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In the face of environmental deterioration and to improve human welfare, China’s Shaanxi provincial government has launched one of the largest disaster shelter and resettlement projects in history. In assessing the likely success of this project, it is important to measure the vulnerability and adaptation of rural households in areas where the population experiences ecological and livelihood vulnerability. Based on 657 rural questionnaires collected in southern Shaanxi relocation zones, this study explores four categories of relationship between vulnerability and adaptation based on two aspects of livelihood resilience, namely specific resilience and general resilience. A multinomial logistic regression model is employed to investigate the influence of disaster resettlement on these categories. The analysis finds that: (1) there is a connection between these categories and household livelihood strategies, and rural households are more likely to adopt non-agricultural strategy or livelihood diversification strategy; (2) the livelihood resilience of relocated households is significantly higher than that of non-relocated household, with specific resilience being the main reason for the difference; (3) participation in disaster resettlement, centralized resettlement, and high relocation subsidies are not conducive to belonging in the “low vulnerability–high adaptation” category, while voluntary relocation is conducive to being in this category. These results have significant ramifications for China and other developing national disaster resettlement programs. It is critical for resettled households to reduce livelihood vulnerability and improve adaptive capacity.
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1 INTRODUCTION
With the scale and frequency of natural disasters increasing globally, security and social development of citizens residing in impoverished areas of developing nations are facing significant challenges (United Nations Environment Programme, 2023). To mitigate natural disasters caused by environmental problems, improve ecosystems, and enhance people’s wellbeing, resettlement has become an option (Yang et al., 2020). Previous studies have focused on development-induced displacement and resettlement (DIDR) (Xu H. et al., 2022), but theoretical and empirical studies on disaster-induced resettlement are rather rare (Guo and Kapucu, 2017). Disaster resettlement is an option available for residents who can no longer remain in their original communities because of natural disasters (Xu J. et al., 2022). The complexity of potential settlers’ needs results in resettlement having multiple implications that may increase the likelihood of social risk and conflict (Shi et al., 2020). Around the world, many disaster-related resettlement projects have been implemented, such as the resettlement project after Hurricane Mitch in Honduras in 1998 (Jonas, 2019), the resettlement project after the floods in Pakistan in 2010 (Jamshed et al., 2019), and the disaster avoidance and migration relocation project in the southern part of Shaanxi Province in China in 2011 (Li et al., 2018). However, more investigation is needed regarding the context, impact, and scope of rebuilding livelihoods (Guo and Kapucu, 2018). Livelihood is a people-centered concept, representing not only a means of survival but also opportunities for improving lives (Sina et al., 2019a). Numerous studies have shown that disaster resettlement and livelihoods are somewhat dissociated at the rural household level. Moreover, Christoplos et al. (2001) have suggested that there is a significant tendency for rural household livelihoods to be neglected after resettlement. Maintaining the sustainability of households’ livelihoods is an urgent issue and is relevant to the economic and social success of disaster resettlement (Guo and Kapucu, 2018).
The concept of resilience has been debated, and it is interpreted in various ways. Current research on social-ecological system resilience is increasingly focused on livelihoods, namely livelihood resilience (Sun et al., 2023). Livelihood resilience has been proposed as part of the sustainable livelihood framework (Chambers and Conway, 1992) and refers to the capacity of individuals, social organizations, or social-ecological systems to respond to perturbations, as well as to deal with change and rebound from negative impacts (Speranza et al., 2014). Many scholars have attempted to explore livelihood resilience in different research contexts, such as natural disasters (Sina et al., 2019b; Yan et al., 2022), climate change (Fan et al., 2022; Li and Shi, 2023), and policy changes (Wang et al., 2024). Researchers have also analyzed the determinants of livelihood resilience in specific populations or regions, such as the Tibetan Plateau (Li et al., 2022), the Gannan Plateau (Zhao et al., 2021), rural residents in disaster areas (Zhou et al., 2021; Lu et al., 2022) and reservoir migrant households (Gong et al., 2020; Chen et al., 2023). The current literature deals mainly with how to establish livelihood resilience, a framework for analyzing livelihood resilience, and adaptive management responses to enhance livelihood resilience (Zhao et al., 2021; Wang and Zhao, 2023). The measurement of livelihood resilience is challenging, and consistent measurement methodologies and research paradigms have not yet been developed. For example, Tang et al. (2023) drew on the “Exposure-Sensitivity-Adaptation” framework to measure livelihood resilience. Wang and Zhao (2023) constructed a livelihood resilience assessment indicator based on three components, namely, absorptive capacity, adaptive capacity, and transformational capacity. Liu et al. (2020a) used three components of livelihood resilience—buffer capacity, self-organizing capacity, and learning capacity—to investigate livelihood resilience. Most previous studies used indicator measures, but livelihood resilience is dynamic, non-linear, and complex, and few studies have attempted to approach the livelihood resilience of households using the space-vector method from systems engineering (Liu and Li, 2017a; Li et al., 2020). The quantitative criteria and research paradigms for investigating livelihood resilience are still under debate. However, studying the development of rural areas and the sustainability of households’ livelihoods from the perspective of endowments and capacities possessed by the households, rather than from the perspective of livelihood capital may become a new approach.
Households’ capacities are formed during the interaction of their livelihood systems with externally induced disturbances. These capacities enable households to optimize their strategies with limited resource endowments when facing future environmental changes, so as to make their livelihood level better than or equal to its previous state, thus achieving sustainable development under the new environmental conditions (Speranza et al., 2014; Li et al., 2021). To describe the capacities that households possess, this paper follows previous literature in introducing livelihood resilience to describe households’ livelihood systems. Livelihood resilience, as a specific expression of resilience in livelihoods, represents a new approach to observing the sustainability of livelihoods of rural households in disaster resettlement areas (Folke et al., 2010). It is well known that resilience is the capacity of a system to keep its fundamental structure, function, and properties even after it has been subjected to shocks and perturbations (Tambo, 2016). The intensity of external disturbances and the threshold at which resilience is manifested have important implications for system dynamics. For households’ livelihood systems, an increase in livelihood resilience is not only conducive to the rapid recovery of their livelihoods, but also contributes to a fundamental increase in their ability to cope with risk (Li and Gao, 2019a). According to whether there is a specific type of impact or general unpredictability, resilience can be divided into specific resilience and general resilience (Folke et al., 2010). Resilience of specific parts of the system to cope with certain shocks through changes in the relevant control variables is called specific resilience, while general resilience is the system’s overall capacity to withstand a variety of unpredictable risks. The present study attempts to understand resilience from an income perspective, viewing it as the result of the interaction between rural household incomes and livelihood composition in the face of change, which correspond to the vulnerability and adaptive dimensions, respectively (Liu and Li, 2017b). Thus, by observing the extent of livelihood diversity of rural households, we can measure and characterize specific and general resilience, identify four categories of “vulnerability–adaptation”, compare the characteristics and resilience levels of rural households in different categories, and explore the impacts of disaster resettlement on the livelihoods of rural households in these different categories.
As mentioned above, relocation projects aim to alleviate the impacts of natural disasters resulting from environmental issues and enhancing livelihoods has become an important tool for poverty alleviation in developing countries (Rogers et al., 2019). However, disaster resettlement may lead to new dilemmas for livelihood development, so it is important to reduce rural households’ reliance on their livelihoods and increase their adaptation to environmental and social perturbations (Liu et al., 2020a). Despite the large amount of research carried out on livelihood vulnerability and adaptation, there has been little examination of the two dimensions of resilience, and little delineation of the above categories in the context of their spatial associations. This study analyzes the implications of disaster resettlement on “vulnerability–adaptation” categories in southern Shaanxi by measuring specific and general resilience. This is of theoretical significance to the study of vulnerability and adaptation of livelihoods at the household level. First, we draw on the sustainable livelihoods framework to propose the “vulnerability–adaptation” categorization of households; second, we suggest four categories of “vulnerability–adaptation” according to specific resilience and general resilience of households; and last, based on a comparative analysis of the characteristics of these categories and the resilience of households’ livelihoods, we use multi-category logistic regression to investigate the effects of disaster displacement and different relocation characteristics on the “vulnerability–adaptation” dimension of rural households. We aim to address the following two questions. (1) What are the levels of livelihood resilience and its different dimensions for rural households in disaster resettlement areas in southern Shaanxi, China? (2) How does the kind of disaster relocation affect the “vulnerability–adaptation” categories of rural households? By addressing these issues, we can contribute to policy formulation regarding the resilience of the livelihoods of rural households in disaster resettlement zones. The second part of the paper proposes a theoretical analytical framework, the third part is data and methods, the fourth part is the empirical analysis, the fifth part is the discussion, and the sixth is the conclusions.
2 CONCEPTUAL FRAMEWORK
Figure 1 shows an analytical framework for exploring the impact of disaster resettlement on the “vulnerability–adaptation” categories of rural households. Adapted from Li et al. (2020) and Liu et al. (2020a), it was originally known as the “Sustainable Livelihoods Framework” (Department for International Development, 1999). The framework shows the linkages between alterations in livelihood capital, livelihood resilience, and shifts in livelihood strategies. These interact in a complex manner, revealing not only the underlying causes of poverty, but also the constituents of sustainable livelihoods, providing a compelling approach for examining how relocation factors affect “vulnerability–adaptation” categories.
[image: Figure 1]FIGURE 1 | Analytical framework for “vulnerability–adaptation” categories.
We consider the vulnerability context and government support measures. The vulnerability of rural households in disaster resettlement areas has two components, livelihood vulnerability and ecological vulnerability (Liu et al., 2020a; Li et al., 2020). Government support measures are implemented via a series of policies, such as migrant relocation subsidies, infrastructure construction, tax exemptions, training programs, public services, social security, and employment support. Developments in the outside environment affect the building of rural households’ assets, livelihood resilience and choice of livelihood strategies, which play a fundamental part in our analytical framework.
Livelihood capital refers to the resources possessed by rural households. It is used to describe the ability of rural households to react to challenges when facing external shocks, and consists mainly of natural capital, physical capital, human capital, social capital, and financial capital (Samane et al., 2023). Livelihood diversity refers to the capacity of rural households to have multiple means of sustaining their livelihoods, including activities that produce income (Liu and Li, 2017a). Livelihood capital can increase rural households’ options by promoting the diversity of livelihoods. In turn, livelihood diversity can contribute to the accumulation and growth of livelihood capital, enabling rural households to more effectively adapt to changes in their external environment. The two are interconnected and serve as the foundation for rural households’ ability to maintain their livelihoods, while also affecting their resilience (Liu and Li, 2017b). The degree of livelihood diversification and the adequacy of livelihood capital have a direct impact on rural households’ resilience. According to Liu and Li (2017a), the two dimensions of livelihood resilience, namely specific resilience and general resilience, can correspond to the vulnerability and adaptability of rural households, respectively. We divide the relationship between the vulnerability and adaptation of rural households into four categories: high vulnerability–high adaptation, high vulnerability–low adaptation, low vulnerability–high adaptation, and low vulnerability–low adaptation. This classification of livelihood strategies provides an entry to the formulation of sustainable development policies.
Livelihood strategies are activities that aim to achieve livelihood objectives based on available assets, and include purely agricultural activity, non-agricultural activity, subsidy-dependence, and livelihood diversification type. Households adopting diversified and non-agricultural livelihood strategies not only broaden their income streams and reduce their livelihood vulnerability, but also have increased adaptive capacity and reduced dependence on natural resources compared to households that adopt purely agricultural and subsidy-dependent livelihood strategies (Liu et al., 2020a). Differences in the income received by households as well as policies, institutions, and the environment directly affect the selection of livelihood strategies and their sustainability (Shah et al., 2017).
Figure 1 depicts the framework of the “vulnerability–adaptation” categorization of rural households in the disaster resettlement context. It demonstrates how rural households can reconfigure their livelihood capital to improve livelihood resilience, construct new livelihood strategies, and thus optimize their livelihood strategy when faced with changes in outside conditions caused by disaster resettlement. In the following section, the framework is employed to demonstrate how disaster resettlement particularly affects the “vulnerability–adaptation” categories.
3 MATERIALS AND METHODS
3.1 Data sources
The data comes from a survey on the livelihoods of rural households in the Ankang area of southern Shaanxi province (Figure 2). Ankang prefecture is situated in a special hardship area in the Qinba Mountains, where the vulnerability of rural households to poverty is high, and the residents are in remote areas in the high mountains and areas prone to natural disasters. Ankang is an essential water source protection area for China’s South-to-North Water Diversion Project. It contains a number of prohibited and restricted development areas with key ecological functions and faces many difficulties and challenges in economic and social development (Liu et al., 2018). To address these issues, the local government launched the Ecological Migration Project in 2011, involving 226,000 households and 880,000 rural people in Ankang (Liu et al., 2020b). After the implementation of the project, poverty alleviation was significant, and living conditions of households were greatly improved. Thus, Ankang represents a typical example of how to decrease vulnerability, boost adaptation and improve human wellbeing.
[image: Figure 2]FIGURE 2 | Location of the study area.
The sample area for the field survey included three representative centralized resettlement neighborhoods in Ziyang County and eight administrative villages in four townships in Ningshan County and Hanbin District. The survey took the form of a structured questionnaire and semi-structured interviews and involved a random sample of residents who were at home on that day during the survey period. The survey was conducted with heads of households or spouses of heads of households or other permanent residents aged 18–65 years old. It included information on household demographics, livelihood capital, household livelihood activities, sources of income, and circumstances related to the households’ migration and relocation. The group undertook a series of quality control measures on the collected data. Through the questionnaire design, questionnaire recovery, data cleaning, data correction, data remediation and other work processes, a total of 657 valid questionnaires were recovered, a rate of 98.06%. Among them, 459 were for relocated households and 198 for non-relocated households.
3.2 “Vulnerability–adaptation” categories
Regarding the construction of livelihood resilience, we refer to Li et al. (2021) and Liu et al. (2024). Livelihood resilience can be expressed as the capacity of a rural household to withstand disruption and keep its basic structure and functions by engaging in a variety of livelihood activities. It includes both specific resilience and general resilience. Specific resilience refers to diversity levels, and its diversity index assesses vulnerability attributes. The greater the specific resilience of the rural household, the greater the number of income streams available and the lower the vulnerability of the household. General resilience refers to changes in income from livelihood diversification, while income level measures adaptation attributes. The greater the general resilience of the rural household, the more stable the level of income and the greater the adaptability of the rural household.
Following previous studies (Wang et al., 2017), we use a four-quadrant classification to categorize vulnerability–adaptation axes of specific resilience and general resilience, respectively. There are four “vulnerability–adaptation” categories (Figure 3): Category I: high vulnerability–high adaptation (H-H); Category II: high vulnerability–low adaptation (H-L); Category III: low vulnerability–high adaptation (L-H); Category IV: low vulnerability–low adaptation (L-L). Among these, the L-H is optimal, the H-H and L-L are sub-optimal, and the H-L is the worst.
[image: Figure 3]FIGURE 3 | Categories of “vulnerability–adaptation”.
3.3 Selection of influencing factors
Using the “vulnerability–adaptation” category as the dependent variable, relocation factors were chosen as independent variables, and variables covering both household and community levels were selected as control variables (Li et al., 2020). Multiple regression was used to find the key elements associated with the categories. The settings of the variables and descriptive statistics are in Table 1.
TABLE 1 | Descriptive statistics for the model variables.
[image: Table 1]Relocation factors included relocation nature, relocation type, and relocation subsidy. Of these, relocation nature included voluntary and involuntary relocation; 86.56% of the relocated households underwent voluntary relocation. Relocation type was divided into centralized resettlement and scattered resettlement; 76.42% of the relocated households underwent centralized resettlement. Relocation subsidy was classified as high or low; 62.97% of the relocated households received a high relocation subsidy.
Variables at both the household and community levels included area of arable land, area of forest land, average years of education, household size, dependence ratio, loans, experience, risk, belief, phone charges, and social support network (Liu et al., 2020b). More arable land area and forest land area owned indicates that the rural household can obtain more provisioning services from the ecosystem. Average years of education, household size, and dependence ratio are important factors affecting the income of rural households from livelihood activities and reflect to some extent the level of human capital of rural households. Larger household size indicates that the number of laborers in a rural household is likely to be higher, and the income generated is likely to be greater as a result. Higher household dependence ratios indicate a lower buffering capacity, making it difficult to accumulate savings for emergencies. The greater the credit capital, the larger the capacity of the household to withstand risk. The wealth of experience of rural households and the degree of exposure to natural disasters are important factors affecting their resilience to risk. Households with higher levels of belief in others, higher phone charges, and larger social support networks are more likely to receive external assistance in coping with emergencies and are thus better able to sustain their livelihoods.
3.4 Econometric model
A multinomial logistic model was employed to estimate the effects of relocation on the “vulnerability–adaptation” categories of rural households. The analysis consisted of two parts: first, we used the whole sample to investigate how relocation decision-making affected the category. We then used a sample of relocated households to investigate how various relocation factors affected the category. The calculation is as follows (Equation 1),
[image: image]
where Prob ([image: image] = j) is the dependent variable and denotes the probability that household [image: image] belongs to category [image: image]; [image: image] are the independent variables and control variables denoting the factors affecting the category; and [image: image] denotes the appropriate dimension of the model to be evaluated.
4 RESULTS
4.1 Comparison of livelihood strategies of rural households
Table 2 compares the livelihood strategies used by rural households that are in the various categories. Overall, the proportion of households adopting non-agricultural strategy was the largest, followed by livelihood diversification strategy and purely agricultural strategy, and the proportion of households relying entirely on government subsidies was the smallest at less than 10%.
TABLE 2 | Comparison of livelihood strategies of rural households.
[image: Table 2]The L-L category had the largest proportion of all pure agricultural households and livelihood diversification households; the H-H category had the largest proportion of all non-agricultural households; the H-L and L-L categories had the largest proportion of all subsidy-dependent households. H-L and L-H categories shared some similarities, with both having the largest share of non-agricultural households; however, for H-L, the share of purely agricultural households was the smallest, and for L-H, the share of subsidy-dependent households was the smallest.
These findings demonstrate that rural households’ dependency on traditional livelihoods as a livelihood strategy improved, with more non-agricultural or livelihood diversification households. In addition, there was a correlation between the different categories and livelihood strategies, with H-L households being less likely to be purely agricultural, whereas L-H were less likely to rely on government subsidies.
4.2 Comparison of types of rural households
Table 3 compares the numbers and percentages of different kinds of rural households according to relocation factors. Within the categories of relocated households, voluntary relocation, and centralized resettlement, the share of H-H households was the largest, while the share of L-H families was the smallest. This suggests that those strategies have a higher likelihood of becoming H-H. In comparison, a larger proportion of L-H households and the smallest proportion of H-H households were found to be non-relocated, involuntarily relocated, and scattered households. Furthermore, the share of H-L households was the largest and the share of both L-L and L-H households was the smallest among households with high relocation subsidies, indicating that high relocation subsidies are more likely to lead households to become H-L.
TABLE 3 | Comparison of types of rural households.
[image: Table 3]4.3 Comparison of rural households’ livelihood resilience
Table 4 compares the livelihood resilience and dimensions of resilience according to various relocation factors. Relocated households exhibited noticeably higher livelihood resilience than non-relocated households. This difference can be attributed to specific resilience, which was significantly higher in relocated than non-relocated households, whereas the two groups did not show a significant difference in general resilience. For voluntarily relocated households, livelihood resilience was significantly higher than that of involuntarily relocated households, and while it was also higher in terms of both specific resilience and general resilience, the difference was not significant. For centralized settled households, specific resilience was significantly higher than that of scattered settled households, while the general resilience was lower but not significantly; the difference in livelihood resilience between them was not significant. For high relocation subsidy households, livelihood resilience was lower than that of low relocation subsidy households, but not significantly, mainly because they did not show significant differences in specific resilience. For general resilience, high relocation subsidy households were significantly lower than low relocation subsidy households.
TABLE 4 | Comparison of rural households’ livelihood resilience.
[image: Table 4]For relocated, non-relocated, and all-farm households, the kernel density of livelihood resilience is shown in Figure 4. Figure 4A shows that the specific resilience of non-relocated households fluctuated little and peaked around resilience 0.4; in comparison, the kernel density curves of relocated households and all-farm households were flatter and had a distinctive multi-peak pattern, with sharp fluctuations in resilience. Figure 4B shows that the general resilience distributions of relocated households, non-relocated households, and all households exhibited small differences with very steep curves, indicating that the livelihood resilience fluctuations of all three groups were small and concentrated at a low mean value.
[image: Figure 4]FIGURE 4 | Estimated kernel density of household livelihood resilience (A). Specific resilience; (B). General resilience based on whether relocated: all (100%); relocate (69.86%); non-relocated (30.14%).
For voluntarily relocated households, involuntarily relocated households, and all relocated households, the distribution of livelihood resilience is shown in Figure 5. Figure 5A shows that the kernel densities for specific resilience of voluntarily relocated households and all relocated households were less different, with similar and steeper curves and a clear multi-peak pattern, indicating that there was less fluctuation in resilience and bifurcation in these two groups. Involuntarily relocated households peaked near the specific resilience of 0.4, and the density curves were also steeper, with less fluctuation in resilience within this group. Figure 5B shows that all three groups had steeper density curves with smaller fluctuations in general resilience, peaking near a resilience level of 0.1.
[image: Figure 5]FIGURE 5 | Estimated kernel density of household livelihood resilience (A). Specific resilience; (B). General resilience based on relocation nature: all (100%); voluntary (86.56%); involuntary (13.44%).
For centralized resettlement households, scattered resettlement households, and all relocated households, the kernel density of livelihood resilience is shown in Figure 6. Figure 6A shows that scattered resettlement households had greater specific resilience values than centralized resettlement households. Figure 6B shows that there was no apparent difference in general resilience between centralized resettlement households, scattered resettlement households, and all relocated households, with the kernel density curves all peaking around resilience 0.1.
[image: Figure 6]FIGURE 6 | Estimated kernel density of household livelihood resilience (A). Specific resilience; (B). General resilience based on relocation type: all (100%); central (76.42%); scatter (23.58%).
For high relocation subsidy households, low relocation subsidy households, and all relocation households, the density of livelihood resilience is shown in Figure 7. In Figure 7A, for specific resilience, there was a clear multi-peak pattern with polarization. The kernel density curves were shifted to the right with increasing levels of resilience, and the curves for all three groups were very steep, suggesting that the fluctuations in resilience were all small and concentrated at the mean value. Figure 7B shows that general resilience peaked around 0.1 for all three groups; the kernel density curve for low relocation subsidy households was relatively flat, with sharp fluctuations in resilience within the group, while the kernel density curve for high relocation subsidy households was the steepest, with a more centralized distribution of all relocation subsidy households, all of which showed smaller fluctuations in resilience.
[image: Figure 7]FIGURE 7 | Estimated kernel density of household livelihood resilience (A). Specific resilience; (B). General resilience based on relocation subsidy: all (100%); high subsidy (62.97%); low subsidy (37.03%).
4.4 Effects of relocation factors on “vulnerability–adaptation” categories
Table 5 shows the probabilities of the four “vulnerability–adaptation” categories as the dependent variable as a function of the factors influencing them in the regression analyses. Compared with H-L, model 1 shows that being L-H and L-L is significantly and negatively affected by relocation. Model 2 indicates that, in contrast to H-L, voluntary relocation significantly improves the realization of H-H. Model 3 demonstrates that centralized resettlement significantly reduces realization of L-H. In Models 2 and 3, household size is the main influencing factor. Model 4 shows that being H-H, L-H, and L-L is significantly negatively affected by high relocation subsidies when compared to H-L.
TABLE 5 | Effects of relocation factors on the “vulnerability-adaptation” categories.
[image: Table 5]It can be seen that relocation is, to some extent, an impediment to households becoming L-H and L-L. Relocated households are more likely to be H-H and H-L than non-relocated households. In terms of relocation factors, voluntarily relocated households are more likely to be H-H. Voluntarily relocated households have better expectations and are more prepared to make an effort to adjust to changes encountered with the relocation, so there is a higher degree of adaptation compared to involuntary relocation, which can occur due to ecological, engineering, and disaster mitigation. However, both voluntary and involuntary households can be exposed to external risk shocks, and their own vulnerability can be high as a result of the various types of risks that can be triggered by relocation. Additionally, centralized resettlement significantly reduces the chances of households achieving L-H. Housing has improved somewhat because of centralized resettlement, but the resettlement sites have kept some households away from the means of production and making income, and the cost of farming has increased. At the same time, some of the centralized resettlement sites have had difficulties with the construction of public facilities due to their geographical location, lack of funds, and other conditions. High relocation subsidies make it easier for households to become H-L. To a certain extent, high government relocation subsidies provide negative incentives for households to increase their dependence on government support activities and may inhibit their own initiative to lift themselves out of poverty, which in turn reduces their capacity for sustainable development and makes them more likely to fall into the H-L category.
5 DISCUSSION
Disaster resettlement can be an effective strategy for alleviating poverty and the impact of natural disasters. It may also reduce the vulnerability of livelihoods and increase the adaptation of rural households (Xu J. et al., 2022). We found that different “vulnerability–adaptation” categories can result from the different livelihood strategies that households have chosen. Specifically, the non-agricultural strategy accounts for the largest share among L-H rural households, followed by livelihood diversification, with subsidy-dependent strategy accounting for the smallest share. This suggests that engaging in non-agricultural activities contribute significantly to the realization of L-H for rural households, in line with the findings of Hoq et al. (2021), who argued that rural households with non-agricultural activities or diversified livelihoods are relatively less vulnerable and more resilient. However, Yang et al. (2021) disagreed, as they found that non-agricultural activities were the primary livelihood means for disaster resettlement households, but the vulnerability of households opting for these was much higher than those who chose other livelihood strategies. There are both good opportunities and challenges in optimizing livelihood strategies of rural households after resettlement. To achieve sustainable livelihoods and enhance the motivation of relocated households, the government must provide non-agricultural guidance, employment information, and follow-up support.
Our findings demonstrate that, in contrast to the H-L category, participation in disaster resettlement projects significantly hinders becoming L-H and L-L. That is, participation in disaster resettlement increases the vulnerability of rural households’ livelihoods and, to some extent, slows down their livelihood adaptation. This finding agrees with other research on how disaster resettlement affects rural households’ means of subsistence. Disaster relocation weakens the livelihood resilience of rural households, and migrants are exposed to greater livelihood risks after resettlement (Galarza-Villamar et al., 2018; Sina et al., 2019b). This is despite evidence that the quality of resettled households’ lives is significantly improved in terms of education levels, accessibility to land, housing conditions, employment and income levels (Reddy, 2016). However, the financial pressure and significant expenses of relocation can pose significant challenges and barriers to resettled households (Nguyen et al., 2015). They may also face the destruction of capital, such as reduction of cultivated or forested land and breakdown of social networks (Li et al., 2018; Liu et al., 2020b), resulting in a sharp decline in the household’s capacity to withstand external shocks. In addition, Laila et al. (2019) also found that poor households are more exposed to shocks because of their lower capacity to adapt to environmental change and limited livelihood resources. Despite this, participation in disaster resettlement can improve the livelihood resilience of rural households. In our study, disaster resettlement made it difficult for households to become L-L when they had a small family size, high telephone costs, and low credit possibilities. This contradicts the conclusions of Xu J. et al. (2022), who noted that the reduction in household livelihood capital after relocation decreased the households’ adaptive capacity, and that natural and financial assets were more strongly affected.
The effects of different relocation factors on “vulnerability–adaptation” categories varied. Compared to H-L, H-H was more likely to be achieved by voluntary households, while L-H was less likely to be achieved by centralized and high relocation subsidy households. Whether relocated voluntarily or not, rural households face greater social, economic, and physical health vulnerability after relocation (Hwang et al., 2011). However, government-led resettlement offsets the huge economic burden to some extent, and the voluntary nature of participation and policy support lead to more active adaptation by these migrant households to their new lives, and therefore their resilience to cope with shocks and perturbations is largely improved (Liu et al., 2020c). This is somewhat in line with the study by Rogers et al. (2019). Voluntary relocation improves the living environment and has a positive effect on human wellbeing. Also, for involuntarily resettled households, government compensation has improved their living conditions to a certain extent (Reddy, 2018). In addition, the living environment and public service facilities after the relocation of the centralized resettlement households tend to be improved, which facilitates the development of their livelihood activities and centralized management by the government (Li et al., 2019b). Theoretically, this could reduce the vulnerability and increase the adaptation of rural households. However, our study was not able to verify this, in line with the findings of Xu J. et al. (2022), who contended that centralized resettlement reduced the livelihood adaptive capacity of rural households, and that the problems of livelihood adaptation and reconstruction were not effectively addressed after resettlement. This may be because once the affected population is resettled in a centralized resettlement community, the government believes that the task is complete and does not provide follow-up support (Lo et al., 2016; Li et al., 2017). In addition, the relocation subsidy policy is a positive strategy to subsidize migrant households, which is very likely to assist them in escaping poverty. Furthermore, rural households’ decisions about relocation are significantly influenced by the subsidy amounts (Yin et al., 2016; Wu et al., 2020). While high government relocation subsidies provide households with opportunities for capital accumulation and development, they also increase dependence on government support, which is not conducive to becoming L-H. Previous research has also shown that excessive housing subsidies can cause recipients to continue to demand more subsidies (Deng, 2020). Therefore, the government should adjust the amount and duration of the relocation subsidy and improve the motivation of rural households to take the initiative to lift themselves out of poverty.
Our study has obvious limitations. First, we used cross-sectional data, which could not capture the dynamic process of data change over time. Longitudinal data are required for long-term follow-up to gain a deeper understanding of the evolving patterns of rural household categories. Second, the selection of variables was somewhat subjective. To better represent the diversity and context-specific demands of rural households, a wider range of socio-economic factors could be used in the variable selection process. Finally, the survey area for this study was the Ankang region in southern Shaanxi Province. There are numerous elements that affect rural household lifestyles, such as geographic features, resource endowment, education level, and these may differ greatly between regions, so our results may not be applicable in other areas. In order to obtain a more precise and thorough understanding, future research must overcome these limitations and make use of more extensive data and methodologies.
6 CONCLUSION
We have examined how disaster resettlement affects the “vulnerability–adaptation” axis and found the following: (1) Rural households are more likely to adopt non-agricultural strategy or livelihood diversification strategy, and there exists a relationship among households’ livelihood strategies and different vulnerability-adaptation categories. (2) Livelihood resilience is significantly higher among relocated households than non-relocated households, with specific resilience being the main reason for the difference. (3) Participation in disaster resettlement is a clear barrier to becoming L-H and L-L among households, with household size and access to credit being the main influencing factors. Further analysis of the data showed that voluntarily relocated households are more pro-active in responding to external changes and opportunities and are more likely to move towards H-H. To a certain extent, centralized resettlement has made it difficult for households to integrate and has given rise to a series of social conflicts, which have hindered progress to L-H. High government relocation subsidies provide financial security for households, but excessive funding increases their dependence on government subsidies, reduces their adaptability, increases their vulnerability, and is not conducive to becoming L-H.
How to make relocated households more adaptable and less vulnerable in terms of their means of subsistence, as well as how to further stimulate other kinds of households to achieve L-H, remain some of the issues facing disaster resettlement of rural households. Solving these problems requires support from the government, as rural households face double vulnerability in terms of ecology and livelihoods after relocation. First, the government should persist in offering the essential policy support and follow-up assistance measures, encompassing employment training, social security and healthcare. Also, it is vital to consider the long-term development requirements of relocated households. Secondly, relocated households should be guided to transition to non-agricultural livelihoods and diversified livelihoods so as to decrease their dependence on traditional agriculture. This is especially important for households with low literacy and occupational abilities. In addition, relocated households should be encouraged to engage in community events and decision-making procedures, promoting effective interaction with former residents and enhancing their sense of belonging. Psychological counselling services should be provided to relocated households that may have problems such as closure and rejection to help them better adjust to their new surroundings. More importantly, the government should formulate targeted support measures based on the production and living circumstances of households of different categories, to enhance the effectiveness of support and facilitate households becoming L-H.
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