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Livelihood status of rural households is the focus of disaster resettlement research. Influenced by various factors, rural households face multiple environmental and social pressures after relocation, and the study of livelihood resilience and vulnerability provides a new framework for research into the livelihoods of relocated households. There has been a call for more quantitative evidence about the links between livelihood resilience and livelihood vulnerability in the context of disaster resettlement. This study uses data from a sample of 657 individuals from the relocation area of Ankang prefecture in southern Shaanxi, China. The resilience of rural household livelihood systems is quantified in terms of two dimensions of general resilience and specific resilience using the spatial vector method from systems engineering. The IPCC framework was used to measure three dimensions of livelihood vulnerability: exposure, sensitivity, and adaptability, and a threshold regression model was applied to investigate the impacts of livelihood resilience on livelihood vulnerability. Results show that: (i) livelihood vulnerability of relocated households (−0.042) was significantly lower than that of local households (0.091), while relocated households in the process of livelihood reconstruction had a certain degree of vulnerability risk. (ii) there is a significant threshold effect of livelihood resilience on livelihood vulnerability of rural households. (iii) increasing livelihood resilience significantly reduced the degree of vulnerability of rural households, and the marginal effect of general resilience on livelihood vulnerability shows a decreasing trend. Specific resilience has a positive influence on livelihood vulnerability before it exceeds the threshold, but the effect disappears above the threshold of resilience. (iv) The threshold value of livelihood resilience of local households (0.5039) is generally lower than that of relocated households (0.6548), and relocation does improve the ability of rural households to resist uncertainty risks. It is necessary for local governments to formulate more targeted policies to reduce the livelihood vulnerability of rural households and thereby promote sustainable livelihood development.
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1 INTRODUCTION
Disaster resettlement is a tactic for alleviation of suffering for those who cannot reside in their original communities because of widespread hazards (Xu et al., 2022). Previous studies on disaster resettlement have mostly focused on climate-change-induced relocations such as floods (Kita, 2017), earthquakes (Bahadur, 2021) or tsunamis (Weerasena et al., 2018), or development-induced relocations such as the construction of dams and hydro power projects (Reddy, 2018; Mavhura, 2020). Although there has been considerable literature about the ecological (Chen and Tsai, 2021) and demographic (Lo and Wang, 2018) aspects of disaster resettlement, less is known about how to accomplish livelihood reconstruction in the case of disaster resettlement. Indeed, livelihood is a major challenge for resettlement projects and is a meaningful and necessary perspective for exploring the impacts of disaster-related resettlement. This article expands on previous research on disaster resettlement by studying the relationship between livelihood resilience and livelihood vulnerability at the household level in rural resettlement areas of China. The concepts of resilience and vulnerability are intertwined (Gallopín, 2006). However, they have often been used separately to analyze livelihood responses to perturbations (Eadie et al., 2020; Sunil et al., 2023), or to construct a framework including both, while still studying the impact of external changes separately (Nath et al., 2020; Tina et al., 2022). Importantly, the livelihood resilience and vulnerability of rural households have received less attention in the disaster resettlement context, especially in terms of analyzing the linkages between them. This paper focuses on the interactions between household livelihood resilience and livelihood vulnerability that might assist in local policymaking towards sustainable development.
The concept of resilience has its origins in ecological science as the ability of a system to maintain its original state when faced with change (Holling, 1973). Resilience has been a focus of study in many disciplines over recent decades (Walsh-Dilley et al., 2016). Much of this research has focused on natural sciences such as ecology and engineering (Brown, 2014), ignoring the political or social aspects (Quandt, 2018). In response to these neglects, livelihood is proposed as a new lens (Liu et al., 2020). Livelihood resilience is defined as the ability of an individual or household to cope with stresses or disturbances caused by environmental changes and to recover from their adverse impacts (Speranza et al., 2014). Empirical studies on this topic have found that the factors influencing livelihood resilience vary among regions in different geographical (Sun et al., 2023) and climatic contexts (Kumar et al., 2020), and in ecological settings (Rabiul and Greg, 2022). For example, coastal residents in Bangladesh have suffered severe damage to their livelihoods and assets due to cyclones (Salim et al., 2021). Prolonged drought has caused long-term damage to agricultural production in northern Ghana, severely reducing the resilience of livelihoods of local residents (Asante et al., 2021). These studies highlighted the critical role of social networks (Antonio et al., 2022), government documents (Daniel et al., 2019) and individual wellbeing (Dantje et al., 2019) in livelihood resilience assessment. Using synthetic evaluation (Liu et al., 2020), scenario simulation (Maksims and Francesco, 2021) and other methods to measure resilience, the study of resilience has shifted from temporal to spatial (Li et al., 2021a). This paper introduces the spatial vector approach of system dynamics to measure livelihood resilience, incorporating livelihood characteristics of rural households.
In the context of sustainable development, livelihood resilience is often connected to livelihood vulnerability. It is described as “the degree to which households are exposed to or unable to cope with natural, social, political, and economic pressures” (Zhang et al., 2022a). Vulnerability also has the meaning of “being open to harm or damage” (Taleb, 2014). Scholars have gradually turned to assessing livelihood vulnerability at the household level. Three main analytical frameworks have been proposed: (i) The Sustainable Livelihood Approach (SLA) proposed by the Department for International Development (DFID) in the United Kingdom, which explains the processes and mechanisms of livelihood vulnerability (Bhattacharjee and Behera, 2018). (ii) The exposure–sensitivity–adaptability analytical framework proposed by Polsky (Polsky et al., 2007) is used to assess the level of vulnerability. (ⅲ) A comprehensive livelihood vulnerability analysis framework developed by Reed to examine vulnerability to climate change (Reed et al., 2013). The “Exposure-Sensitivity-Adaptive Capacity” framework has been empirically tested in different regions and contexts such as India (Pankaj and Swades, 2022), Vietnam (Duc et al., 2022) and China (Huang et al., 2017; Zhang et al., 2018; Peng et al., 2018). For example, Reddy et al. built a multidimensional farmer distress index from a seven-dimensional study of risk exposure, adaptive capacity and sensitivity. It provides a reference for the sustainability and vulnerability of rural households’ livelihoods (Reddy et al., 2021). Here, we adopt this framework to quantify and calculate livelihood vulnerability.
We make the following two innovations: (i) we quantify and measure livelihood resilience based on the level of income of rural households and the type of livelihood activity rather than the traditional livelihood capital or the three major capabilities. At the same time, the spatial vector method in system dynamics is introduced into the calculation of livelihood resilience, which enriches the livelihood research methodology. (ii) We link livelihood resilience to livelihood vulnerability and explore the relationship between the two using a threshold regression approach in the hope that new contributions can be made. We first present the relevant concepts and then describe our data and methodology. We calculate livelihood resilience and livelihood vulnerability separately and explore the relationship between the two using a threshold regression model to find the threshold of resilience. Finally, we discuss our findings and summarize our conclusions.
2 DATA AND METHODS
2.1 Data source
The data for this article were obtained from a special survey on household livelihoods conducted in Ankang prefecture, southern Shaanxi, China (Figure 1). Our data came from the rural household survey conducted by the research group of the Population and Development Institute of Xi’an Jiaotong University in Ankang in 2015. The investigators were teachers, graduate students, and undergraduates from Xi’an Jiaotong University, Northwest University, and Xi’an University of Finance and Economics. Ankang is in southern Shaanxi, China, the hin-terland of the Qinling Mountains in the upper reaches of the Han River, and has always been a disaster-prone area. Disaster prevention and mitigation has been a priority for the local government. In 2011, the government of Shaanxi province launched a disaster resettlement program (Liu et al., 2020; Liu et al., 2022), whose aim was to help rural poor people in remote areas to re-locate to new settlement communities. Since the plan began, Ankang prefecture has moved 267,300 households, or 937,800 people, accounting for 39.7% of the total number of people moved in the province (Liu et al., 2020b). The plan faces great difficulties in local economic and social development as a disaster-prone, poverty-ridden, and ecologically important area. The present survey adopted convenience sampling for some administrative villages or resettlement communities, and randomly selected household members between the ages of 18 and 65 for interviews or other permanent residents who met the age requirement. Based on the representativeness and feasibility of sample selection, we conducted research in Ziyang County, Hanbin District, and Ningshan County. Considering ecological conditions, transportation availability, and types of migrant resettlement in the surveyed areas, three typical centralized resettlement communities were first selected in Ziyang county. Eight administrative villages in four towns in other two places where ecological compensation projects, such as returning farmland to forests, were implemented were also included in the sample frame. The contents of the survey included demographic characteristics, consumption behavior of rural households, and information related to relocation. A total of 657 valid questionnaires were obtained, of which 69.7% were from relocated households and 30.3% were from local households.
[image: Figure 1]FIGURE 1 | Location of the study area (Liu et al., 2020).
2.2 Selection of variables
2.2.1 Livelihood resilience
Livelihood resilience is the ability of rural households to withstand disturbances and recover from adverse outcomes through a combination of livelihood activities. Specific resilience entails coping with a specific disturbance, while general resilience involves coping with different types of disturbances and shocks. Drawing on the spatial vector method proposed by Li et al. (2021a), the livelihood resilience of rural households was measured according to two dimensions: general resilience and specific resilience, based on the livelihood activities of rural households. The specific measurement steps are as follows:
(1) To simplify the livelihood system of rural households by observing livelihood activities, a quantitative model of rural households’ livelihood level, R, can be characterized by the following relational expressions:
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Where K is a classification standard for livelihood activities, meaning rural household income; N is the number of all livelihood activities of rural households. A is a classified collection of livelihood activities; S is the number of livelihood activities engaged in by a rural household; AS is a set of livelihood activities for a rural household, which is a subset of set A; Mi is the ith livelihood activity, namely the ith income source for the rural household (1 ≤ i ≤ S), When S = N, the set AS of a rural household engaged in livelihood activities is the full set A. The level of livelihood diversification of rural households can be expressed as (N, S, A). According to the reality of the livelihood activities of rural households in the study area, the livelihood activities of rural households include agricultural and forestry activities, breeding activities, working activities and non-agricultural business activities including agri-tourism and transportation. Then the following formula can be obtained:
[image: image]
A = {Agriculture and forestry activities, breeding activities, working activities, non-agricultural business activities}, S = N.
AS ⊆ A, S ≤ 4, and have [image: image] sets of AS
(2) Universal resilience measure, Fa. Using the level of livelihood diversity (N, S, A) as a reference system to describe the stability of income, the ratio of the rural household’s income to the maximum income value in the corresponding set AS is estimated, and when this ratio is small it indicates that the rural household’s income is less stable, and for a rural household with a level of livelihood diversity (N, S, A) and a total income of M, there exists a maximum income MA in set A. The formula for the general elasticity of this rural household is:
[image: image]
(3) Specific resilience measure, Fv. The rural household is engaged in N classifications under the set of AS livelihood activities containing S classifications {M1, M2, … , MS }, the ith livelihood activity income is mi (i = 1, 2, … , S) and the total is M. The probability of having any yuan income belonging to Ai (i = 1, 2, … , S) is Pi, thus Pi = mi/M with ΣPi = 1. Using the Shannon-Wiener calculation, the livelihood diversity index of this rural household was:
[image: image]
For the livelihood diversity index [image: image] corresponding to a rural household’s livelihood diversity level (N, S, A), the maximum value is lnS, and the value of specific resilience [image: image] is calculated as:
[image: image]
Greater specific resilience indicates that rural households have multiple sources of income and that income is more evenly distributed, and when external shocks lead to a severe reduction of a certain income, they do not cause large fluctuations in rural household income and consumption levels, and the rural household livelihood system is able to operate stably. Referring to the common practice of system prediction and decision making, universal and specific resilience were defined as vectors (Figure 2), the angle of the vectors was calculated by cosine similarity, and the livelihood resilience of the rural households was estimated based on the cosine theorem. Measure the magnitude of α value using Eqs. (1) and (3) is:
[image: image]
[image: Figure 2]FIGURE 2 | Measurement of livelihood resilience.
Cos α is determined with the help of Pearson’s correlation coefficient, which eliminates the effect of magnitude and allows for a more accurate measurement of the relationship between the variables and is calculated as follows:
[image: image]
According to the law of cosine, the rural household’s livelihood resilience is calculated.
2.2.2 Livelihood vulnerability
Following the “exposure-sensitivity-adaptability” analysis framework of the IPCC, we constructed a livelihood vulnerability evaluation index system of rural households (Table 1). Since the individual indicators are expressed in different units, we used deviation normalization to avoid problems. By means of standardized data processing, the resulting values are within (0–1). The following can be used as a suitable equation:
[image: image]
where xij represents the initial value of the households’ indicator; xjmin is the minimum of each indicator; and xjmax is maximum of each indicator.
TABLE 1 | Data for the index of livelihood vulnerability.
[image: Table 1]Then, we extracted the main factors determining livelihood vulnerability through principal component analysis (PCA). A total of 22 variables were subjected to principal component analysis, from which 8 principal components were identified. Using the results of principal component analysis, a formula for calculating the livelihood vulnerability index of rural households can be constructed by using the variance contribution of each principal component as the weight by which to multiply the score value of the principal component.
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where LVI represents the score of the rural household’s livelihood vulnerability; Fi is the score of the ith principal component; Wi is the weight of the ith principal component, namely, the contribution of this principal component to the overall variance; the matrix of principal component score coefficients and the original normalized values of each indicator can be calculated for i = 1, 2, … , 8. The specific formula for livelihood vulnerability constructed here from our data is:
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2.2.3 Control variables
Since human capital, natural capital, social capital, and financial capital are important factors of production that sustain the livelihood activities of rural households, they were included in the regression model. Human capital is measured by the proportion of the non-working population to total household size, labeled “non-labor ratio” (Liu et al., 2021; Xu et al., 2019), which reflects the ability of the rural household to support the non-working population. The variable “loan” is used to measure financial capital (Javed and Bill, 2022), and indicates the likelihood of obtaining loans, which determines the buffering capacity of the rural household to cope with external shocks and disturbances. Social capital is the social network (Wei et al., 2021), reciprocal norms and trust that rural households form in the process of interacting with other social agents, and is represented by “phone charge”. Natural capital refers to the natural resources owned by the rural household (Quandt and Neufeldt, 2019) that are used to produce products or provide other resource flows and services to the rural household, and is measured by “land area”. Table 2 shows the corresponding variable settings and descriptive statistics.
TABLE 2 | Variables and descriptive statistics.
[image: Table 2]2.3 Model construction
Empirical experience and related studies suggest that the relationship between livelihood resilience and livelihood vulnerability of rural households may be nonlinear (Usamah et al., 2014), and therefore the analysis was conducted using a threshold regression model. The phenomenon when one economic parameter reaches a specific value and causes a sudden shift in another economic parameter to another form of development (structural mutation) is called the “threshold effect”, and the threshold value as the cause of the phenomenon is also called the “threshold value”. The model is constructed as follows:
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where [image: image] is the dependent variable, namely, livelihood vulnerability, “Non-labor ratioi”, “Loani”, “Phone chargei, and “Land areai” are control variables, i = 1, 2, 3, ... denotes the ith rural household, [image: image] is livelihood resilience, [image: image] is the output coefficient of each factor of production, [image: image] and [image: image] are the coefficients of the independent variables before and after the thresholds, [image: image] is an indicator function, [image: image] is the threshold value, [image: image] is a random interference term. Threshold variables can be both exogenous and explanatory variables in the model, and in this study the threshold variable was livelihood resilience. If we consider further the effect of generalized resilience and specific resilience on the livelihood vulnerability of farmers, the model used is:
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where [image: image] and [image: image] are the independent variables for general and specific resilience.
3 RESULTS
3.1 Descriptive statistics of livelihood resilience
3.1.1 Differences in livelihood resilience across rural households
Using relocation status as a classification criterion, Table 2 shows the differences in livelihood vulnerability of different farmers. We see that the livelihood vulnerability of relocated households (−0.042) was significantly lower than local (0.091), while the livelihood resilience of relocated households was slightly higher than that of local households. This suggests that as a positive intervention to deal with the cycle of poverty, migration policies to reduce disasters have led to increased levels of livelihood resilience and have significantly reduced the vulnerability of relocated households. Thus, for relocated households whose production and living environment have been greatly transformed, the ability to withstand risks is enhanced after they go through the complicated economic recovery and reconstruction processes in the relocated areas.
3.1.2 Number of different livelihood activities and livelihood resilience
Rural households’ livelihood strategies are dynamic in nature and change with the interaction between their own livelihood capital and external environmental conditions, showing gradual development from mainly agricultural to diversified livelihood strategies including labor and non-farm business. Table 3 exhibits the association between livelihood resilience and the number of livelihood activities and shows that as the number of rural households’ livelihood activities increased, general resilience showed an increasing trend, and both specific resilience and livelihood resilience showed a decreasing trend.
TABLE 3 | Relationship between Livelihood Resilience and the number of Livelihood Activities.
[image: Table 3]3.1.3 Fitted graph of livelihood resilience and livelihood vulnerability
To show the relationship between livelihood resilience and livelihood vulnerability of rural households, we use first-order fitting graph analysis, second-order fitting graph analysis and kernel density regression fitting graph analysis. The results of these graphical analyses are shown in Figure 3.
[image: Figure 3]FIGURE 3 | Graphical fitting of livelihood resilience and vulnerability.
Livelihood resilience shows an overall downward effect on the livelihood vulnerability of all samples. The kernel density regression fitting results show that the marginal effect of livelihood resilience on livelihood vulnerability fluctuates to some extent after a critical value is reached, and the magnitudes of the critical value and marginal effect need to be further estimated by regression models.
3.2 Threshold effect test for livelihood resilience
We test whether the livelihood resilience of relocated households, local households and all rural households have threshold effects on livelihood vulnerability. The results of the test for all rural households are shown in Figure 4.
[image: Figure 4]FIGURE 4 | Threshold effect test and confidence interval estimation of resilience of households.
When both the threshold variable and the explanatory variable are livelihood resilience, the LM estimate is 15.74 and the p-value is 0.0098, rejecting the original hypothesis that there is no threshold effect. That is, there is a threshold effect of all rural households’ livelihood resilience on livelihood vulnerability, and the preliminary estimate of the threshold value is 0.3818 with estimated 95% confidence interval is [0.3225, 1.0583]. Due to space limitation, the threshold test details of relocated and non-relocated households is not listed.
The threshold effect test and confidence interval of different sample rural households are obtained by taking the livelihood resilience of rural households as the threshold variable and livelihood resilience, general resilience and specific resilience as independent variables. The results are shown in Table 4. The livelihood resilience of relocated households, local households and all households have a threshold effect on livelihood vulnerability. For the same explanatory variables, the thresholds for livelihood resilience were higher for relocated households than for local households, and the thresholds for general resilience and specific resilience were lower than for local households.
TABLE 4 | Threshold effects and confidence interval.
[image: Table 4]3.3 Impact of livelihood resilience on livelihood vulnerability
3.3.1 Results
Table 5 describes the results of livelihood resilience on rural households’ livelihood vulnerability for different samples. Livelihood resilience, general resilience and specific resilience are included in the regression model as explanatory variables. Model 1-Model 3, Model 4-Model 6 and Model 7-Model 9 refer to the regression results of relocated households, local households and all rural households, respectively.
TABLE 5 | Impact of livelihood resilience on livelihood vulnerability.
[image: Table 5]Model 1. shows a negative effect on livelihood vulnerability until the livelihood resilience of relocated households reaches the threshold and remains significant at the 5% level of significance after crossing the threshold of 0.6548. Model 2 shows that when livelihood resilience crosses the threshold value of 0.4458, the marginal effect of universal resilience on livelihood vulnerability changes from 0.641 to 0.180. Model 3 shows that specific resilience has a significant positive contribution on livelihood vulnerability before livelihood resilience reaches a threshold of 0.3783. When livelihood resilience crosses the threshold of 0.3783, specific resilience has a negative but not notable impact of relocated households.
Model 4. shows a positive effect on livelihood vulnerability until local household livelihood resilience reaches a threshold value of 0.5039, and a non-significant effect on livelihood vulnerability after crossing this threshold. Model 5 shows that the marginal effect of universal resilience on livelihood vulnerability changes from 0.850 to 0.295 when livelihood resilience crosses the threshold of 0.5292. Model 6 shows that specific resilience has a negative contribution before crossing the threshold of 0.5055, but after crossing the threshold, it has a significant positive impact. Model 7 shows a positive effect on livelihood vulnerability until livelihood resilience of all rural households reaches the threshold, and a negative effect after crossing the threshold of 0.3818, but the effect is no-significant. Model 8 shows that universal resilience has a positive effect on livelihood vulnerability. Model 9 shows that after livelihood resilience reaches the threshold of 0.3818, specific resilience has a significant negative impact, although previously it had an insignificant effect.
3.3.2 Robustness tests
The results of robustness tests for the relocated households are shown in Table 6.
TABLE 6 | Results of robustness tests of relocated households.
[image: Table 6]Robustness tests usually examine whether the evaluation methods and variables are relatively stable and consistent in their interpretation when certain parameters of the model are changed. The above threshold regression for rural households’ livelihood resilience and livelihood vulnerability may have endogenous problems due to the cross-sectional data used. It is therefore necessary to check whether the regression results are robust by controlling some variables. Large-scale relocation in Shaanxi Province began in 2011. Besides disaster reduction relocation, there is also a small amount of synchronous relocation, and the resettlement methods fall mainly into two types: centralized relocation and decentralized relocation, which may affect the estimated results. The regression models that introduce the type of relocation and resettlement method as control variables for relocated households are model 10-model 12 and model 13-model 15, respectively. Overall, the test results for the main indicators when controlling for different variables are similar to the regression results of models 1-3, the threshold values of livelihood resilience are the same, the marginal effect of each indicator fluctuates slightly but the action trend is consistent, which indicates that the regression results are robust.
4 DISCUSSION
Disaster resettlement provides an opportunity to explore environmental and climate-related issues in a rapidly changing global context (Xu et al., 2022). It has many objectives including reducing livelihood vulnerability and improving and enhancing livelihood resilience and adaptation. We have explored household livelihood resilience in the case of disaster resettlement. The results show that livelihood resilience, general resilience and specific resilience of relocated households are slightly higher than those of local (non-relocated) households. This indicates that the relevant coping not only improves rural households’ living environment and increases their income, but also enhances their adaptive capacity (Justin and Brooke, 2020; Patrick et al., 2022). With an increase in the number of livelihood activities, the livelihood resilience and specific resilience show a decreasing trend and general resilience shows an increasing trend. A quantitative estimation of the vulnerability in the livelihood system of rural households suggests that although the livelihood vulnerability of relocated households is significantly lower than that of local households, there remains a certain degree of vulnerability risk.
In terms of the relationship of livelihood resilience on livelihood vulnerability, there is a significant threshold effect: for relocation households, livelihood resilience has a significant negative impact on livelihood vulnerability, which decreases as livelihood resilience increases. Some studies have shown that participation in relocation increases the wellbeing of rural households and significantly reduces their vulnerability. In addition, the marginal effect of general resilience is to decrease livelihood vulnerability. This is consistent with previous studies (Li et al., 2021b; Zhang et al., 2022b). In general, low income from agriculture forces farmers to increase indebtedness and therefore destroys the farmers’ livelihood resilience (Reddy et al., 2020). However, as relocated rural households are subject to various policy subsidies as well as welfare preferences (Morris et al., 2009; Li and Zander, 2020), their overall income level increases significantly. This has solved the double dilemma of eco-environmental protection and social and economic development to a certain extent. Although the disaster resettlement policy has increased the overall income level of rural households in the research area by 1,815.52 yuan, which significantly reduced their vulnerability at the income level (Liu et al., 2023), the welfare effect brought by the policy will gradually decrease with the continuous development of relocation (Sina et al., 2019). It is not advisable to rely solely on government subsidies to reduce the vulnerability of farmers. For the same explanatory variables, the threshold value of livelihood resilience of relocated households is slightly higher than local households, and the threshold value of general resilience and specific resilience is slightly lower than that for local households. According to Folke (Folke, 2006), the threshold value of livelihood resilience reflects the maximum disturbance that a livelihood system in a stable state can withstand while maintaining basic structure and function. The slightly higher threshold value further indicates that with the gradual implementation of the relocation project, the efficiency of targeting and the effectiveness of identification of the project as well as the effectiveness of the policy have been improved. Relocation improves the ability of rural households to cope with external changes and risks.
Disaster resettlement is a long-term process for rural households to restore and rebuild livelihoods; therefore, it will take some time for the relocation to enter the final stage of development and integration (Guo and naim, 2018). The specific livelihood resilience in Model 3 and Model 6 is linked to the livelihood diversity of rural households, and livelihood diversification before reaching a critical value instead increases the possibility that rural households will fall into a vulnerability trap, which indicates that diversified livelihoods have certain limitations (Peng et al., 2022). Combined with the results in Table 3, in the early stage of relocation, single livelihood activities of rural households are transformed into diversified livelihoods, which leads to a chance of livelihood transformation (Chidozie and Chang-Richards, 2022). The diversified orientation of livelihood activities ignores the reproduction dilemma of rural households and takes capital for industrial development from the scarce resources, which entails livelihood risks. In addition, our interviews show that many rural households try to generate income by growing tea and raising livestock. However, such production activities not only occupy limited human resources and family funds, but also have certain requirements on planting and breeding technology, so the income is not satisfactory. After introducing the relocation type and relocation reason as control variables into the regression model of relocated households, we find that when different variables are controlled, indicators, threshold values, and significances are consistent with those before, indicating that the regression result is robust.
This article has clear limitations. First, using cross-sectional data only offers a “snapshot” of livelihood features. Moreover, this survey only covered Ankang City in southern Shaanxi, while the Shaanxi Disaster Prevention and Resettlement Project also covered parts of northern Shaanxi and Guanzhong. Thus, the general significance of the research results is limited. Persistent changes in the livelihood resilience and vulnerability of relocated were difficult to observe. At the same time, although several developed frameworks and indicators have been adopted to assess vulnerability, indicators may still not all-inclusive. Also, the differences between households surveyed in different regions may affect their participation and create bias in assessing the variables of interest. The threshold regression analysis method used in this paper is limited by the survey data and relevant indicators. Therefore, there is potential for further improvement of the methodology used in this study. Third, although the survey was conducted in rural areas of China, the results of the survey are not representative of the situation in all rural areas. This is because rural areas vary greatly, with different levels of development and characteristics in different regions. Therefore, these differences and specific contexts need to be taken into account when applying the results of the survey to less developed areas.
5 CONCLUSION
This paper analyzes the impact of livelihood resilience on livelihood vulnerability of rural households in Ankang, Southern Shaanxi, China. There was a significant threshold effect of livelihood resilience on the livelihood vulnerability of rural households. Compared with local households, the livelihood vulnerability of relocated (−0.042) was significantly lower than local households (0.091), an increase in livelihood resilience significantly reduced the livelihood vulnerability of rural households, and the effect of general resilience on livelihood vulnerability showed a decreasing marginal effect. Before the specific resilience exceeds the threshold, it has a positive effect on livelihood vulnerability, but this effect disappears when the resilience exceeds the threshold. This indicates that relocation can significantly reduce the livelihood vulnerability of households in disaster-prone areas.
Resilience and vulnerability are both currently hot topics in the global development, and this study offers specific information concerning the linkages between resilience and vulnerability in resettlement settings. Based on the findings of the study, we suggest that attention should be paid to the role of resilience in the livelihood status of rural households, while the link between livelihood resilience and vulnerability should be utilized to formulate follow-up support policies. Consequently, the rural households in China could have improved livelihood resilience through a number of measures to reduce their vulnerability including strengthening the skills training policies, helping rural households engage in non-farm employment, promoting industrial integration in rural resettlement areas and enhancing their practical learning capacity to promote sustainable livelihoods.
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