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Abstract

:

The intensification of global climate change leads to frequent mountain torrents, landslides, debris flows and other disasters, which seriously threaten the safety of residents’ lives and property. However, few studies have compared and analyzed the livelihood vulnerability and adaptation strategies of farmers in different disaster-threatened areas under the background of climate change. Based on survey data of 327 households in the areas threatened by mountain floods, landslides and debris flow in Sichuan Province, this study analyzed the characteristics of livelihood vulnerability and adaptation strategies of households in the areas threatened by different disaster types and constructed multinomial logistic regression models to explore their correlations. The findings show that: (1) The livelihood vulnerability indices of farmers in different hazard types showed different characteristics. Among them, the livelihood vulnerability index of farmers in landslide-threatened zones is the highest, followed by the livelihood vulnerability index of farmers in debris-flow-threatened zones, and finally the livelihood vulnerability index of farmers in flash flood threat zones. At the same time, all three natural hazards show a trend of higher vulnerability in the sensitivity dimension than in the exposure and livelihood resilience dimensions. (2) The nonfarming livelihood strategy is the main livelihood strategy for farmers in different disaster-type-threatened areas. At the same time, the vulnerability of farmers choosing the nonfarming livelihood strategy is much higher than that of farmers choosing the part-time livelihood strategy and pure farming livelihood strategy, and the vulnerability of sensitivity dimension is higher than that of the exposure dimension and livelihood resilience dimension. (3) For farmers in landslide- and debris-flow-threatened areas, livelihood resilience is an important factor affecting their livelihood strategy. There was a positive correlation between livelihood resilience and farmers’ choice of pure agricultural livelihood strategies in these two natural-disaster-threatened areas. This study deepens our understanding of the characteristics and relationships of farmers’ livelihood vulnerability and adaptation strategies under different disaster types in the context of climate change, and then provides the reference basis for the formulation of livelihood-adaptive capacity promotion-related policy.
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1. Introduction


Due to climate change, the frequency and severity of extreme weather events are expected to increase globally [1]. At the same time, the occurrence of rainstorm, flood and various geological disasters will also increase [2]. According to the report “Human Losses from Disasters 2000–2019” released by the UNDRR in October 2020, the number of natural disasters around the world soared from 3656 to 6681 in 2000–2019, and the affected population increased from 3.2 billion to 3.9 billion. Among them, extreme rainfall, due to its short duration and high intensity, easily leads to lead to flash floods, landslides and debris flows, causing huge casualties and property losses [3,4,5]. According to statistics, in the 21st century, the global economic losses caused by mountain torrents alone have reached USD 46 billion every year [6]. Meanwhile, according to the data of China Climate Bulletin, in 2020 alone, China’s meteorological disasters will cause 19.6 million hectares of crop damage and direct economic losses of up to USD 52.89 billion. Among them, Sichuan Province, located in the hinterland of southwest China, has become one of the regions most affected by meteorological disasters in China because of its unique geographical conditions. According to statistics, from 2010 to 2019, the frequency of the occurance of flood and geological disasters caused by heavy rain events in Sichuan mountains is about 74.90% [7]. The disaster area caused by natural disasters such as flood and geological disasters is as high as 3195.9 thousand hectares, the number of people affected is 179.603 million, and the direct economic loss is USD 46.20 billion [8]. Natural disasters caused by climate change have seriously affected the sustainability of residents’ livelihoods [9,10,11,12,13,14,15], there is an urgent need to strengthen the research on livelihood vulnerability and livelihood adaptation of residents in natural disaster threatened areas [16].



The article is structured as follows: after the introduction, the second part mainly analyzes the theoretical background of livelihood vulnerability and livelihood strategies, and in the third part, by explaining the analytical framework of the IPCC vulnerability assessment, the corresponding three research hypotheses are proposed through theoretical analysis. The fourth section describes the data and methods used in this study. The fifth part presents the results using descriptive statistical analysis. The sixth part interprets the results of the study by combining them with other academic studies to test the hypotheses. The seventh part presents the corresponding policy recommendations in the context of the findings of the study.




2. Theoretical Background


In order to deal with climate change, the world set up the Intergovernmental Panel on Climate Change (IPCC), which is specialized in the research of climate change and its adaptation. Among them, as vulnerability and adaptation are keys in the cycle of disaster coping and disaster-risk reduction for residents now and in the future [17], more and more studies have begun to focus on the livelihood vulnerability of farmers and their livelihood adaptation strategies under the background of climate change [18,19,20]. Vulnerability refers to the extent to which a system or system components are unable to cope with adverse environmental impacts such as climate change or natural disasters [21], including the three components of exposure, sensitivity and adaptability [22]. It is noted that although there is a long history of vulnerability research in the academic world, there is no uniform measurement method. For example, some studies measure ecosystem vulnerability through species diversity [23,24,25], some studies measure poverty vulnerability through external shocks and internal treatment [26,27,28], some studies measure agricultural vulnerability through crop yield, agricultural profitability and regional economic development [29,30,31], some studies measure resource vulnerability through energy intensity, energy import and energy consumption [32,33]. Although the index systems of various vulnerability assessments are not the same, the assessment methods mostly adopt the method proposed by Adger in 2005, which divides vulnerability into three dimensions of exposure, sensitivity and adaptability. Livelihood vulnerability is taken as a function of exposure and adaptability and is combined with the sensitivity measure of vulnerability [34,35]. Livelihood vulnerability is used to understand the impact of demographic, social and physical factors on vulnerability to climate change and to provide governments with the required vulnerability information [36]. The Livelihood Vulnerability Index is a composite index of all major indicators of livelihood vulnerability [37]. As research has progressed, the IPCC vulnerability-assessment framework has become the primary tool for such research [38]. In addition, it is noted that in recent years, academic research on vulnerability has focused on vulnerability assessment regarding a single type of disaster [35,36,39,40] for example, floods [41], droughts [42], earthquakes [43], or extreme weather changes [44,45,46], and relatively few studies have been conducted on the differences and comparisons between the vulnerability of farmers in different natural-disaster-threatened areas, and relevant research is urgently needed.



In the face of more frequent and serious threats from global climate events, adopting appropriate livelihood strategies is an effective means to improve resilience [47,48,49]. Livelihood strategies refer to the activities and choices people make to achieve their livelihood goals, including production activities, investment strategies, and reproduction choices [50], especially strengthening the territorial and social responsibility of farmers [51], which can help farmers to proactively cope with disasters and reduce disaster risks [52]. However, according to existing research, in the studies on the driving mechanisms of livelihood strategy selection, scholars mostly pay attention to the correlation between livelihood capital and livelihood strategy of farmers [53,54], and the impact of livelihood risk on livelihood strategy [55,56]. Livelihood strategies are key determinants of livelihood vulnerability [57,58], but few studies have focused on the relationship between farmers’ livelihood vulnerability and choice of livelihood strategies in areas threatened by different types of natural disasters in the context of climate change. Therefore, research on livelihood strategy from the perspective of vulnerability needs to be further explored.



Based on the background that relatively few studies have made cross-sectional comparisons of different hazards from the perspective of farmers, and relatively few studies have explored the choice of livelihood strategies from the perspective of livelihood vulnerability, this study uses survey data from 327 households in natural-hazard-threatened areas of landslide, debris flow and flood in Sichuan Province, China, integrates the IPCC vulnerability-assessment framework, compares the differences between farmers under the impact of different natural hazards by calculating the livelihood vulnerability index, and constructs an econometric model to explore the relationship between farmers’ livelihood vulnerability and their choice of livelihood strategies in different natural-hazard-threatened areas. This study aims to investigate the following two problems:




	(1)

	
What are the characteristics and differences of household livelihood vulnerability and livelihood strategy choice in different natural-disaster-threatened areas (landslide, debris flow and flood)?




	(2)

	
What is the correlation between household livelihood vulnerability and livelihood strategy choice in different natural-disaster-threatened areas (landslide, debris flow and flood)?










3. Theoretical Analysis and Research Hypothesis


In order to answer the above research questions, this paper analyzes the microclimate change vulnerability at the household level and develops and compares it on the basis of different indicators. A large number of studies have shown that climate change has become a major factor affecting agricultural production and farmers’ livelihoods [59,60,61]. For this reason, the IPCC has developed a theoretical analysis framework that combines ecological, biophysical and social vulnerability [62], and has defined vulnerability as the tendency to be adversely affected [63]. Vulnerability includes various concepts and elements, including sensitivity to injury and lack of ability to cope and adapt [64].



Based on this, the vulnerability assessment and analysis framework of IPCC divides vulnerability into three dimensions: exposure, sensitivity and adaptability [37,65,66], and emphasizes helping vulnerable groups to reduce internal and external impact damage to maintain the stability of the group’s future development [35]. Among them, exposure refers to the nature and extent of a system’s exposure to significant climate change, based primarily on the extent of exposure [63]. Sensitivity refers to the degree to which a system is affected by adverse or beneficial effects of climate change, which may be direct or indirect, such as sensitivity to water, food and health [63]. Livelihood resilience refers to the ability of social systems to respond to and recover from disasters, depending primarily on social networks, livelihood strategies and sociodemographic profiles [67]. In the framework of vulnerability-assessment analysis, there is a functional relationship between exposure, sensitivity and livelihood resilience and vulnerability, and potential climate impacts can be reduced through adaptation measures to enhance adaptive capacity [68].



Therefore, taking into account the research objectives and regional realities, this study will use the IPCC’s vulnerability-assessment analysis framework and apply the vulnerability index (IPCC-LVI) to explore the influencing factors of livelihood strategies, hoping to provide bases for policy formulation for farmers in different disaster-type regions.



Due to the differences in topography and economic development levels, many farmers have been living in areas threatened by natural disasters for a long time, and some farmers even live in known disaster areas (such as debris flow fans) [69,70,71,72,73,74]. This means that they are vulnerable to disasters under extreme weather conditions (such as heavy rain) [75]. Among them, developing countries are more vulnerable to natural-disaster shocks due to weak coping strategies and imprecise institutional frameworks [76], especially in mountainous areas where people are chronically affected by poor local socioeconomic development and have increased levels of vulnerability [77]. For different natural disasters, the livelihood vulnerability of farmers in different dimensions will show different characteristics. For example, in landslide- and debris-flow-threatened areas, Peng et al. found that households’ exposure dimension and sensitivity dimension showed higher vulnerability, and high vulnerability was accompanied by high sensitivity [78], while Lim et al. found that households’ exposure-dimension vulnerability was higher than their sensitivity and adaptability [79]. The exposure dimension at this point reflects the external shocks faced by farm households in the region, mainly relying on landslide shocks, agricultural shocks, and other economic shocks for measurement; the sensitivity dimension aims to reflect the impact of external shocks on farm households, mainly relying on indicators such as consumption, indebtedness, and drinking water for measurement. In flood-threatened areas, Bhattacharjee and Behera found that the vulnerability scores of farmers’ exposure and sensitivity were higher than the vulnerability scores of their overall adaptability [38]. Hoq et al. found that the vulnerability of farmers in the exposure dimension was the highest, followed by the sensitivity dimension and the adaptability dimension [80]. Based on this, this research makes the following hypothesis:



Hypothesis 1 (H1).

There are significant differences in the livelihood vulnerability dimensions of farmers in different natural-disaster-threatened areas.





Livelihood strategies are the most effective protection against external shocks [81]. Farmers’ livelihood strategies will be constantly adjusted with changes in policies and systems, external environment and their own capital. Theoretically, farmers in different natural-disaster-threatened areas will adopt different livelihood strategies according to their social and economic differences. Natural disasters such as landslides, debris flows and floods will not only lead to the decline in income and welfare level of the affected families, but also lead to the widening of the income gap between resident families [82]. In these threatened areas, nonagricultural income is the main part of the overall income of farmers. After the impact of natural disasters, the proportion of farmers taking pure farming (planting) as their main livelihood strategy will significantly decrease, while the proportion having nonfarming (working) as their main livelihood strategy will greatly increase. In general, farm households in developing countries, especially in mountainous areas, are highly dependent on nature [83], and the direct losses from the adverse effects of natural weather hazards on business and industry are much lower than those from agriculture [84]. For farmers in mountainous areas threatened by natural disasters, the stronger their buffer capacity (mainly including livelihood capital) is, the more likely they are to choose a nonagricultural livelihood strategy [67], and the income from nonagricultural production activities is often higher than that from part-time and pure agricultural livelihood strategy [85]. Buffer capacity represents the ability of farmers to use their own livelihood capital or resource endowment to cope with external risk disturbances [86]. From the perspective of livelihood capital, the capacity to buffer the ability of farmers to use their own resources and power to withstand livelihood risks is an important measure of livelihood resilience [87]. The more abundant human and financial resources, the more sensitive the farmers are [78,88]. Based on this, this study makes the following assumptions:



Hypothesis 2 (H2).

There are significant differences in the forms of vulnerability of households with different livelihood strategies in different natural disaster threat areas.





Exposure, sensitivity and adaptability may be significantly related to livelihood strategy. Among them, there is a significant negative correlation between income and adaptability [38,76]. Environmental risks that have a large impact (such as geological disasters and extreme weather) will have a huge impact on farmers’ assets [89]. At this point, farmers in disaster-threatened areas will take the initiative to engage in nonagricultural production activities to reduce the losses caused by natural disasters [55]. Sensitivity reflects the extent to which the major components of the system are affected by exposure. Generally speaking, the higher the sensitivity, the more threatened the livelihood capital of residents is [36]. When faced with the impact of health and social relationship risks, farmers are more likely to choose off-farm livelihood strategies (such as saving and migrant work) [55]. There was a significant negative correlation between income and the vulnerability index of adaptability dimension. Farmers with strong livelihood resilience tend to have more people, money and material resources, and have a variety of livelihood strategies to choose from [90]. Poudel et al. believe that the farmers that rely only on agriculture for income will be more vulnerable [36]. As long as there is free space for farmers to choose, in order to pursue the maximization of interests, farmers in the threat area will be more inclined to engage in nonagricultural production activities. Based on this, the following hypotheses are made in this study:



Hypothesis 3 (H3).

The higher the vulnerability of exposure, sensitivity and livelihood resilience dimensions of farmers in different natural-disaster-threatened zones, the more they tend to be positively associated with the choice of non-farm-based livelihood strategies.






4. Data and Methods


4.1. Data Collection


The objective of this study is to analyze the characteristics and differences of livelihood vulnerability and livelihood-strategy choice of farmers in different natural-disaster-threatened areas, and to explore the correlation between livelihood vulnerability and livelihood-strategy choice. To achieve this goal, it is necessary to collect data from a primary survey of farmers in different natural-disaster-threatened areas. Referring to the study by Xu et al. [81], considering the actual situation in Sichuan Province, this study mainly focuses on landslide, debris flow and mountain flood, three kinds of natural disasters closely related to climate change. Questionnaire content involves farmers’ livelihood vulnerability (exposure, sensitivity and resilience) and livelihood-strategy choice. In order to ensure the typicality and representativeness of the sample data, the research group adopted the stratified equal-probability random-sampling method to determine the samples. Firstly, 4 districts and counties (Beichuan, Pengzhou, Baoxing and Lushan) were selected as sample counties from 183 districts and counties in Sichuan Province according to the types of natural disasters (Figure 1). After 4 sample counties were determined, 2 sample towns were randomly selected from each sample county based on indicators such as economic development level and disaster threat degree, and finally 8 sample towns were obtained. Then, based on factors such as the regional economic level of the sample township, the distance between the village and the township center, and the degree of disaster, 2 sample villages are randomly selected from each sample township, and 16 sample villages are finally obtained. Then, considering that Chinese village cadres have a better understanding of the local area, according to the roster provided by village cadres, 20–23 households were randomly selected from each sample village as sample households. Finally, the research team obtained 327 valid questionnaires from farmers in 4 districts, 8 towns and 16 villages. Among them, the number of households corresponding to landslide, debris flow and mountain flood, respectively is 189, 99 and 39.



Before the survey, the group initially estimated that each village would collect data on 24 farm households. In the actual survey process, with the consent of the interviewees, 13 systematically trained investigators under the leadership of village cadres adopted a one-to-one household research approach, with each questionnaire taking 1–1.5 h, and only 20–23 households being collected in each village due to limited funds, scattered farmers in mountainous areas and the increasing cost of survey time. However, our surveyed sample of farm households was generated through a random number table and there is a high degree of homogeneity in rural areas of China. Therefore, our sample is still random and highly representative.




4.2. Index Selection


Regarding the measurement of livelihood vulnerability, this study refers to the theoretical analysis framework of the IPCC and divides it into the three dimensions of exposure, sensitivity and livelihood resilience, with specific measures for each dimension referring to Alam; Hahn et al.; Malakar et al.; Pandey et al.; Peng et al.; Sarker et al.; Sujakhu et al.; Zhao et al. and other studies, and designs the indicator system with the actual study area (Table 1) [35,78,91,92,93,94,95,96].



For the exposure dimension, in order to fully portray the vulnerable environment faced by farmers, this paper not only selects the exposure dimension vulnerability index by climate change related disasters—landslides, debris flows and floods, including indicators such as the number of times farmers experienced disasters, the damage and whether they received pre-disaster warnings in advance, but also selects indicators directly related to climate change, such as climate change concerns and soil erosion.



Sensitivity reflects the extent to which the region is affected by extreme weather changes [88], and farm households will show significant fluctuations in consumption and even borrowing behavior when subjected to landslide shocks, agricultural shocks, and other economic expenditure shocks [78]. Additionally, considering that the study area is prone to landslides, debris flows and flash floods, the more mountainous area occupied by farm households will show more sensitive characteristics when other factors are not considered. When disasters occur, the drinking water, health and food of farm households are easily affected. Therefore, the sensitivity dimension is selected to measure consumption, debt, mountain area, healthy food, and water resources.



Livelihood resilience depends on available access to resources and will determine the extent to which individuals, households, and communities can absorb shocks, and this study takes livelihood resilience in terms of livelihood capital, i.e., it can increase opportunities to engage in risk management and cope with shocks [97]. The livelihood resilience dimension was selected to measure the human, natural, financial, social and material capital of farm households. Human capital includes physical health quality and scientific and cultural quality, and is mainly measured by the degree of higher education, the proportion of the population that is the labor force, and the proportion of the population with skills; natural capital reflects the extent of farmers’ use of natural resources, and is mainly quantified by the area of arable land and forest land being operated per capita; financial capital refers to the capital available to farmers, including accumulated capital and liquid capital, and is mainly quantified by the annual income per capita. Financial capital refers to the capital available to farmers, including accumulated capital and liquid capital, and is mainly quantified by the annual cash income per capita and the availability of savings. Social capital reflects the ability of farmers to use social networks to implement livelihood strategies, and is mainly measured by the amount of association participation, social network, and family members’ state public office status. Material capital refers to the relatively fixed resources owned by farmers to cope with climate change, and is mainly quantified by the present value of fixed assets.



Referring to studies such as Liu et al. and Zhou et al. [67,98], we also take into account the characteristics that the income of Chinese farmers mainly consists of multiple components such as agricultural income, wage income, property income, and transfer income. This study measures the livelihood strategies of farming income as a proportion of annual household cash income, and classifies them into three categories: pure farming, part-time farming, and nonfarming. Among them, those whose agricultural income accounted for less than 50% of total household income were nonfarm livelihood strategies, those greater than or equal to 50% but less than or equal to 80% were part-time livelihood strategies, and those greater than 80% were purely farm livelihood strategies




4.3. Calculation


4.3.1. The Entropy Method


Most of the 13 major components of the Livelihood Vulnerability Index (IPCC-LVI) under the IPCC framework consist of several indicators. Referring to the research of Peng et al. [78], the entropy method was adopted in this paper to determine the weight of each indicator and the comprehensive score of each dimension. The entropy method is an objective, weighting, mathematical method used to judge the dispersion degree of each index: the smaller the entropy value, the greater the dispersion degree, and the greater the influence (i.e., weight) of the index on the Comprehensive Evaluation. Compared with qualitative methods such as the Delphi method and analytic hierarchy process, the results of the entropy method are more objective and accurate. After determining the weights and evaluation scores of each indicator, the following formula was used to calculate IPCC-LVI by referring to the studies of Azam et al., the IPCC and Nguyen et al. [21,40,99]. The vulnerability index ranges from −1 (the least vulnerable) to 1 (the most vulnerable).


  I P C C - L V I =  (  E x p − L R  )  ∗ S e n  











Among them, IPCC-LVI is the score of the livelihood vulnerability index; Exp is the score of the exposure dimension; LR is the score of the livelihood resilience dimension; Sen is the score of the sensitivity dimension.




4.3.2. Econometric Model


To explore the degree and direction of influence of different factors on the choice of livelihood strategies, regression analysis of the influencing factors is required. Ordered multicategorical logistic-regression models are usually used for the analysis of influencing factors where the dependent variable is tricategorical and above and there is a concurrent ordinal relationship between the categories. Referring to the study by Zhou et al. [67], considering the dependent variable is the type of farmers’ livelihood strategies, it is more appropriate for classification as an ordered categorical variable. The independent variables are the vulnerability to landslide, debris flow, flood disaster, which fall into the classification of continuous variables. Thus, this study attempts to build an ordinal multinomial logistic-regression model to explore different disaster vulnerabilities and the relevant relationship between the livelihood of farmers and adopted strategies. The simple expression for the model is as follows:


  Y =  α 0  +  α 1  × l i v e l i h o o d   v u l n e r a b i l i t y   i n d e  x i  +  ε i   








where Y is the livelihood strategy of residents; livelihood vulnerability index is the core independent variable of the model, reflecting the vulnerability of farmers to different disasters, α0, α1, β0, β1 represent the parameter estimations of the model, respectively, while εi and σi are the residuals of the model. The whole process is realized by Stata13.0.






5. Results and Analysis


5.1. Descriptive Statistical Analysis of Livelihood Vulnerability


Table 2 provides the basic data and weights for the IPCC-LVI. In terms of the exposure dimension, farmers experienced a landslide, debris flow and flood on average 8.6 times, 20% of the farmers had someone they know be injured or die because of the disaster, 22% of the farmers did not receive the warning information when the disaster happened, and 76% of the farmers felt the increase in the number of disasters in recent years and expressed some worry. In terms of sensitivity, the average per capita annual consumption of households in 2018 was USD 1436.78, and 56% of households had debt. In terms of health, 21% of households reported that someone in their household had a genetic or serious disease, 71% had clean toilets and 68% had health insurance. In terms of food, 52% of the farmers’ crops were reduced by the disaster, and 5% said water resources could not meet their basic production and living needs. In terms of human capital, only 16% of households have a high school degree or above, only 58% of households have labor force, and only 24% of households have skills. As far as natural capital is concerned, the average area of cultivated land operated by farmers is 0.82 mu (546.94 m2), and the average area of forested land is 7.56 mu (5042.52 m2). In terms of financial capital, the per capita income of farmers was USD 2298.85 in 2018, and 46% of farmers had savings. In terms of social capital, the average farmer participates in 0.16 social organizations, and visits 5.27 households on average during the Spring Festival. The average farmer has at least one relative who is a village cadre. In terms of physical capital, the farmer households have an average of USD 65,890.80 in present value of physical assets.



The entropy method is used to obtain the weight of each dimension index. As shown in the last column of Table 2, the weight of water resources reflecting sensitivity is the highest (0.1905), followed by the weight of casualties caused by disasters (0.1075), and the weight of humans in need of help due to poor mobility in the family is relatively high (0.10753). Access to a clean toilet at home, proportion of mountainous areas, purchase of medical insurance and genetic/major diseases were also highly weighted (all greater than 0.05). Additionally, the weights of disaster, deposits, loans, weight per capita consumption, the degree of soil and water loss, and labor are relatively high (not less than 0.02). The weights of increasing awareness of natural disasters, not receiving early warnings and climate change concerns were higher (not less than 0.01) than the weights of high index, skills, social organization, physical assets, civil servants, woodland area of business, education level, per capita annual income, social network and the management of arable land per capita, which are relatively low (less than 0.005).



Table 3 shows the comprehensive value of the IPCC-LVI of farmers in different natural-disaster-threatened areas. Among the three disaster types, landslide, debris flow and flood, the IPCC-LVI (0.1155) of farmers in landslide-threatened areas is much higher than that of debris-flow- (0.0605) and flood-threatened areas (0.0238), and the IPCC-LVI of the main components is between 0.0001 and 0.0553. The specific index of livelihood vulnerability of farmers in the three types of natural-disaster-threatened areas was compared (as shown in Figure 2). Among the landslide disaster types, the vulnerability of the sensitivity dimension (0.1008) was higher than that of the exposure dimension (0.038) and the livelihood resilience dimension (0.0232). Specifically, health (0.0553), natural disasters (0.0207) and weather-change conditions (0.0173) were the most vulnerable. In contrast, physical capital (0.0008), consumption (0.0008) and natural capital (0.0006) are the least vulnerable. Among the types of debris-flow disasters, the vulnerability of the sensitivity dimension (0.0516) is much higher than the vulnerability score of the exposure dimension (0.0223) and the vulnerability score of the livelihood-resilience dimension (0.0133). Specifically, health (0.0289), natural disasters (0.0121) and weather changes (0.0101) were the most vulnerable, while physical capital (0.0005), consumption (0.0005) and natural capital (0.0003) were the least vulnerable. The vulnerability of the sensitivity dimension (0.0189) was higher than that of the exposure dimension (0.0086) and the livelihood-resilience dimension (0.0037) in the flood disaster types. Specifically, the vulnerability degree of water (0.0093), consumption (0.0045) and natural capital (0.004) was the highest, while the vulnerability degree of mountain area (0.0002), natural disaster (0.0001) and food (0.0001) was the lowest (as shown in Figure 3).



According to data collection and statistics, nonagricultural households in the sample area accounted for the vast majority, 294 households in total, accounting for 89.91%; there were 13 concurrent farming households, accounting for 3.98%; there were 20 pure agricultural households, accounting for 6.12%. Table 4 shows the comprehensive value of different livelihood-strategy choices of farmers. Among the three natural disasters, the vulnerability of farmers’ nonfarming livelihood strategy (0.0042) is much higher than that of part-time livelihood strategy (0.0002) and pure farming livelihood strategy (0.0002) (as shown in Figure 4), and the vulnerability score of its main components ranges from 0 to 0.0847. Specifically comparing the indicators of the three livelihood strategies, the vulnerability of sensitivity dimension (0.1533) was significantly higher than the vulnerability of exposure dimension (0.0616) and the vulnerability of livelihood resilience dimension (0.0352) in nonagricultural livelihood strategies. Specifically, the vulnerability levels of health (0.0847), natural disasters (0.0336) and climate change (0.028) were the highest, while physical capital (0.0013), consumption (0.0013) and natural capital (0.001) were the lowest. In the part-time livelihood strategy, the vulnerability of sensitivity dimension (0.0069) was higher than the vulnerability of exposure dimension (0.0029) and the vulnerability of livelihood resilience dimension (0.0019). Specifically, water resources (0.003), consumption (0.0015) and natural capital (0.0014) were the most vulnerable, while consumption (0.0001), natural disasters (0) and mountain proportions (0) were the least vulnerable. In the pure agricultural livelihood strategy, the vulnerability of sensitivity dimension (0.0111) was higher than that of exposure dimension (0.0042) and livelihood resilience dimension (0.0031). Specifically, health (0.0058), natural disasters (0.0022) and mountain proportions (0.0021) are the most vulnerable, while consumption (0.0001), physical capital (0.0001) and climate change (0.0001) are the least vulnerable (Figure 5).




5.2. Results of the Econometric Model


Table 5 shows the regression results of household livelihood vulnerability and livelihood-strategy choice in different disaster-type-threatened areas. According to the P value (0.0918 < 0.1) corresponding to the overall significance test of the model, it can be seen that the model has passed the overall significance test. In general, vulnerability of the livelihood resilience dimension is positively related to the choice of purely farm-based livelihood strategies by farm households. Specifically for a disaster type, regarding landslide disaster, the vulnerability of the livelihood resilience dimension of farmers is significantly positively correlated with the livelihood strategy. Under the premise that other conditions remain unchanged, the logarithmic probability of farmers choosing the pure agricultural livelihood strategy increases by 38.6358 for each unit increase in the vulnerability of the livelihood resilience dimension. Considering the debris-flow disaster, the livelihood resilience of farmers and their livelihood strategies are significantly positively correlated. Under the premise that other conditions remain unchanged, the logarithmic probability of choosing a pure agricultural livelihood strategy increases by 55.98425 for each unit of vulnerability of the livelihood resilience dimension.





6. Discussions


This study empirically analyzed the correlation between vulnerability indices and livelihood strategies for different hazards using survey data from farm households in three different natural-hazard-threatened areas: landslides, debris flows and flash floods.



The results of this study are consistent with the research hypothesis H1, and consistent with the findings of Ashikin et al., Gerlitz et al. and Shah and Dulal, that there are significant differences in the dimensions of livelihood vulnerability of farm households in different disaster-threatened zones [39,100,101]. However, in this study, when the different hazards to which farm households were subjected were compared cross-sectionally, it was found that the degree of livelihood vulnerability of farm households in landslide-threatened areas was much higher than that of farm households in debris-flow- and flash-flood-threatened areas. At the same time, all three natural hazards show one shared characteristic: the highest vulnerability score for the sensitivity dimension, the second for the exposure dimension, and the third for the livelihood resilience dimension. This suggests that farm households in landslide-hazard-threatened areas exhibit more vulnerable characteristics than those in the other two hazard threat areas, and that the indirect effects of disasters on households make farm households more vulnerable than direct shocks do. Possible reasons for this are: Firstly, the location of farm households in the mountainous regions of western China is scattered, and farm households in different locations are exposed to different natural hazards and their threat levels differ significantly when other factors are not considered. Secondly, landslides triggered by extreme weather are more common, while mudslide and flood disasters are more predictable under strong rainstorm conditions. Thirdly, the indicators of the sensitivity dimension (e.g., consumption, indebtedness, etc.) are directly or indirectly affected by climate change, in particular the subsequent impact of disasters on socioeconomics tends to have a greater impact on farm households, while the indicators of the exposure dimension are mainly affected by climate change directly, and appropriate measures can effectively reduce the degree of vulnerability.



The results of this study are consistent with the research hypothesis H2, and there are significant differences in the dimensions of vulnerability among farmers who adopt different livelihood strategies. The vulnerability of farmers who chose nonfarm livelihood strategies was much higher than the vulnerability of part-time and pure-farm farmers’ livelihood strategies, and all three showed a trend of higher vulnerability in the sensitivity dimension than in the exposure and livelihood resilience dimensions. This suggests that farm households living under the impact of natural disasters for long periods of time are more vulnerable and more significantly affected by indirect impacts by choosing nonfarm livelihood strategies. Therefore, how to reduce indirect impacts becomes the key to resist natural disaster shocks. This result is similar to the study of Bhattacharjee and Behera [38], who found that households that depend on agricultural activities for income are less vulnerable compared to those engaged in nonagricultural activities, and that pure farming households have been exposed to disasters for a long time and have even developed a way of life where they respond to disaster emergencies in a flexible manner; while in nonagricultural households, the labor force mainly works in towns/urban areas, but the household stays in the rural areas, putting great pressure on coping with disasters due to lack of adequate resources. However, this is inconsistent with the findings of Hoq et al. [80], as he argues that households engaged in multiple income-generating activities are relatively less vulnerable while working outside the home is an effective way to reduce vulnerability.



The results of this study are inconsistent with research hypothesis H3, but are consistent with the findings of Hahn et al., Sujakhu et al. and Poudel, among others, which also found that livelihood vulnerability of farm households in natural-disaster-threatened areas is significantly associated with their livelihood strategy choices [35,36,95]. This suggests that by enhancing the livelihood resilience of farmers in affected areas, it can influence the choice of pure agriculture and provide a way to adjust livelihood strategies. Poudel argues that farm households engaged in nonagricultural activities are more vulnerable in the exposure dimension than those engaged in pure agriculture [36], while this study found that the vulnerability of the livelihood resilience dimension is positively correlated with farmers’ engagement in pure agricultural activities. Possible reasons for this are: Firstly, the capital stock of farm households in western China tends to decrease gradually with the nonfarming of household livelihoods [102], and the stronger the livelihood resilience, i.e., the richer the livelihood capital stock, the higher the likelihood that they will specialize in agriculture. Secondly, agricultural income is an important influencing factor of livelihood resilience, where the more capital stock farmers have, the more income they earn from agriculture, and the more likely they are to invest in productive resources to continue to develop the industry [103].



Compared with other studies, the marginal contributions of this study are: Firstly, this research uses the IPCC vulnerability-assessment framework to analyze the characteristics and differences of farmers’ livelihood vulnerability in different natural-disaster-type-threatened areas. Secondly, this study classifies the IPCC-LVI of farmers into the three dimensions of exposure, sensitivity and livelihood resilience, and classifies farmers’ livelihood strategies into pure farming, part-time and nonfarming types. The study systematically analyzed the characteristics and differences of farmers’ livelihood vulnerability and livelihood strategies and constructed a model to explore the correlation between farmers’ livelihood vulnerability and livelihood strategies in different natural-disaster-threatened zones. The research design can provide a reference for other similar studies.



Despite the useful exploration in this study, there are still some limitations to be overcome: Firstly, the endogeneity of variable selection was not considered in the analysis of the livelihood vulnerability index. Secondly, the study area was limited to Sichuan, and the considered types of natural disasters under climate change conditions were only landslides, debris flows, and floods, and the applicability of the study results to other regions and other natural-disaster types needs further validation. Thirdly, this study only used the static time node data of 2019 for the exploratory study of vulnerability and livelihood strategies.



Therefore, the following suggestions for further research are proposed: Firstly, when considering the measurement of vulnerability indices in future studies, it is more important to design a comprehensive evaluation index system to measure different dimensions of vulnerability indices, and it is necessary to consider the issues of mediating effects and endogenous variable selection. Meanwhile, an attempt can be made to use the vulnerability index system to assess farmers in other disaster areas. Secondly, the livelihood strategies adopted by farmers are dynamic, and further research on livelihood strategy-driving mechanisms can be conducted in the future using dynamic panel data.




7. Conclusions


Based on the survey data of 327 rural households in areas threatened by the three natural disasters of landslides, debris flows and floods, the characteristics of farmers’ livelihood vulnerability and adaptation strategies in different disaster-type-threatened areas were analyzed, and an ordered multiclassification logistic-regression model was constructed to explore the correlation.



Indicator values for each component and subcomponent of farmers’ livelihood vulnerability and livelihood strategy options differed significantly across regions, which provides insight into the development and implementation of policies related to the reduction of farmers’ livelihood vulnerability and adaptation of livelihood strategies in specific regions. For example, it was found that indicators such as water resources, casualties due to disasters, and whether someone in the household is unable to take care of himself/herself had the highest weight in the livelihood vulnerability-assessment system, and water resources also had the highest level of vulnerability among flood hazard types. Based on this, it is recommended that the government increase the provision of water resources in landslide- and mudslide-threatened areas. Again, it was found that the degree of vulnerability of livelihood resilience was positively correlated with farmers choosing purely farm-based livelihood strategies, while income sources and livelihood diversification options are crucial to reduce the vulnerability of local communities [66,104]. Based on this, it is recommended that the government should encourage farm household labor to learn skills and acquire technology to increase income sources, enrich livelihood capital, and improve livelihood resilience, while considering regional equity. In addition, the human capital possessed by farm households with different livelihood strategies in different disaster types greatly affects the vulnerability index of the livelihood resilience dimension (as shown in Figure 2 and Figure 4), and socioecological innovation is an effective way to achieve sustainable livelihoods [51,105], while the younger generation is the primary group to bear the brunt of sustainability issues [106]. Based on this, it is suggested that the government should give full play to the advantages of geography, blood and industry, and should focus on building rural communities, increasing social responsibility, and creating a common “community garden” through the use of human capital, especially the younger generation, in order to achieve climate change mitigation or adaptation.
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Figure 1. Location map of sample counties and towns. (Source: National Natural Science Foundation of China project, 2019). 
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Figure 2. Tringle diagram of vulnerability of different types of disasters based on IPCC-LVI scores. (Source: the author, 2021). 
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Figure 3. Spider diagram of the major components of IPCC-LVI for different types of disasters. (Source: the author, 2021). 
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Figure 4. Triangle diagram of vulnerability of different types of livelihoods strategies based on IPCC-LVI scores. (Source: the author, 2021). 
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Figure 5. Spider diagram of the major components of IPCC-LVI for different livelihoods strategies. (Source: the author, 2021). 
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Table 1. Major dimensions and subdimensions comprising the IPCC-LVI developed for flood- and geological hazard-flow-threatened area. (Source: the author, 2021).
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IPCC

Contributing Factor

	
Major Dimensions

	
Subdimensions

	
Explanation

	
Source






	
Exposure

	
Natural disaster

	
Landslide, debris flow or flood shock

	
The number of landslides, debris flow or flood shock

	
Developed for the purposes of this questionnaire




	
Injury

	
Whether the family was injured as a result of the disaster (landslide, debris flow or flood) (0 = no, 1 = yes)

	
[91]




	
Circumstances of households that do not receive a warning before a natural disaster (landslide, debris flow or flood)

	
Whether an early warning has been received prior to a natural disaster (landslide, debris flow or flood) (0 = no, 1 = yes)

	
[91]




	
Climate variability

	
Facing gradually increasing natural disasters in recent years

	
Whether there been any changes in the frequency of disasters in recent years (0 = no, 1 = yes)

	
[91]




	
Concerns about climate change

	
How worried are you about the possible effects of climate change on your home? (1 = not worried at all, 5 = very worried)

	
Developed for the purposes of this questionnaire




	
Degree of soil and water loss

	
Degree of soil erosion of home land (1 = not serious, 5 = very serious)

	
Developed for the purposes of this questionnaire




	
Sensitivity

	
Consumption

	
Annual per capita household consumption

	
Annual per capita consumption expenditure (Yuan 1)

	
[78]




	
Debt

	
Household debt

	
Whether the household borrowed from financial channels or from relatives and friends during the previous five years (0 = no, 1 = yes)

	
[78]




	
Area of mountainous area

	
The ratio of mountain area to total area of family

	
The percentage of the total area of the home that is mountainous

	
Developed for the purposes of this questionnaire




	
Health

	
Genetic disorder

	
Whether anyone in the family has a genetic disease/major genetic disorder (0 = no, 1 = yes)

	
[92,93]




	
Sanitary latrine

	
Whether there is a sanitary latrine in your home (0 = no, 1 = yes)

	
[92,93]




	
The number of people who need help

	
Whether there are people in the family who need help because they are old/unable to move well (0 = no, 1 = yes)

	
Developed for the purposes of this questionnaire




	
New Rural Cooperative Medical Insurance

	
Whether the family has purchased the new rural cooperative medical insurance (the so-called medical insurance) (0 = no, 1 = yes)

	
Developed for the purposes of this questionnaire




	
Food

	
Whether the crops have been affected/reduced by the disaster/weather

	
Have the crops have been affected/reduced by the disaster/weather? (0 = no, 1 = yes)

	
Developed for the purposes of this questionnaire




	
Water

	
Availability of Water Resources

	
Whether the present water resources can meet the basic needs of production and living (0 = no, 1 = yes)

	
[35,91]




	
Livelihood Resilience

	
Human capital

	
Education level

	
Ratio of Population with High School Education or above to Total Population (%)

	
[94,95,96]




	
Proportion of population in the labor force

	
Labor force to total population ratio (%)

	
[94,95,96]




	
Skills

	
Ratio of people with skills to total population (%)

	
[94,95,96]




	
Natural capital

	
Per capita cultivated

land area

	
Ratio of cultivated land area in operation to total population (Mu 2/person)

	
[94,95,96]




	
Per capita forestland area

	
Ratio of operating forestland area to total population (Mu 2/person)

	
[94,95,96]




	
Financial capital

	
Per capita annual income

	
Ratio of total cash income to total number of persons (Yuan 1/person)

	
[94,95,96]




	
Deposits

	
Whether they have a deposit (no = 0, yes = 1)

	
[94,95,96]




	
Social capital

	
Participate in association organization

	
Number of associations they participate in (number)

	
[94,95,96]




	
Social network

	
Number of families visiting relatives and friends during the Spring Festival (number)

	
[94,95,96]




	
Members of employment

	
Whether they have relatives in the village or township cadres or in roles as other public officials (such as teachers, civil servants) (number)

	
[94,95,96]




	
Physical capital

	
Present value of fixed assets

	
Present value of agriculture, housing and other fixed assets

	
[94,95,96]








1 During the study period, USD 1 was equal to CNY 6.96. 2 1 mu = 667 m2, or 0.667 ha.
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Table 2. Basic statistics and weight of the IPCC-LVI measurement. (Source: the author, 2021).
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IPCC Contributing Factor

	
Major Dimensions

	
Subdimensions

	
Mean

	
SD

	
Weight






	
Exposure

	
Natural disaster

	
Landslide, debris flow or flood shock

	
8.58

	
12.70

	
0.04239




	
Injury

	
0.20

	
0.40

	
0.10753




	
Circumstances of households that do not receive a warning before a natural disaster (landslide, debris flow or flood)

	
0.22

	
0.41

	
0.01616




	
Climate variability

	
Facing gradually increasing natural disasters in recent years

	
0.76

	
0.43

	
0.01852




	
Concerns about climate change

	
3.51

	
1.24

	
0.01119




	
Degree of soil and water loss

	
2.84

	
1.36

	
0.02279




	
Sensitivity

	
Consumption

	
Annual per capita household consumption

	
10,053.94

	
11,633.08

	
0.02365




	
Debt

	
Household debt

	
0.56

	
0.50

	
0.03795




	
Area of mountainous area

	
The ratio of mountain area to total area of home

	
0.27

	
0.43

	
0.08095




	
Health

	
Genetic disorder

	
0.33

	
0.47

	
0.07370




	
Sanitary latrine

	
0.71

	
0.45

	
0.08223




	
The number of people who need help

	
0.21

	
0.41

	
0.10258




	
New Rural Cooperative Medical Insurance

	
0.68

	
0.47

	
0.07432




	
Food

	
Whether the crops have been affected/reduced by the disaster/weather

	
0.52

	
0.50

	
0.04279




	
Water

	
Availability of Water Resources

	
0.95

	
0.22

	
0.19050




	
Livelihood Resilience

	
Human capital

	
Education level

	
0.16

	
0.21

	
0.00067




	
Proportion of population in the labor force

	
0.58

	
0.30

	
0.02132




	
Skills

	
0.24

	
0.24

	
0.00364




	
Natural capital

	
Per capita cultivated land area

	
0.82

	
2.28

	
0.00027




	
Per capita forestland area

	
7.56

	
18.48

	
0.00088




	
Financial capital

	
Per capita annual income

	
16,440.90

	
18241.39

	
0.00037




	
Deposits

	
0.46

	
0.50

	
0.04051




	
Social capital

	
Participate in association organization

	
0.16

	
0.38

	
0.00179




	
Social network

	
5.27

	
8.15

	
0.00036




	
Members of the employment

	
1.50

	
2.99

	
0.00127




	
Physical capital

	
Present value of fixed assets

	
45.86

	
67.29

	
0.00166








Definition of weight: the smaller the entropy value of the indicator, the greater the dispersion, and the greater the influence (i.e., weight) of the indicator on the comprehensive evaluation.
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Table 3. Livelihood vulnerability index of different disasters. (Source: the author, 2021).
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IPCC Contributing Factor

	
IPCC Contributing Factor Value

	
Major Components

	
Major Component Value




	
Landslide

	
Debris Flow

	
Flood

	
Landslide

	
Debris Flow

	
Flood






	
Livelihood Resilience

	
0.0232

	
0.0133

	
0.0037

	
Human capital

	
0.0071

	
0.0038

	
0.0013




	
Natural capital

	
0.0006

	
0.0003

	
0.0001




	
Financial capital

	
0.0128

	
0.0078

	
0.0017




	
Social capital

	
0.0018

	
0.0010

	
0.0004




	
Physical capital

	
0.0008

	
0.0005

	
0.0002




	
Sensitivity

	
0.1008

	
0.0516

	
0.0189

	
Consumption

	
0.0008

	
0.0005

	
0.0001




	
Debt

	
0.0123

	
0.0063

	
0.0028




	
Area of mountainous area

	
0.0125

	
0.0070

	
0.0026




	
Health

	
0.0553

	
0.0289

	
0.0093




	
Food

	
0.0128

	
0.0067

	
0.0029




	
Water

	
0.0070

	
0.0023

	
0.0012




	
Exposure

	
0.0380

	
0.0223

	
0.0086

	
Natural disaster

	
0.0207

	
0.0121

	
0.0045




	
Climate variability

	
0.0173

	
0.0101

	
0.0040




	
IPCC-LVI

	
0.1155

	
0.0605

	
0.0238
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Table 4. Livelihood vulnerability index of different livelihood strategies. (Source: the author, 2021).
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IPCC Contributing Factor

	
IPCC Contributing Factor Value

	
Major Components

	
Major Component Value




	
Nonfarming Household

	
Part-Time Household

	
Farming Household

	
Nonfarming Household

	
Part-Time Household

	
Farming Household






	
Livelihood Resilience

	
0.0352

	
0.0019

	
0.0031

	
Human capital

	
0.0109

	
0.0005

	
0.0008




	
Natural capital

	
0.0010

	
0.0000

	
0.0001




	
Financial capital

	
0.0191

	
0.0011

	
0.0020




	
Social capital

	
0.0028

	
0.0001

	
0.0002




	
Physical capital

	
0.0013

	
0.0001

	
0.0001




	
Sensitivity

	
0.1533

	
0.0069

	
0.0111

	
Consumption

	
0.0013

	
0.0000

	
0.0001




	
Debt

	
0.0196

	
0.0007

	
0.0010




	
Area of mountainous area

	
0.0194

	
0.0012

	
0.0015




	
Health

	
0.0847

	
0.0030

	
0.0058




	
Food

	
0.0202

	
0.0008

	
0.0014




	
Water

	
0.0082

	
0.0012

	
0.0012




	
Exposure

	
0.0616

	
0.0029

	
0.0042

	
Natural disaster

	
0.0336

	
0.0015

	
0.0022




	
Climate variability

	
0.0280

	
0.0014

	
0.0021




	
IPCC-LVI

	
0.0042

	
0.0002

	
0.0002
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Table 5. Regression results of household livelihood vulnerability and livelihood-strategy choice in different disaster-type-threatened areas. (Source: the author, 2021).
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Variable

	
Types of Natural Disasters

	
The Overall Sample




	
Landslide

	
Debris Flow

	
Flood






	
Exposure

	
−4.0388

	
9.9804

	
5.4835

	
−0.1218




	
(−5.4787)

	
(−7.0540)

	
(−12.6898)

	
(−3.7563)




	
Sensitivity

	
−2.0608

	
1.2832

	
5.0520

	
−0.5770




	
(−2.4139)

	
(−4.9882)

	
(−4.6718)

	
(−2.0442)




	
Livelihood Resilience

	
38.6358 **

	
55.98425 ***

	
−21.6745

	
24.33493 **




	
(−15.4285)

	
(−19.1197)

	
(−32.4878)

	
(−10.2524)




	
IPCC-LVI

	
−43.53353

	
31.47006

	
5.687566

	
−10.7671




	
(33.00933)

	
(31.21301)

	
(59.93277)

	
(22.5154)




	
N

	
189

	
99

	
39

	
327




	
Prob > chi2

	
0.0917

	
0.0000

	
0.7397

	
0.0918




	
R2

	
0.0655

	
0.1127

	
0.0289

	
0.0290








Notes: *** p < 0.01, ** p < 0.05. Figures in parentheses are robust standard error.
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