 = over-indebtedness but having emergency savings or no over-indebtedness and having no
emergency savings

2 = both over-indebtedness and having no emergency savings

Changes in temperature

Changes in precipitation

1= male

2 = female

1= no schooling at all
2 = primary school

3 = junior high

4 = high school

5 = technical high school

6 = college/vocational school
7 = bachelor's degree

8= master's degree

9 = doctorate degree

0= no spouse

1 = having a spouse
Numbers

Ln (family total income)

0=no

1=vyes

1 = very bad
2=bad

3 = ordinary

4= good

5 = very good
0=rno

1=yes
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