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Geohazards trigger well-documented adverse effects on human health and economic development. However, previous studies mostly focused on the impact of one specific geohazard on consumption and discussed the impact mechanism from a limited perspective. In this paper, we focus on the consequences of generalized geohazards on household consumption in China and investigate the mechanisms of the impact of geohazards on consumption from three perspectives by using the China Household Finance Survey 2017 microdata and National Bureau of Statistics provincial-level data. The study finds that, firstly, household consumption is significantly higher in areas with more geohazards and the effect is found to be long-term. This finding passes a series of robust tests. Secondly, heterogeneity analysis reveals that the consumption structure of families is changed by geohazards. Moreover, the frequency of geohazards affects the consumption of households at different income-level to different degrees. Thirdly, among three possible impact mechanisms, the main mechanism of the impact of geohazards on household consumption is through the increasing of individuals’ impatience.
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INTRODUCTION
Scholars are actively researching the interconnection and interaction between geohazards and human society (Yao et al., 2022; Zhang et al., 2021a, 2021b), to reveal the socio-economic attributes of geological disasters more comprehensively. According to the findings from the literature, geohazards are disruptive and responsive to human health and economic development in many ways. For instance, human casualties (Salvati et al., 2018; Alam and Ray-Bennett, 2021; Li et al., 2021; Shinohara and Kume, 2022), direct damage to infrastructure or private property (Rosenbaum and Culshaw, 2003; Yang et al., 2022), the negative impact on household income (Mertens et al., 2016; Pham et al., 2021), the change of consumer behavior among groups with different level of income (Moniruzzaman, 2019; Yao et al., 2019) and lower life satisfaction (Sapkota, 2018; Berlemann and Eurich, 2021; Burrows et al., 2021).
In the field of consumption, there is no consistent academic conclusion on how the hazards impact consumer behavior. One perspective is examining the impact of disaster experiences on individual risk preferences. Some scholars, based on a precautionary savings motivation perspective, argued that personal experience of disasters led to increased risk aversion (Cameron and Shah, 2015; Bourdeau-Brien and Kryzanowski, 2020). These risk-averse consumers would consequently increase current savings and crowd out current consumption to prevent unexpected declines in future income and to smooth out future consumption. However, other scholars believed that hazards experience increased individual risk preference (Eckel et al., 2009; Page et al., 2014). The current consumption expenditure would not decrease significantly, but people who suffered a loss would be more likely to take a risk. Others found that hazard experience has no significant impact on consumers’ risk preference (Voors et al., 2012; Callen, 2015). Cameron and Shah (2015) randomly selected individuals in rural Indonesia to play standard risk games. They found that people who recently suffered from floods or earthquakes showed more risk aversion. Experiencing natural disasters would make people aware that they are now facing greater risks of future disasters. Similarly, Bourdeau-Brien and Kryzanowski (2020) used the monetary value of losses owing to natural disasters, that covered natural hazards such as thunderstorms, hurricanes, floods, wildfires, or tornados. Their results showed that natural disasters led to a statistically and economically significant increase in risk aversion at the local level. On the contrary, Eckel et al. (2009) investigated the risk preferences of evacuees shortly after Hurricane Katrina, evacuees at 1 year later and samples in Houston with similar demographic data. The results indicated that the first group of samples showed significant risk preferences compared with the other two groups. And Page et al. (2014) used the edge of the 2011 Australian flood as a natural experimental environment. They found homeowners who suffered floods and faced a huge loss of property value are 50% more likely to choose risky gambling. While Voors et al. (2012) found drought or excess rainfall and Callen (2015) found tsunamis had no significant effect on risk preferences.
The second perspective is testing whether disaster experience changes time preference. Some scholars believed that consumers would realize that life and the future is uncertain after experiencing the disaster and would prefer current utility (Cassar et al., 2017). In the intertemporal decision-making of savings and consumption, the current consumption utility was stronger than the future consumption utility for these consumers, so they were more inclined to the current consumption. Other scholars believed that consumers’ time preference was prone to long-term after a natural disaster (Isoré and Szczerbowicz, 2017; Chantarat et al., 2019), leading to a decline in current consumption and an increase in savings. Cassar et al. (2017) conducted a series of experiments in rural Thailand and found that the 2004 tsunami led to significant long-term increases in risk aversion, prosocial behavior, and impatience. Conversely, Isoré and Szczerbowicz (2017) developed a New Keynesian model. The study found that the increase in disaster risk could produce recession and countercyclical risk premium, and agents became more patient in dealing with disaster risk shocks. Chantarat et al. (2019) used primary survey data to examine the effects of the 2011 mega-flood on Cambodian rice farmers’ household preferences, subjective expectations, and behavior. They found that flood victims exhibited greater risk aversion and altruism, reduced impatience and trust in friends and local government.
The third idea is that disaster experience affects consumption by reducing income (Mottaleb et al., 2013; Mertens et al., 2016). Both those who worked as self-employed, such as farmers, and on a wage were more likely to suffer reduced income after the disaster. However, other scholars found that disaster experience had no significant impact on income but on financial hardship and risk aversion (Johar et al., 2022). Based on the above research, the mechanism of geohazards on household consumption is shown in Figure 1.
[image: Figure 1]FIGURE 1 | Mechanism of geohazards on household consumption behavior.
Academic research on the impact of geohazards on consumer behavior is currently limited by the availability of data, and there is still much room for development. Firstly, most of the relevant research objects are restricted to specific disasters. To go beyond that, this paper uses the generalized geohazards data in China, and the research conclusions are more universally applicable. Secondly, most of the relevant studies only focused on the impact based on one mechanism, while this paper comprehensively tests three mechanism channels of the impact of disaster experience on consumption and provides micro evidence from Chinese households’ perspective. Thirdly, the empirical analysis of this paper uses Chinese household microdata, discusses and solves potential endogenous issues, and performs multidimensional robust tests and heterogeneity analysis to increase the reliability of the results. Besides the three theoretical and empirical aspects above, on a practical aspect, the outbreak of COVID-19 has been a huge shock to the global economy, and the findings of this paper could help predict the impact of this pandemic on households time preferences, risk preferences and consumption.
The remainder of this study is arranged as follows. The second section is the theoretical model, the third section is the econometrics model, data sources and descriptive statistics, the fourth section is the empirical tests, and the last is the conclusion section.
THEORETICAL MODEL
The existing consumption models have well-established the representations of time preference inconsistency, and this paper draws on the work of Phelps and Pollak (1968) and Krusell et al. (2002). However, there is a lack of authoritative expressions of changes in risk preferences. In order to find an analytical solution, this paper uses the common CARA function to describe the consumer utility function, that is [image: image], where θ is the absolute risk aversion factor.
Based on the research of Phelps and Pollak (1968) and Krusell et al. (2002), this paper sets the discount factor of consumers as {1, βδ, βδ2 … βδt}. Then introducing the hyperbolic discounting model into the utility function:
[image: image]
Among them, the long-term discount factor used between the future T period and T+1 period (long-term) is [image: image]. The short-term discount factor between period 0 and period 1 (short term) is βδ. β=1 represents the exponential discount function in which consumers have time consistency. β<1 represents short-term impatience of the consumer, lack of patience compared to the original plan and overspending relative to the original plan. β>1 means that consumers are more tolerant, more patient than the original plan, and spend less than the original plan.
Then the intertemporal decision-making of consumers can be expressed as the following dynamic programming problem:
[image: image]
[image: image]where β is the short-term discount factor and δ is the long-term discount factor used to express time preference inconsistency. yt is disposable income, at is household wealth, r is the interest rate, [image: image] represents the income shock, obeys the normal distribution with the mean value of 0 and the variance of [image: image], and the instantaneous utility function of consumers is [image: image].
By establishing the Behrman equation, the optimal consumption is:
[image: image]
This optimal consumption shows that the change in household income, time preference and uncertainty of future income affect household consumption, which is consistent with the possible mechanism of previous literature. The disposable income yt and household wealth at, is positively correlated with consumer current spending ct. The variance of expected future income [image: image], which means uncertainty of future income, is negatively correlated with the current consumption ct. From the perspective of time preference, in contrast to no inconsistency in time preference that β=1, consumption increases when consumers are impatient that β<1, and decreases when β>1 consumers are more patient. The theoretical conclusion indicates the possible consequence of income, time preference and uncertainty on consumption. Empirical tests will further study the impact of geohazards on consumption through those variables.
ECONOMETRICS MODEL, DATA AND DESCRIPTIVE STATISTICS
Econometrics Model
Based on the above ideas, the following econometric model is constructed to test the impact of geohazards on residents’ consumption.
[image: image]
Where cij is the consumption of household i in region j, Zi represents other factors that may affect consumption, including household head characteristics and household characteristics. Xj is the control variable at the macro level.
The data in this paper comes from the China Household Finance Survey 2017 and the China National Bureau of Statistics in 2016, respectively conducted by the Southwestern University of Finance and Economics in 2017 (CHFS 2017) and the Chinese government. The CHFS 2017 sample covers 29 provinces (autonomous regions and municipalities) in China except for Xinjiang, Tibet, Hong Kong, Macao and Taiwan. In 2017, China Household Finance Survey collected 40,011 valid samples. The questionnaire questions covered the interviewees’ income, consumption, subjective preferences and other specific conditions of the participants in 2016, with national, provincial and sub-provincial city representation. The China National Bureau of Statistics provides provincial-level data.
Variable Selection and Descriptive Statistics
Household consumption variable includes total household consumption, categorized consumption expenditure and annual credit card spending. In testing the mechanism of the influence of geohazard experience on household consumption choice, the amount of annual credit card spending is selected as the measurement variable of household time preference for the reason that the credit card usage represents the household attitude between immediate utility and expected future utility (Meier and Sprenger, 2010; Gathergood, 2012).
As for the geohazards variable, the frequency of provincial geological hazards is used as the measurement variable of the degree of geological disasters in the region. The number of casualties of provincial geological disasters is used as the robust test. In the China National Bureau of Statistics, geohazards refer to sudden geological hazards such as landslides, avalanches, mudslides, ground subsidence and slow-varying geological hazards such as ground cracks, ground subsidence and seawater intrusion. Figure 2 displays the geographic dispersion of frequency of geohazards.
[image: Figure 2]FIGURE 2 | Geographic dispersion of the number of geohazards.
Referring to the previous literature, control variables include household characteristics, household head characteristics, and macro control variables. Where household characteristics include annual household income, assets, whether the household lives in rural, whether the household owns houses, family size, and dependency ratio. The characteristics of a head of household include gender, age, square item of age, whether to pay medical insurance or endowment insurance, education level and marital status. Macro variables are provincial GDP, population and local fiscal general public expenditure.
In order to reduce the influence of extreme value on the results, this paper uses 99% quantile to deal with the extreme value of variables and takes the logarithm of non-dummy variables to reduce the influence of heteroscedasticity. Descriptive statistics of main variables are shown in Table 1.
TABLE 1 | The statistics description of main variables.
[image: Table 1]EMPIRICAL RESULTS AND DISCUSSION
Analysis of Basic Results and Robust Tests
Table 2 displays the OLS basic results and a series of robust test results of the impact of geological hazard frequency on household consumption.
TABLE 2 | Impact of geological hazard frequency on household consumption.
[image: Table 2]Table 2 regression 1) reports the effect of provincial geohazard frequency on total household consumption in 2016. The results show that when other conditions remain unchanged, a 1% increase in the frequency of geological disasters will promote the total consumption of households by 1.22%. This result is significant at the statistical level of 1%.
Take Table 2 regression 1) as an example to explain the effect of control variables on consumption. Household assets and income have a significant positive impact on consumption, which is consistent with the conclusion of classical economic theory. The age of the household head has an inverted U-shaped relationship with consumption, with consumption showing an upward movement and then a downward trend as age increases. Family size has a significant positive effect on total household consumption. The proportion of family support has a negative inhibitory effect on family consumption. Married or cohabiting households spend significantly more compared to households in other marital status. The higher the education level of the head of household, the higher the family’s expectation of future income. With the increase of expectation permanent income, household consumption will consequently increase significantly. There are differences in consumption between rural and urban families in China, which shows that the consumption of rural families is lower than that of urban families. Households headed by women consume more. If the head of household has medical insurance or endowment insurance, it will reduce the motivation for preventive savings and promote family consumption, but the role of endowment insurance in promoting family consumption is not significant. Households that own their own houses will have lower consumption. The more developed the economy of the province, the more government public expenditure, the higher the level of household total consumption, and the population of the province is negatively correlated with the total household consumption.
Further empirical tests reveal that the above results passed the robust tests based on the replacement of explanatory variables and the empirical tests to mitigate the endogenous problem of omitted variables, that is, the results of regression 2) to regression 5) in Table 2. Among them, regression 2) is a robust test based on the replacement of explanatory variables. Replacing the explanatory variable with the number of casualties due to geohazards, the results confirm that the deeper the area is affected by geohazards, the higher the level of total household consumption and the total household consumption level increases statistically significant at the 1% level. Table 2 Regression 3) to regression 5) is to reduce the endogenous problem of missing variables. The impact on consumption in disaster areas may be uncertain due to the compensation effect of receiving government disaster relief funds based on the income level. In order to distinguish between the effects of receiving disaster relief funds and the degree of geological disaster on consumption, the dummy variable of whether the family received government disaster relief funds in that year was added to the regression (3). The results show that the promotion effect of disaster relief funds on consumption does not change the significance of the care variable coefficient of regional geohazards frequency on household consumption. Areas with different frequencies of geohazards may have different geographical environments or cultural backgrounds, and they may affect the consumption level. Table 2 regression 4) uses the topographic relief degree of the province as the proxy variable of the geographical environment and Table 2 regression 5) uses the Han nationality dummy as the proxy variable of the cultural differences. After adding those variables, the coefficient of the core explanatory variable remains robust.
Heterogeneity analysis
Tables 3, 4 analyze the heterogeneity of household consumption structure and different income groups.
TABLE 3 | Heterogeneity of the frequency of geohazards in the category of consumption.
[image: Table 3]TABLE 4 | The impact of frequency of geohazards on household consumption at different income levels.
[image: Table 4]Table 3 shows the heterogeneous impact of the frequency of geological disasters on eight types of consumption. According to the estimation results in Table 3, the frequency of geological disasters will significantly promote the consumption types of food, clothing, household equipment and services, transportation and communication. The type of consumption of housing, health care and education, culture and entertainment services are significantly suppressed, and the effect on other categories of consumption is not significant. Overall, the results of heterogeneity analysis support the conclusion of baseline regression and suggest that geological hazards affect the structure of household consumption.
In order to explore whether the consumption of households at different income levels differs according to their wealth traits, Table 4 reports the impact of the frequency of geohazards on household consumption at different income levels. Considering the differences in the level of economic development of each province, we classified the full sample households into four groups in descending order of per capita income within their respective provinces. The lowest 25% of households ranked in terms of per capita income are considered low-income households, households ranked 25–50% are regarded as lower-middle-income households, households ranked 50–75% are considered upper-middle-income households, and households with per capita income ranked the highest 25% are regarded as high-income households. The results of Table 4 show that for families at different income levels, the impact of the frequency of geological disasters on their current consumption is different. The promotion effect of geological disaster frequency on the consumption of low-income and lower-middle-income households is higher than that of upper-middle-income and high-income groups, among which the promotion effect on the consumption of lower-middle-income households is the strongest. The promotion effect on the consumption of high-income families is not significant.
Mechanism Analysis
This paper discusses the impact mechanism of the frequency of geological disasters on household consumption from the perspective of income, risk preference and time preference, as well as discuss the long-term impact of the frequency of geological disasters on household consumption.
According to the conclusions of the theoretical model, household consumption is positively influenced by income. The frequency of geological disasters has an impact on income in two directions. On one hand, due to the occurrence of disasters, the possibility of income decline or unemployment increases (Berlemann and Eurich, 2021), causing a decrease in household income. On the other hand, the hazard relief funds issued by the government can make up for the decline in income. Post-disaster construction assistance and relief work can drive employment and investment to a certain extent in the affected areas, with a positive effect on the income of households. We need to test whether the frequency of geological disasters will affect the income level of affected families. The results of regression 1) in Table 5 show that the frequency of geological hazards has no significant effect on household income level. This indicates that the change in income level is not a mechanism by which the frequency of geohazards affects household consumption.
TABLE 5 | Mechanism analysis and long-term impact test.
[image: Table 5]According to the precautionary saving theory, the higher the degree of risk aversion of residents, the more inclined they are to increase current savings to smooth future consumption, leading to a reduction of current consumption. On the contrary, the lower the level of risk aversion in the household, the fewer savings are made for precautionary motives and the weaker inhibition effect on current consumption. Therefore, we test whether the frequency of geohazards affects consumption by changing affected residents’ risk preferences. According to the CHFS questionnaire on the measurement of risk preference, that is, ‘If you had two lottery tickets to choose from right now and if you choose the first one, you have a 100% chance of getting 4,000 yuan, if you choose the second one, you have a 50% chance of getting 10,000 yuan, and 50% chance of getting nothing, which one would you like to choose?’ In this paper, the risk aversion dummy variable is set to one for respondents who choose the first lottery ticket, and the risk aversion dummy variable is set to 0 for a respondent who chooses the second lottery ticket. The results of regression 2) in Table 5 show that the frequency of geohazards has no significant impact on household risk preference, indicating that the change of risk preference is not the mechanism of the frequency of geohazards affecting household consumption.
Time preference is an important factor influencing individuals’ intertemporal decisions; individuals with long-term time preference have higher utility for future consumption and are more inclined to increase savings and decrease consumption in the current period. In contrast, individuals with short-term time preferences are more likely to increase current consumption and reduce savings. This paper tests whether the frequency of geological hazards changes the temporal preferences of affected residents. Credit card expenditure, which is closely related to time preference, is selected as the proxy variable of time preference. Since credit card expenditure can only be observed by using credit cards, the observed value of credit card consumption of households without credit cards is 0, resulting in truncated data, so Tobit regression is used. Table 5 regression 3) shows that the frequency of geohazards has a significant positive effect on the amount of credit card spending. This suggests that the frequency of geohazards may be a mechanism for households to increase their consumption by changing individual time preferences to place more emphasis on the utility of current consumption, which in turn promotes household current consumption. Changing the time preference may be a mechanism for families to increase consumption after geological disasters experience.
Table 5 regression four adds the provincial geohazard frequency variable with a 5-years lag to test the long-term effect of geohazard frequency on household consumption. The regression results show that experiencing a geological disaster not only has an immediate and significant boosting effect on residents’ consumption but also has a significant long-term boosting effect on their consumption.
CONCLUSION
Geological hazards have a significant impact on consumer behavior, but few previous studies have focused on the impact of generalized geohazards on consumption and conducted multi-perspective mechanism discussions. Moreover, the existing literature has not reached a consensus conclusion. To address this research gap, this paper examines how geohazards in China affect household consumption by using CHFS 2017 microdata and the National Bureau of Statistics provincial-level data. Based on the above theoretical model and empirical test results, the conclusions reached in this study are as follows:
Firstly, the level of household consumption is significantly higher in regions with more geohazards. The results remain robust after changing the explanatory variables, excluding the impact of government disaster relief funds and solving the endogenous problems that may be brought by different geographical environments or cultural backgrounds.
Secondly, a more detailed heterogeneity analysis reveals that geohazards affect the consumption structure of households, with significant increases in consumption categories such as food, clothing, household equipment supplies and services, transportation and communication consumption types. In addition, the frequency of geological hazards affects households’ consumption at different income-level to different degrees, with a stronger consumption boost for low-income and lower-middle-income households. In addition, the empirical results also confirm that the frequency of geohazards has a significant increase impact on household consumption not only in the short term but also in the long term.
Thirdly, the empirical results show that the impact mechanism of the frequency of geohazards on household consumption mainly lies in changing the individual’s time preference, making the individual prone to indulge in the present and increase the current consumption. While income and risk attitudes do not change significantly after geohazards and are not the influencing mechanisms.
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