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In the context of increasing uncertainty in the international economic environment and changes in the labor market, it is imperative to pay proper attention to the environmental quality and sustainability. This paper theoretically analyzes the impact of financial development and financial inclusion on the environmental sustainability. Based on the survey data of 2093 households in Xunyi and Yangling, Shaanxi Province, China, the 2SLS model, and the instrumental variable quantile regression model are constructed to test the association of variables. The results show that the development of financial inclusion and financial development have an inverted “U” shaped nonlinear effect on the environmental quality and efficiency; Only after the development of financial inclusion reaches a certain degree can the environmental quality and sustainability be effectively improved. The results of the quantile regression of instrumental variables show that financial inclusion significantly improves the environmental quality with medium and high degrees but does not have a significant effect on the environmental quality and sustainability with low degrees. After considering the endogeneity and robustness test, the above conclusion still holds. Further research shows that inclusive financial development improves environmental quality and results in sustainable development. Improving the convenience and depth of use of financial services is the key to effectively reducing rural household economic vulnerability and improve the environmental quality. The heterogeneity analysis shows that financial inclusion development has a stronger effect on improving the environmental quality. This study provides empirical evidence and policy implications to better promote financial inclusion to improve the economic vulnerability of rural households, improve environmental quality and achieve the sustainable development. These findings provide policy support to better promote financial inclusion to improve the economic vulnerability of rural households, improve environmental quality and achieve the sustainable development, which can ameliorate environmental degradation, and create a safe, healthy and sustainable environment for achieving sustainable development goals.
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1 INTRODUCTION
During global environmental change, the world is facing a huge loss or major blow to multiple natural resources and experiencing a significant reduction in biodiversity and a great threat of climate change (Fahad and Wang 2018). To prevent the rapid degradation of natural resources, users of resources and governments must strengthen the management of key environmental variables, and achieve sustainable social-ecological systems (Chen et al., 2022a; Fahad et al., 2022a). In social-ecological systems, human activities, social systems and natural resources are closely linked and interact with each other. Especially in rural areas, the frequent occurrence of natural disasters significantly impacts production and the economy. In the face of complex changes in the global environment, enhancing ecosystem services through adaptive management is a meaningful way to guarantee the sustainability of resources (Chen et al., 2022b; Han Yuan, 2022; Hu and Wang, 2022). Therefore, there is a need to analyze the relationship between resources, environmental quality and household resilience to effectively address the risks arising from global environmental change (Gaisie et al., 2021; Su et al., 2022a; Song et al., 2022).
Economic vulnerability is an essential indicator of household resilience, environmental quality and sustainability. With the uncertainty of the international external economic environment, repeated shocks from domestic and international epidemics, industrial restructuring, changes in the labour market, and births, illnesses and deaths have increased the number of risk events faced by rural households (Gutiérrez-Romero and Ahamed, 2021; Fahad et al., 2022b; Su et al., 2022b). In addition to environmental factors, the Medical expenses, death, unemployment, children’s education, household balance sheet structure, and weddings are the main risk to the family (Flores and O’Donnell, 2016; Fernández-Blanco, 2022). The higher the family’s economic vulnerability, the lack of the ability to properly handle the risk problems leads to the risk situation of income, and consumption, leading to or returning to poverty (Yue et al., 2021). According to [China Household Wealth Index Research Report (2020 Q1)]: Hit by the COVID-19 pandemic, 13.4% of the surveyed families said that their job stability had decreased significantly and 18.9% of the surveyed families’ wages had decreased a lot. The impact on vulnerable groups was more significant and 34.3% of families with an annual income of 50,000 yuan or less had their wages reduced significantly. Among households with annual revenues of 50,000 to 1,00,000 yuan and 1,00,000 to 3,00,000 yuan, 16.7% and 9.9%, respectively, saw their salaries cut significantly. In this context, the study of how to effectively reduce the economic vulnerability of families has become an important issue to prevent rural scaling back to poverty and consolidate the achievement of poverty alleviation.
Finance is considered the main component in reducing vulnerability and promoting sustainable development. Since China proposed the inclusive financial development strategy in 2015, financial inclusion services play a crucial role in improving rural household income and welfare, improving the ability to cope with and resist risks, improving household vulnerability, and promoting the adoption of clean energy in households (Yang and Fu, 2019; Pomeroy et al., 2020; Yan et al., 2022; Yang et al., 2022). In theory, inclusive finance is mainly relevant to poorer groups where farmers and peasants may not have the wealth or credit to invest in renewable energy sources, such as solar energy, which is cheaper and emits less carbon monoxide (Hashmi et al., 2021; Wang et al., 2022b; Shah et al., 2022). Therefore, financial inclusion may increase rural households’ adoption of healthier lifestyles for the environment, increasing affordability and adoption of healthy practices. However, current research has mainly documented the positive impact of financial inclusion on economic development. There are few empirical studies to demonstrate the impact of financial inclusion on household economic vulnerability and environmental sustainability. For example, Erlando et al. (2020) note that inclusive credit and insurance services can directly increases the access of rural families, especially the poor rural groups, to financial services. At the same time, inclusive financial services improve the level of family income by promoting entrepreneurial and innovative activities and alleviating educational poverty (Lensink et al., 2017; Camargo and Stein, 2022). Mina and Imai (2017) proposed that the level of coverage of banking institutions at the provincial and community levels can improve credit availability, financial service efficiency, and service quality and significantly reduce household economic vulnerability. Essel-Gaisey and Chiang, (2022) found that being financially included decreases households’ probability of being environmentally poor by about 4.2%–5.1%.
To our knowledge, this is the first attempt to explore the link between financial inclusion and environmental growth at the rural household level. From reviewing the existing literature, we found that the role of financial inclusion on economic vulnerability and environmental sustainability has not been explored in-depth and the empirical results obtained have not been conclusive. Most existing studies have been analyzed at the macro level. Moreover, China has a large population of rural residents, but there is a lack of practical research on the impact of financial inclusion on the economic vulnerability and environmental sustainability of Chinese rural households. Therefore, there is an urgent need to explore the impact of financial inclusion on the economic vulnerability and environmental sustainability of rural households.
Different from previous studies, this study contributes to the existing literature in the following three aspects. Firstly, the heterogeneous rural household vulnerability effects of inclusive financial development are investigated by using the 2SLS model, and the results of heterogeneous estimates of the economic vulnerability quantile of financial inclusion are considered using an instrumental variable quantile regression model. Secondly, to deepen the understanding about the impact of financial inclusion, four dimensions of financial inclusion are considered: breadth of coverage, convenience, depth of use, and satisfaction. Thirdly, we analyse the heterogeneity of the results across different modes of operation, different levels of education, different income levels, and different social capital in order to capture the idiosyncratic effects of financial inclusion. The study focuses on rural China, rather than China as a whole, as there are significant differences in the household vulnerability profiles of rural and urban residents in China, with rural residents being generally more vulnerable than urban residents, which is related to differences in income and infrastructure.
Financial inclusion can contribute to a country’s economic development and reduce the impact of extreme poverty and economic disparities. Still, it can have far-reaching effects on environmental quality and sustainable development that need to be explored. This study is an effort in this direction, and we have decided to examine the impact of financial inclusion on the economic vulnerability and environmental quality of rural households in China. We Use the data from rural Shaanxi, China, and apply the 2SLS model and instrumental variable quantile regression model to address the individual heterogeneity and potential endogeneity of rural households. Our data estimates suggest that environmental quality and sustainability can be effectively improved only after financial inclusion development reaches a certain level. Furthermore, we observed that increasing the ease and depth of financial service use significantly improved medium and high environmental quality but had no significant effect on low environmental quality. This suggests that issues of environmental quality and sustainability in rural China can be improved by increasing the ease and depth of use of financial services. Therefore, policies aimed at effectively improving environmental quality and sustainability in rural China may focus on improving the economic vulnerability of rural households by improving the ease and depth of financial service use, rather than solely emphasizing financial service coverage for rural households.
Our study is structured as follows. The next section introduces the theoretical analysis and Hypothesis. Section 3 introduces the data, variables, and empirical method, which are used to investigate the effect of inclusive finance on the household vulnerability, environmental quality and sustainability. Section 4 discusses the estimation results and our main findings. The last section concludes the study and provides policy implications according to our empirical findings.
2 THEORETICAL ANALYSIS AND HYPOTHESIS
2.1 The impact of financial inclusion on the vulnerability
The rural financial market has long-term problems of imbalance and inadequacy of supply and demand, lack of standard collateral, and imperfect credit information for rural households, which make them excluded from the traditional financial system for a long time (Schoofs, 2022). Promotion of financial inclusion aims to allow all social strata, especially vulnerable groups, to enjoy fair and equal rights to financial services, and rural families are critical service groups of financial inclusion. However, according to the theory of public policy, the implementation of policy, the promotion of execution organization, and the construction and improvement of the system are gradual processes. On the one hand, there is a certain threshold for access to financial services. So, in the early stage of the development of financial inclusion, it is difficult for low-income people to obtain financial support. Only when financial development becomes more mature can it effectively benefit the poor (Bolarinwa and Akinlo, 2021). On the other hand, capital has a profit-seeking nature. In the short term, when limited financial resources enter the rural market, social elites with high income, rich social connections, and political status occupy a dominant position in resource allocation. This leads to the phenomenon of “elite capture,” in which agricultural loan funds were appropriated by elites (Wen et al., 2016). For example, there is a serious phenomenon of “elite capture” in both “government bank-insurance” credit and urban and rural self-employment loans (Wang et al., 2021; Wang et al., 2022a). Affected by the loss of efficiency in resource propensity allocation and the lack of financial knowledge, improving the inclusion of banking services has not yet reflected the obvious benefit of poverty (Li and Han, 2019). Therefore, when the development of financial inclusion is relatively weak, the income and consumption gap between households without financial services and those with financial services may widen. In addition, financial inclusion helps nonpoor households prevent risks, smooth consumption, and accumulate factors, and exacerbates income inequality between poor and nonpoor households (Wang and Du, 2018). So, in theory, when the financial inclusion development level is at a low level, temporarily unable to overcome the rural financial market long-term existence of formal financial institutions, high threshold, high service costs, and adverse selection, the problem is captured by the “elite.” This leads to financial products and services not being able to effectively meet all kinds of main body and diversification of income group operation and different demand; It is not conducive to improving the economic vulnerability of rural households.
With the continuous improvement of financial inclusion, the product and service system of financial inclusion will gradually be optimized. On the one hand, financial diversity can promote competition in the financial industry, reduce barriers to entry, etc. This will improve the traditional factors of the rural financial market and product market efficiency, further correcting the conventional financial system of “little” features and improving the accessibility of inclusive financial services for rural households (Gomez et al., 2015). On the other hand, it can improve the efficiency of financial capital allocation, increase investment opportunities, promote rural economic growth, and optimize income distribution to promote development benefits to more disadvantaged rural families (Emara and El Said, 2021). By optimizing resource allocation, inclusive credit services can provide more credit capital for agricultural production and rural development. Reduce the impact of current capital liquidity constraints that residents face, smooth sudden household consumption, and thus improve the total utility level of intertemporal household consumption (Deidda, 2014). Diversified innovation and wide popularization of inclusive insurance services can provide risk protection tools for families, improving the risk handling ability of rural families. Effectively improve families’ financial vulnerability by avoiding the negative impact of risk impact on families (Contró et al., 2021), improve family welfare, and reduce the marginal effect of various risks on family economic vulnerability (Yue et al., 2021). Studies have shown that inclusive insurance can play complementary functions with financial services such as poverty alleviation microfinance, formal inclusive credit, and digital finance to jointly reduce household vulnerability to poverty. So, in theory, financial inclusion development, step by step, can enhance rural household savings, investment, and consumption ability. Improving rural households in consumer, health care, education, social security, employment, entrepreneurship, etc., and making them more economic conditions for the development of production and operation, doctor treatment, buy insurance against risks, improve the level of family education, etc. Finally, the structure of household income and consumption can be improved, which helps reduce the economic vulnerability of households. To sum up, our paper proposes the following hypotheses:
Hypothesis H1. Inclusive financial development has an inverted “U” shaped impact on the economic vulnerability of rural households.
Hypothesis H1a. When the development of financial inclusion is at a low level, it is not conducive to improving the economic vulnerability of rural households.
Hypothesis H1b. A higher level of financial inclusion can effectively reduce the economic vulnerability of rural households.
2.2 The impact of financial inclusion on the different dimensions of vulnerability
The economic vulnerability of rural households was caused by inter-village inequality, intra-village inequality, collaborative risk, heterogeneous risk, unexplained risk, and many other reasons (Ligon and Schechter, 2003; Zhang et al., 2016). Among them, inter-village and intra-village inequality is the primary indicator to measure household poverty or inequality; collaborative risk, heterogeneous risk, and unexplained risk are the changes of various risks affecting household economic vulnerability. Differences between rural spatial resources and initial household endowments (such as financial assets, social capital, human capital, etc.) will affect income and expenditure inequality within and between villages (Zhen and Ling, 2017). Additionally, inequality within villages is more severe than among villages (Xu et al., 2022). In this case, increasing the breadth and depth of inclusive financial services still helps alleviate consumption inequality in rural household goods, education, culture, transportation, and communication (Inoue et al., 2018; Urrea and Maldonado, 2011) and promote inclusive development. Therefore, financial inclusion development can improve the availability of financial services for rural households and focus on alleviating household economic vulnerability caused by inter-village and intra-village inequality by improving household consumption and welfare levels.
Thus, our paper proposes the following hypotheses:
Hypothesis H2. Financial inclusion development mainly improves household economic vulnerability caused by inter-village and intra-village inequality.
2.3 The heterogeneous impact of financial inclusion on vulnerability
In addition, the development of financial inclusion has prominent regional differences characteristics (Demirguc-Kunt et al., 2015). This unbalanced development will cause different economic entities to get differentiated benefit opportunities from it. At the same time, due to differences in family resource endowment and educational background, the impact of financial inclusion development on the economic vulnerability of different types of families may also be different. For example, whether financial inclusion can play the role of risk management and reduce household economic vulnerability depends on whether vulnerable groups can obtain financial availability to meet financial credit needs and whether excluded individuals grasp the concept of financial knowledge (Lopus et al., 2019). Meanwhile, residents with higher education levels benefit more from developing financial inclusion (Grohmann et al., 2018). Therefore, due to differences in household resource endowments, the impact of financial inclusion on the economic vulnerability of different households may be heterogeneous. Based on the above, this paper proposes the following hypotheses:
Hypothesis H3. The effect of inclusive financial development on improving the economic vulnerability of different rural households is heterogeneous.
3 METHODS
3.1 Data sources
The data in this paper are from the rural field household survey with the theme of “Rural Inclusive financial development and Household economic vulnerability” carried out by the research group in Xunyi County and Yangling Demonstration Zone, Shaanxi Province, China, from July to August 2018 to 2019. We chose this location for two reasons. Firstly, it is one of the demonstration zones for China’s central financial support for inclusive financial development. Secondly, Xunyi County is located in the west of central Shaanxi, where droughts and floods coexist in the summer and some areas often experience catastrophic weather such as lightning, hail, heavy rain and high winds. Yangling is located in central Shaanxi and has a suitable climate. Therefore, farmers in the two areas are able to represent the differential characteristics of vulnerability under different environmental conditions.
We considered each township’s economic development and used a combination of multi-stage stratified and random sampling. In Xunyi County, three townships (towns) with leading economic development, namely Taicun Township, Chengguan Township, and Zhanghong Township. And two townships with average economic growth, namely Chidao Township and Yuandi Township, were selected for sampling. In Yangling Demonstration Zone, three representative townships (towns) reflecting different levels of economic development were selected, including Jiugu Township, Wuquan Township, and Dazhai Township, as shown in Figure 1. In each township (town), we first select three to four villages according to population density, type of industrial development, and other indexes. Second, 40–50 sample farmers (mainly heads of households) were randomly selected in each sample village for interviews to ensure the randomness and representativeness of the sample.
[image: Figure 1]FIGURE 1 | Regions of the surveyed farmers in Shaanxi province.
In this survey, a total of 2,215 questionnaires were distributed, covering 27 natural villages in eight townships (towns) in two regions of Shaanxi province, China. After eliminating abnormal samples and extreme values, 2093 valid questionnaires were screened, with an effective rate of 94.49%. The sample households represent the distribution characteristics of farmers with different economic conditions and different types of agricultural management in the county area, which has a good representation.
3.2 Variable selection
3.2.1 Dependent variable
Household economic vulnerability reflects the impact of risk shocks on household consumption and welfare. There are three typical representative and mainstream measurement methods: First, the vulnerability-to-expected poverty (VEP) measurement method, which is an ex ante estimate and has often been used by scholars in poverty vulnerability research (Zhang et al., 2022), but this method depends on the setting of the poverty line and vulnerability line; Second, the vulnerability-of-risk exposure (VER) measurement method, which is an ex post estimation method, estimates the vulnerability through the risk shocks that have occurred. This method has strict requirements on data, so its utilization rate is not high. The third is the vulnerability to the expected utility (VEU) measure, which also belongs to ex-ante estimation. This measure reflects the subjective preferences of individuals or families in the choice of utility functions. It can objectively reflect the changes of risk shocks on family welfare according to household consumption or income changes (Ligon and Schechter, 2003).
Therefore, our paper uses the difference between household certainty equivalent utility and household expected utility (VEU) under risk shocks to measure the economic vulnerability of heterogeneous households.
The calculation process is as follows: first, set the expected utility vulnerability measure model; second, set the rural household utility function model. The model equation is as follows:
[image: image]
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In Eq. 1, [image: image] is the value of economic vulnerability for household i; [image: image] is the amount of household consumption; r is the type of risk avoidance for the family i, Generally set r equal to 2 or 3 (Ligon and Schechter, 2003); [image: image] is deterministic equivalent consumption, reflecting the level of consumption of households without risk conditions, and the simple mean method is used to find the average amount of consumption of all households for all sample households in 2017 and 2018 for their consumption expenditure data. [image: image] and [image: image] are the consumer utility and expected utility values, and the expected utility of the household is found separately for each household for 3 years using the simple average method. When the actual household consumption is greater than [image: image] , the household economy is non-vulnerable, That is, when [image: image] , represents that the household is not vulnerable; when [image: image] , the household is vulnerable.
Referring further to Ligon and Schechter (2003) decompose the household economic vulnerability indicator into a poverty component and a risk component:
[image: image]
Among them, [image: image] represents the level of consumption when a household falls into poverty, and [image: image] represents the expected level of household consumption. The poverty component reflects the deviation of the household’s expected consumption utility relative to the utility at the poverty line level, expressed as the difference between the deterministic equivalent utility at the poverty line and the predicted consumption value utility. The risk component is the difference between the utility of household i’s expected consumption and the expected utility of consumption. The expected utility of the risk component encompasses the various risks that can affect the economic vulnerability of households. To distinguish the impact of different types of risk on vulnerability, we further decompose rural household vulnerability into five components by referring to the relevant literature as follows. [image: image] Inter-village inequality [image: image] Inequality within the village [image: image] Collaborative risk [image: image] Heterogeneity risk [image: image] Unexplained risk
Among them, inter-village inequality represents the changes in family welfare caused by comparing households in different counties and villages. The inequality within the town represents the change in household consumption welfare affected by the comparison between the residents of the same village; Collaborative risk represents the impact of different living habits in other counties and villages on household consumption, including county and village dummy variables. The heterogeneity risk represents a series of variables that affect the consumption of sample households in period T and the characteristics of sample households, including personal characteristics of the head of the household and family characteristics, etc. Unexplained risk refers to the changes in household welfare caused by the remaining unobservable variables.
3.2.2 Independent variable
Household financial inclusion index. The government and academic departments have unanimously recognized financial inclusion’s multidimensional, comprehensive, and inclusive nature. Most existing studies construct the financial inclusion index at the provincial level and the county level (Sarma, 2015; Álvarez-Gamboa et al., 2021; Macedo et al., 2022), and there are few works of literature on the construction of the financial inclusion development index at the micro-home level. Compared to the macro-measurement index of financial inclusion, the micro-household financial inclusion index has apparent advantages because it can capture the determinants and influencing factors of access to financial services at the individual or household level (Zhang and Posso, 2019). Some scholars tried to construct the financial inclusion development index from the household level (Yin et al., 2019), which provides a reference for this paper. Combined with data availability, this paper constructs a family-level financial inclusion index system that includes four dimensions: breadth of coverage, convenience, depth of use, and satisfaction. Table 1 presents the meanings of each index. Further, referring to the practice of Sarma (2015) and Xu et al. (2020), the average Euclidean distance method was used to calculate the indexes, and the entropy weight method was used to weigh each index and each dimension. Finally, the rural inclusive financial development index (FI) has been synthesized. Given the space constraints, we will not describe the specific formula and calculation process in detail.
TABLE 1 | Index system of rural household financial inclusion.
[image: Table 1]3.2.3 Control variables
According to theoretical analysis and previous studies, the amount of household consumption, as a core indicator of household economic vulnerability, is influenced by internal factors such as personal characteristics of the household head and household characteristics (Wang et al., 2021) and external factors such as regional characteristics (Peng et al., 2021). Therefore, 15 variables, such as individual characteristics of household heads, household characteristics, and village characteristics, were selected as control variables in this paper. Table 2 shows the descriptive statistics of the variables. The personal characteristics variables include gender, age, education level, marital status, and health status. Household characteristics include variables such as household management, household dependency ratio, land management area, social capital, and severity of illness of household members in the current year. Regional characteristics are dummy variables for the location of the household.
TABLE 2 | Definition and summary of variables.
[image: Table 2]3.3 Model construction
3.3.1 Benchmark model
Our paper first examines the aggregate effect of financial inclusion on household economic vulnerability, with the underlying empirical equation set as:
[image: image]
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[image: image] represents the economic vulnerability index of the sample rural household i in year t; [image: image] represents an index of financial inclusion development for rural households i. Considering that the impact of financial inclusion development on household economic vulnerability may be non-linear, we add the square term variable [image: image] of the financial inclusion development index into the formula. [image: image] represents groups of control variables at the individual level and at the household level, [image: image] is the random perturbation term. Considering that there may be endogeneity problems caused by reverse causality and omitted variables in the econometric model, the OLS model and the two-stage least squares (2SLS) model were used to estimate Eqs 4, 5, respectively.
3.3.2 Quantile regression model for instrumental variables
The essence of the OLS and 2SLS models is to use a function of the conditional mean of the explanatory variables to describe the mean of the explanatory variables dependent on each particular value of the explanatory variables without considering the more specific impact of financial inclusion development on rural households with lower or better household economic vulnerability.
To avoid the phenomenon of “average covering up the majority” and solve the parameter estimation problem when the endogeneity problem exists in the quantile regression model, we further used the linear instrumental variable quantile regression (IVQR) model proposed by Chernozhukov and Hansen (2005) to investigate the differential impact of financial inclusion development on the economic vulnerability of heterogeneous rural households. IVQR model set as follows:
[image: image]
In Eq. 6, Y is the dependent variable, D is the independent variable, X denotes exogenous variables, Z stands for tool variable, [image: image] is the conditional quantile. Then converting Eq. 6 to matrix form in the linear form:
[image: image]
In Eq. 7, [image: image] is the potential output corresponding to the different policy variables D, [image: image] , [image: image] is a function of unknown form, the X vector contains all exogenous variables, and V is a set of unobservable variables. Other unobservable variables affect [image: image] through [image: image] , [image: image] obeys a uniform distribution on (0,1). Set the minimum objective function as.
[image: image]
In Eq. 8, [image: image] is the test function for quantile [image: image] .For the given quantile [image: image] and its corresponding [image: image] condition, the above minimization objective function is:
[image: image]
Through Eq. 9, the estimated value of [image: image] can be obtained as follows:
[image: image]
By using the iterative method to make [image: image] approach to 0, [image: image] can be obtained, and Wald statistic is used to test, and finally, the estimated values of [image: image] and [image: image] at the partial site [image: image] can be obtained.
4 RESULTS AND ANALYSIS
To check whether unobserved factors influence, we computed the estimation effect of financial inclusion index and square term of financial inclusion index on household vulnerability variable using OLS model and 2SLS model, respectively. We further computed the quantile estimation effect of household vulnerability using the IVQR model. Finally, we further checked the robustness of the main results by substituting variables and winsorizing the data.
4.1 OLS estimation for the effects of financial inclusion
Firstly, ordinary least squares estimation is taken when endogeneity effects are not considered, and Eq. 1 is regressed by gradually adding the core independent variables and it is squared terms. Table 3 as (1) to (2) shown OLS results for the impact of financial inclusion development on rural households’ economic vulnerability. The result in column (1) shows a nonsignificant positive effect of financial inclusion development on rural households’ economic vulnerability. Based on Eq. 1, we added the squared term of the inclusive financial development index. The results were presented in column (2), and the estimated parameter of the squared term was found to be significantly negative at the 1% level. The above results suggest that there may be an inverted “U” nonlinear relationship between the impact of financial inclusion development on household economic vulnerability.
TABLE 3 | Model fitting results of financial inclusion on economic vulnerability of rural households.
[image: Table 3]4.2 2SLS estimation for the effects of financial inclusion
4.2.1 Selection of the instrumental variable
Further considering the possible endogeneity problems caused by mutual causality and omitted variables, we refer to Zhang et al. (2016) and choose “the mean value of the financial inclusion development index of farmers in other villages in the county where the sample is located” as the instrumental variable. The reasons are as follows: First, the average value of the inclusive financial development index of farmers in other villages within the county except their village does not directly impact the economic vulnerability of the sample farmers. Second, the impact of policy, planning, infrastructure, and other factors on the development of financial inclusion in all towns (villages) in the same county is basically the same. The inclusive financial development index of the sample must be strongly correlated with the inclusive financial development index of farmers in other villages in the county. Therefore, the instrumental variables selected in this paper meet the exogeneity and correlation conditions and are reasonable and effective.
The results of the endogeneity test also show that the Hausman endogeneity test rejects the original hypothesis at the 1% significance level, indicating that there is an endogeneity problem in the model. Considering that the Hausman test is no longer valid under the heteroskedasticity condition, this paper also adopts the DWH test, and the results show that both the Durbin and Wu-Hausman tests reject the original hypothesis at the 1% significance level, thus concluding that the financial inclusion development index variables are endogenous. Regarding the validity of the instrumental variables, in the one-stage estimation results, the t-value of the instrumental variables is 5.13, and the one-stage estimated F-value is 40.23, which rejects the original hypothesis of “weak instrumental variables.” Therefore, the instrumental variables selected in this paper can effectively solve the endogeneity problem.
4.2.2 2SLS estimation results
Then we use the 2SLS two-stage least squares method for empirical tests, and the regression results are reported in columns (3) to (4) of Table 3. The regression results show that the primary term of the inclusive financial development index has a significant positive effect on the economic vulnerability of rural households. And the second term of the inclusive financial development index has a significant negative effect on the economic vulnerability of rural households. It reflects that when the development of financial inclusion is at a low level, it does not have an improving effect on economic vulnerability. Only when the development of financial inclusion reaches a certain level can it significantly improve household economic vulnerability, i.e., the development of financial inclusion has a nonlinear inverted “U” shape effect on rural household economic vulnerability. Thus, Hypothesis 1 is confirmed.
4.3 IVQR estimation for the effects of financial inclusion
Thispaper further employs instrumental variable quantile regressions to analyze the impact of financial inclusion on households at different points of economic vulnerability. Table 4 presents the regression results for the entire sample of rural households in the quartiles 10, 25, 50, 75, and 90 of the economic vulnerability index. It can be found that, except for the Q10 quantile, the impact of the squared terms of the inclusive financial development index and the development index on the economic vulnerability of rural households at each point is all significantly negative and passes the significance level test, further confirming more fully the inverted “U” shape impact of inclusive financial development on household economic vulnerability. When the economic vulnerability is at the Q10 quantile, the household financial inclusion index and the squared term have a negative but insignificant effect on their economic vulnerability. Probably because the economic vulnerability of households is low at this time, households have relatively complete measures to cope with risks and have a solid ability to cope with risks. Hence, the effect of financial inclusion on the improvement of its economic vulnerability is not yet apparent.
TABLE 4 | IVQR results for the effects of financial inclusion on economic vulnerability.
[image: Table 4]Looking at the magnitude of the coefficients of financial inclusion and its squared term, we find that the coefficients at Q25 and Q50 are the largest, indicating that the development of financial inclusion has the most potent effect on improving economic vulnerability for moderately vulnerable households. On the contrary, the impact on improving economic vulnerability for highly vulnerable households is relatively weak.
4.4 Robustness check
The following three methods conduct robustness tests:
1. Using the equal-weight method to determine the weights, the financial inclusion index is remeasured, Eqs 1, 2 are re-estimated, and the regression results are presented in column (1) of Table 5.
2. Using the factor analysis method, the inclusive financial index is remeasured, and the regression results are reported in column (2) of Table 5.
3. Exclude extreme samples. The data were winsorized by 10% and 90%, respectively, and re-estimated. Columns (3) to (4) of Table 5 show the regression results.
TABLE 5 | Robustness test results.
[image: Table 5]We found that the direction of the impact of the inclusive financial development index and its squared term on the economic vulnerability of rural households are consistent with the benchmark regression among the three robustness tests. This result indicates that the fit of the benchmark regression model is more robust and verifies the previous findings that inclusive financial development has an inverted “U” nonlinear effect on rural households’ economic vulnerability.
5 FURTHER DISCUSSION
5.1 Impact of different dimensions of financial inclusion
This paper further empirically analyzes the effects of different dimensions of financial inclusion on the economic vulnerability of rural households. In addition to the satisfaction index, the development indices of the three dimensions of the breadth of coverage, convenience, and depth of use are also measured by the average Euclidean distance method for indicators. The entropy weighting method is used to assign weights to each indicator and each dimension, and finally, the development indices of each dimension are derived. Table 6 reports the regression results. The results in column (1) show that the effect of coverage breadth on rural households’ economic vulnerability is negatively significant at the 1% level, indicating that coverage breadth can effectively reduce rural households’ economic vulnerability, which is consistent with the findings of Wang Bank. (2000). The results in columns (2)–(3) show that both convenience and depth of use have an inverted U-shaped significant effect on rural household economic vulnerability, indicating that only deepening convenience and depth of use of financial services can effectively reduce the economic vulnerability of rural households. The results in column (4) show that satisfaction has no significant effect on the economic vulnerability of rural households. Finally, in the regression in column (5), the impact of financial inclusion coverage, convenience, depth of use, and satisfaction on the economic vulnerability of rural households is investigated simultaneously. The regression results show that the effects of the breadth of financial inclusion coverage, convenience, and depth of use on rural households’ economic vulnerability are consistent with the previous paper, indicating that the regression results are powerfully robust. The above findings suggest that the key to financial inclusion to reduce the economic vulnerability of rural households is to make more efforts to improve the convenience and depth of use of inclusive financial services.
TABLE 6 | Model fitting results of different dimensions of financial inclusion on the economic vulnerability of rural households.
[image: Table 6]5.2 Impact of financial inclusion on different dimensions of household economic vulnerability
This paper also uses the 2SLS model to explore the economic vulnerability of households and, specifically, what types of risk and inequality are ameliorated by financial inclusion. Columns (1) to (5) of Table 7 report the empirical regression results of the development of financial inclusion on the five dimensions of household economic vulnerability: intra-village inequality, inter-village inequality, synergistic risk, heterogeneous risk, and unexplained risk, respectively. We found that the development of financial inclusion and its squared term significantly affected inter- and intra-village inequality at the 1% and 5% levels, respectively. On the contrary, it did not significantly affect synergistic, heterogeneity, or unexplained risk. An explanation was that the development of financial inclusion could effectively improve income distribution inequality and narrow the income gap (Li and Han, 2019), and at the same time, improve rural households’ capital accumulation and risk coping capacity using financial resource allocation and risk aversion, thus helping to reduce inter- and intra-village inequality. The reason for the insignificance of the latter three types of risks may be that the three types of threat are mainly caused by differences in geographical living habits, differences in individual characteristics, and unobservable factors. Accessibility and availability of rural financial inclusion services have not yet had a direct and significant impact on differences in living habits and individual differences between geographical areas. In summary, the development of financial inclusion mainly improves household economic vulnerability caused by inter- and intra-village inequalities. Thus, Hypothesis 2 was confirmed.
TABLE 7 | Model results of financial inclusion on different dimensions of rural household economic vulnerability.
[image: Table 7]5.3 Heterogeneity analysis
In this section, we introduce the interaction term between the core independent variables (financial inclusion development index and its squared term) and household-specific variables (household business type, education level of household head, household income level, and household social capital) in the original model. The purpose is to verify the heterogeneous effect of financial inclusion on the economic vulnerability of rural households.
Table 8 presents the heterogeneity effects of the inclusive financial development index and its squared and interaction terms on household economic vulnerability. The results show that the interaction terms of the inclusive financial development index and its squared term with the education level of the sample household head, the level of household income and the individual education level of the social capital of the household all pass the significance level test. And all impact directions are consistent with the previous benchmark regression, except for the introduction of the type of household business. This indicates that the inverted U-shaped effect of financial inclusion development on rural households’ economic vulnerability is consistent with the previous paper when differences in household characteristics are taken into account. In addition, the significance of the interaction term shows that financial inclusion development has a stronger effect on improving the economic vulnerability of households operating in agriculture, low income level, and with less abundant social capital. Thus, Hypothesis 3 is confirmed.
TABLE 8 | Heterogeneous effects of financial inclusion on household economic vulnerability.
[image: Table 8]6 CONCLUSION AND POLICY IMPLICATIONS
6.1 Conclusion
Financial inclusion is increasingly discussed as an essential means of improving household vulnerability and environmental quality and achieving sustainable development, especially in China. This paper estimates the impact of inclusive financial development on rural household vulnerability using survey data from 2,093 rural households in Xunyi County and Yangling District, Shaanxi Province, China, for 2018 and 2019. We apply 2SLS and IVQR models to address endogeneity due to bidirectional causality and unobservable factors.
We find that financial inclusion has an inverted “U”-shaped non-linear impact on the vulnerability of rural households; the vulnerability of rural households can only be effectively reduced when the development of financial inclusion reaches a certain level. Specifically, the development of inclusive finance is primarily concerned with improving household vulnerability caused by inter and intra-village inequalities. After endogeneity and robustness tests, the results are consistent. In addition, the effect of financial inclusion on mitigating household vulnerability is more pronounced among agricultural households, low-income households and households with insufficient social capital. Further analysis suggests that increasing the ease and depth of access is key to improving the vulnerability of rural households. We, therefore, conclude that the comfort and depth of access to financial inclusion can be essential and practical measures to improve vulnerability and environmental quality in rural areas. Based on this, policymakers can consider increasing innovation in inclusive financial products and services in poor rural regions and directing more financial resources to rural areas through fiscal and monetary policy instruments. By doing so, we can realise the benefits of financial inclusion in improving household vulnerability while simultaneously improving environmental quality and achieving sustainable development goals.
6.2 Policy implications
The results of our study have important practical and policy implications. Firstly, government departments should use monetary and fiscal policy tools to guide rural financial institutions to increase lending to rural areas, thereby providing financial capital to improve vulnerability and environmental quality.
Secondly, rural financial institutions can use digital and intelligent empowerment tools to achieve innovation in differentiated and personalized products and services for household groups with different endowment characteristics. Through the above improvements, it is possible to increase the coverage and depth of use of credit in rural areas, lower the barriers to entry to the rural financial market and help rural households improve their resilience to development across the board.
In addition, the research in this paper confirms that the development of inclusive finance can reduce household vulnerability, improve environmental quality and achieve sustainable development. However, farmers’ environmental awareness and behavior play a crucial role in environmental quality, so it is essential to promote institutional innovation to achieve sustainable development by regulating and guiding farmers’ environmental behavior.
However, this study also has some significant limitations. Firstly, this paper mainly examines the impact of financial inclusion development on environmental quality and sustainability from the perspective of household economic vulnerability, lacking analysis and examination of the mechanisms of action. Future research could use econometric methods such as structural equation modelling or mediating effect modelling to reveal the complex relationships between the relevant factors. Second, many variables measure environmental quality and sustainability, and this paper only measures them in terms of vulnerability. Future research will analyse the relationship between finance and environmental quality and sustainability in a multidimensional manner when data are available. In addition, this paper only uses data from Shaanxi Province, China. Considering that the financial environment and economic behaviour of different regions and households may differ significantly, this leads to various changes in farmers’ environmental behavior. So the heterogeneous effects of inclusive financial development on different types of households in different regions need to be further studied.
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Social Capital Index Calculated according to factor analysis method 008 0049 0 0385
Ln Land operating area Log of actual operating area 1586 0.607 ~1609 4605
Ln Crop operating area Log of crop operating area 1394 0918 -1609 8389
Region variable Region variable = 1 if from Xunyi, = 0 if from Yangling 0554 0497 0 1

Notes: The social capital index is calculated as follows: This paper draws on relevant studies and selects three questions “whether there are friends and relatives who are village cadres,”
“whether there are friends and relatives who work in government departments” and “whether there are friends and relatives who work in banks” to represent the village social capital,
government relationship capital and bank relationship capital of houscholds, respectively. The above questions take the value of 1 if yes; otherwise, 0. Then we used factor analysis for the

F——

s, and each household’s comprehensive social capital index was calculated according to the factor score formula.
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Financial services evaluation score
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= number of family members with health insurance/total family size
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=1if the household buys agricultural insurance; 0 = otherwise

=1 if the houschold engages in one or more digital payments, internet lending, and internet
financial management behaviors; 0 = otherwise
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