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Abstract
Natural disasters are increasing in frequency in China. Enhancing residents’ livelihood 
resilience and adjusting their livelihood strategies have gradually become effective means 
of dealing with disaster risk. Therefore, it is of great significance to explore the livelihood 
strategies and livelihood resilience of rural residents in earthquake-stricken areas to help 
them cope with disaster risks. However, few studies have explored the correlation between 
residents’ livelihood resilience and livelihood strategies from the perspective of residents’ 
livelihood resilience. Based on a survey of 327 households in four districts and counties of 
Sichuan Province, China that were affected by the Wenchuan and Lushan earthquakes, we 
construct a framework for analyzing livelihood resilience and livelihood strategy selection. 
We comprehensively analyze the characteristics of livelihood resilience and livelihood 
strategy and explore their correlation using an ordinal multi-classification logistic regres-
sion model. The results show that: (1) Among 327 sample households, 90.21% were non-
farming, 3.67% were part-time households and 6.12% were farming households. Residents’ 
livelihood resilience is mainly based on their disaster prevention and mitigation capacity. 
(2) As far as the correlation between livelihood resilience and livelihood strategies is con-
cerned, the stronger the buffer capacity in livelihood resilience, the more rural residents 
tend to engage in non-farming activities to obtain income. When other conditions remain 
unchanged, the logarithmic probability of choosing an agricultural livelihood strategy 
decreases by 21.814 for each unit of buffer capacity. From the perspective of residents’ 
livelihood resilience, this study deepens our understanding of the relationship between 
livelihood resilience and livelihood strategy in earthquake-stricken areas. It also provides 
useful information for the formulation of policies to improve residents’ resilience in disas-
ter-threatened areas.

Keywords  Livelihood resilience · Livelihood strategy · Disaster prevention and mitigation · 
Earthquake-stricken areas · China

 *	 Dingde Xu 
	 dingdexu@sicau.edu.cn

Extended author information available on the last page of the article

http://orcid.org/0000-0001-6359-6540
http://crossmark.crossref.org/dialog/?doi=10.1007/s11069-020-04460-4&domain=pdf


256	 Natural Hazards (2021) 106:255–275

1 3

1  Introduction

Since the twenty-first century, due to the influence of climate change and crustal move-
ment, geological and natural disasters such as landslides, mudslides and earthquakes 
have occurred frequently (Peng et  al. 2018; Xu et  al. 2018a, b). Among them, earth-
quake, as the most serious disaster, has caused increasingly serious impact on the pro-
duction and life of the local people (Peng et al. 2018; Tian et al. 2014). Sichuan Province 
is the most seriously earthquake-affected province in China since the twentieth century 
(Xu et al. 2020a, b, c). According to statistics, 167 earthquakes of magnitude 5 or above 
occurred in China from 2008 to 2019, resulting in 550,000 casualties and 1126.799.37 
million Yuan in direct economic losses. Among them, there were 19 earthquake disas-
ters of magnitude 5 or above in Sichuan, accounting for 11.4% of the total, resulting 
in 530,000 casualties, accounting for 96.4% of the total, and direct economic losses of 
931.0136 million Yuan, accounting for 82.6% of the total (CNSB 2019). Among them, 
the 5.12 Wenchuan earthquake was the most destructive earthquake since the founding 
of the People’s Republic of China, and it was also the most deadly earthquake after the 
Tangshan earthquake, killing 69,268 people and injuring 446,062people, causing direct 
economic losses as high as 85,679,093 million Yuan (CNSB 2008). The April 20, 2013, 
Ya’an earthquake was a magnitude 7 or more earthquake, killing 196 people and injur-
ing 13,217, with direct economic losses as high as 671,463 million Yuan (CNSB 2013). 
In addition to causing casualties and property and infrastructural losses, earthquake dis-
asters also reduce agricultural productivity, thus hindering the economic development 
of earthquake-stricken areas (Xu et al. 2019a, b). As disaster risk seriously affects the 
sustainable development of rural residents in disaster areas (Bubeck et al. 2012; Huang 
et  al. 2016; Lindell 2013; Lindell and Perry 2000), the construction of resilient dis-
aster prevention systems in earthquake-stricken areas has gradually become a focus of 
interest in the field of disaster risk management. However, existing academic research 
on earthquake disaster risk management mostly concentrates on developed countries 
(Armas 2006; Becker et  al. 2012; Doyle et  al. 2018; Lindell et  al. 2016), with rela-
tively little focusing on earthquake-threatened areas of China. Therefore, such research 
is urgently needed (Lo and Cheung 2015; Xu et al. 2018a).

Facing the risk of earthquake disasters, timely adjustment of livelihood strategies 
can provide effective protection for individuals and families (Godschalk et  al. 2003; 
Hoffmann and Muttarak, 2017; Lindell, 2013; Xu et  al., 2018b). Livelihood strategy 
refers to the allocation of assets and selection of business activities by people to achieve 
their livelihood goals (Freduah et al. 2017; Guo et al. 2019a, b; Knutsson and Ostwald 
2006; Xu et al. 2018a). Residents’ livelihood strategies are not static and are constantly 
adjusted according to changes in policies, systems, the external environment, and per-
sonal livelihood capital (Xie et al. 2019). For example, when rural residents face risks 
or impacts from natural disasters, famine, or ecological degradation, they often change 
their livelihood strategies according to their own capital (Chen et al. 2014; Trinh et al. 
2018). There has been much research on livelihood strategies and their drivers in the 
context of disasters (e.g., Iiyama et al. 2008; Israr et al. 2014; Kassie et al. 2017; Men-
tamo and Geda 2016; Mottaleb et  al. 2018; Simtowe 2015). However, most studies 
focus on disasters such as extreme weather changes (Abid et al. 2016; Jezeer et al. 2019; 
Kuang et  al. 2019), droughts (Alary et  al. 2014), hurricanes (Schramski et  al. 2013), 
and floods (Barr et  al. 2000). Relatively few focuses on residents’ livelihood strategy 
choices in the context of earthquake disasters, and such studies are urgently needed.
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Many scholars believe that in the face of an uncertain future, livelihood resilience 
may be the best way to enhance residents’ livelihoods and promote their sustainable 
development (Adger et al. 2005; Folke 2006; Walker et al. 2004). Since Holling et al. 
(1973) put forward the theory of restoring force, academic research on this topic has 
gone through three different stages: (1) (late-1960s to the early-1970s) The focus of 
resilience research was "ecological resilience"; (2) (late-1970–1990s) scholars began to 
study "social-ecosystem resilience"; and (3) (2000-present) Adger (2000) introduced the 
concept of resilience into the field of social science, which began to focus on the resil-
ience of human systems, social systems and communities, and gradually extended to the 
resilience of livelihoods (Davidson 2010). The core of sustainable livelihoods is liveli-
hoods capital. Previous livelihoods studies have paid more attention to the stock and 
combination of farmers’ livelihoods capital, but the accumulation and transformation 
of livelihoods capital cannot actively protect farmers from shocks, nor does it consider 
farmers’ adaptation and adjustment behaviors under external shocks. Resilience think-
ing provides a new perspective for livelihood research and can help us understand how 
farmers maintain their livelihood level under the influence of adverse changes (Forster 
et al. 2014). Livelihood resilience refers to the ability of social systems to cope with and 
recover from disasters. Livelihood resilience focuses on how rural residents perceive 
changes in the social environment and how they modify their behaviors based on exist-
ing knowledge and social learning (Christensen et  al. 2012; Cutter et  al. 2008). Rural 
residents are the direct main body to deal with natural disaster risks and the basic unit 
of disaster prevention and mitigation management (Li et al. 2014). Cultivating the live-
lihood resilience of rural residents in earthquake-stricken areas can help them cope with 
the impacts of disasters, maintain their vitality, and enhance their sustainable devel-
opment ability. Therefore, the livelihood resilience of rural residents in earthquake-
stricken areas has become a focus of geography, disaster science, and sustainable devel-
opment research. However, in existing research, there remain disputes regarding the 
composition and attributes of livelihood resilience. For example, Speranza et al. (2014) 
believe that livelihood resilience consists of three parts: buffer capacity, self-organiza-
tion capacity, and the capacity for learning. Smith et al. (2018) decomposed resilience 
into absorptive capacity, adaptive capacity, and transformative capacity. Mekuyie et al. 
(2018) believe that the resilience of residents’ livelihoods consists of six components: 
assets, adaptability, and social safety net, access to public services, stability, income, 
and food access. Different rural residents have different disaster prevention and mitiga-
tion capabilities. The secondary indicators of disaster prevention and mitigation capa-
bilities in this study are whether to learn earthquake-related knowledge and whether to 
prepare emergency supplies, etc. It is based on residents’ subjective consciousness to 
study their disaster prevention and mitigation capabilities. Jones et  al. (2017) clearly 
pointed out that subjective resilience of farmers is related to the individual’s ability 
to cope with risks and potential risk cognition of farmers. Measuring subjective resil-
ience of farmers should emphasize its relationship with perceived adaptability, subjec-
tive well-being, and psychological adaptability. Nguyen and James (2013) used a more 
subjective approach to calculate the resilience of farmers’ livelihoods at flood risk by 
assessing individual responses. Therefore, the ability of disaster prevention and mitiga-
tion of rural residents in earthquake-hit areas is crucial to their livelihood resilience 
(Cutter 2016; Despotaki et  al. 2018; Speranza et  al. 2014; Villagra et  al. 2014). This 
study introduces the ability of disaster prevention and mitigation into the framework of 
livelihood resilience. However, there are few systematic studies on the resilience of resi-
dents’ livelihoods in earthquake-threatened areas and such studies are urgently needed.
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Theoretically, residents’ livelihood resilience is an important factor affecting their live-
lihood strategy choices. Farmers should obtain positive livelihood results to resist risks. 
High-quality and efficient livelihood capital is the guarantee for farmers to reduce their 
livelihood vulnerability and enhance their ability to resist risks. The status of farmers’ live-
lihood capital determines their asset allocation mode, i.e., livelihood strategy. Previous 
livelihood studies have paid more attention to the stock and combination of farmers’ liveli-
hood capital. However, the accumulation and transformation of subsistence capital cannot 
actively protect farmers from shocks, nor does it consider the adaptation and adjustment 
behavior of farmers under external shocks. Compared with livelihood capital, the meaning 
of livelihood resilience includes not only its own resource endowment, but also the abil-
ity to sum up practical experience, create self-organization opportunities, cultivate learn-
ing, and adaptive behaviors, etc. Therefore, as a dynamic extension of livelihood capital, 
farmers’ livelihood resilience can better reflect farmers’ livelihood strategy choices under 
external shocks (Christensen et al. 2012; Cutter et al., 2008). However, according to exist-
ing research on the driving mechanisms of residents’ livelihood strategies, there has been 
greater focus on the impacts of individual characteristics (such as age, gender, and educa-
tion), family characteristics (such as family population and total family income), and cogni-
tive characteristics (such as cognition of climate change) (Alam et al. 2016; Jin et al. 2015; 
Khanal et  al. 2018; Li et  al. 2017). Little research has explored the correlation between 
resilience and livelihood strategies (Liu et al. 2020; Thulstrup 2015). In the only research, 
scholars mostly focus on the impact of ecological resilience, community resilience, and 
disaster resilience on livelihood strategies. (e.g., DFID 1999; Holling et  al. 1973). Few 
studies have systematically investigated the correlation between residents’ livelihood resil-
ience and livelihood strategy choices in earthquake-threatened areas from the perspec-
tive of livelihood resilience. Therefore, the relationship between household resilience and 
livelihoods adaptation strategies in the earthquake disaster threat areas needs to be further 
explored (Fang et al. 2018; Jiao et al. 2017).

This study is based on survey data obtained from 327 households in four counties of 
Sichuan Province affected by the Wenchuan and Lushan earthquakes. We measured resi-
dents’ livelihood resilience from four aspects: buffer capacity, self-organization capacity, 
the capacity for learning, and disaster prevention and mitigation capacity. We construct 
an ordinal multi-classification logistic regression model to explore the correlation between 
livelihood resilience and livelihood adaptation strategies. This provides useful information 
for the formulation and implementation of policies related to disaster risk management. 
Compared with existing research, the contributions of this study are: (1) In the framework 
of livelihood resilience studied by predecessors, disaster prevention and mitigation capabil-
ity is introduced into livelihood resilience framework according to the actual situation of 
the research area. (2) We explore its mechanism of action on residents’ livelihood strate-
gies from the perspective of their livelihood resilience, which is of great theoretical signifi-
cance in understanding residents’ livelihood strategies from the perspective of their ability. 
(3) We studied rural residents from typical areas of the Sichuan earthquake disaster. The 
results provide a reference for the construction of resilient disaster prevention systems in 
the vast earthquake-threatened areas of China. This study intends to solve the following 
two problems:

1. What are the characteristics of the livelihood resilience and livelihood strategies of 
rural residents of earthquake-stricken areas?
2. What is the correlation between residents’ livelihood resilience and residents’ liveli-
hood strategies in earthquake-stricken areas?
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2 � Theoretical analysis and research hypotheses

With the continuous acceleration of China’s urbanization process, many rural laborers have 
immigrated to cities and the non-farming employment rate of rural residents has increased. 
Rural residents have changed from farming households to part-time households and even 
non-farming households. At the same time, many rural residents with high livelihood vul-
nerability and poor-risk resistance have been left behind in rural areas. High-quality and 
efficient livelihood resilience is the basis by which rural residents can reduce livelihood 
vulnerability and enhance risk resistance. Therefore, it is of great significance to study the 
livelihood resilience of rural residents of rural areas for livelihood strategies. This paper 
uses the reconstructed framework of residents’ livelihood resilience to explore the correla-
tion between residents’ livelihood resilience and their livelihood strategies (Fig. 1).

Buffering capability is a measure of absorbing interference and changes while the sys-
tem maintains its structure, characteristics, functions, and feedback unchanged (Carpenter 
et al. 2001; Holling et al. 2001). From the perspective of livelihood capital, buffer capacity 
is an important measure of livelihood resilience (Adger et al. 1999; Speranza et al. 2014). 
A strong buffer capacity is conducive to allowing families to use livelihood strategies to 
promote livelihood recovery and diversification (Marschke and Berkes 2006; Sina et  al. 
2019). On the one hand, the richer the arable land and fixed assets owned by residents, the 
more inclined they are to use large-scale mechanized production, thus improving farming 
efficiency and income. This can make rural residents more inclined to engage in agricul-
tural activities (Yan 2011). On the other hand, with greater income and savings, families 
are more likely to invest in secondary and tertiary industries and develop into non-farming 
fields (Ahmed et al. 2018; Fang et al. 2014; Rahman et al. 2014). However, compared with 
the income from land resources, the income from financial capital is more objective to 
farmers, which is more conducive to the allocation of their own resources and the diversifi-
cation of their livelihoods. Based on this, the study makes the following hypothesis:

H1  The stronger the buffer capacity of rural residents, the more farmers tend to non-agri-
cultural livelihood strategies.

Self-organization ability emphasizes how people’s self-management, institutional policies, 
and social connectivity shape resilience. The endogenous relevance and process of the system 
are the core of self-organization ability (Fuchs 2004; Obrist et al. 2010). Milestad et al. (2003) 
defined the self-organizing capacity of agricultural systems as the ability of rural residents 
or agricultural groups to establish flexible communication and mutual assistance networks 
and to integrate into the local social, economic, and institutional environment. Residents’ 

Fig. 1   Livelihood resilience and livelihood adaptation mechanism diagram
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self-organization ability affects their choice of livelihood activities. Compared with cities, 
rural areas pay more attention to human relations. Here, help from relatives and friends has 
a greater impact on residents’ livelihood strategies (Xu et al. 2015). The improvement of self-
organization ability can improve the availability of social resources. If rural residents are will-
ing to spend more cost on social networks, then they are more likely to broaden their develop-
ment space. Hence, rural residents are more likely to realize career diversification (Chen et al. 
2014; De Jalon et al. 2018; Jones and Boyd 2011). Based on this, the study makes the follow-
ing hypothesis:

H2  The stronger residents’ self-organization ability, the more inclined rural residents are 
to adopt non-farming livelihood strategies.

The capacity for learning can be understood as the ability of individuals or organizations 
to create, acquire, disseminate knowledge, and memory, which is of great significance to their 
rapid response and recovery and reconstruction after being impacted (Speranza et al. 2014). 
The social-ecological system is dynamic, so rural residents need to continuously gain new 
knowledge and production skills, then adjust their livelihood strategies to suit (Hoffmann and 
Muttarak 2017). Generally speaking, improvement in the capacity for learning, especially in 
education level, makes the labor force more inclined to choose non-farming employment and 
more advanced occupations. Specifically, when the education level of the rural labor force 
gradually increases, they can gain higher income by choosing non-farming work. Rural resi-
dents with a higher education level are more inclined to engage in non-farming industries in 
cities than to return to rural areas to engage in agricultural labor (Alam et al. 2016; Mottaleb 
et al. 2018). Based on this, the study makes the following hypothesis:

H3  Stronger the capacity for learning makes rural residents more inclined to adopt non-
farming livelihood strategies.

Disaster prevention and mitigation capability refer to residents’ capability to defend 
against natural disasters (Zhou et al. 2010). Wang et al. (2012) studied family disaster pre-
paredness strategies from the perspective of vulnerability, pointing out that the family is 
the most basic disaster prevention cell. Hence, improving family disaster-response ability 
can strengthen their livelihood strategy. Generally speaking, rural residents with strong 
knowledge and resource ability related to disasters are more likely to choose non-farming 
livelihood strategies (Guo et  al. 2018). At the same time, families with stronger aware-
ness and ability to resist risks can send their surplus labor force out to work to gain more 
income to better resist risks. Based on this, the study makes the following hypothesis:

H4  Stronger ability to prevent and mitigate disasters makes rural residents more likely to 
adopt non-farming livelihood strategies.

3 � Data and methods

3.1 � Introduction to research area

Sichuan Province of China, the capital of Chengdu, is located in the southwest inland 
of China and is a famous earthquake disaster province in China and even in the world. 
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Wenchuan earthquake and Ya’an earthquake are the most destructive and widespread 
earthquakes since the founding of the People’s Republic of China. The Wenchuan earth-
quake caused 113,000 casualties and direct economic losses of 856.791 billion Yuan. The 
Ya’an earthquake affected 1.52 million people and affected an area of 12,500 square kilo-
meters. Wenchuan earthquake and Ya’an earthquake have had a serious impact on the pro-
duction and life of the local people.

3.2 � Data source

All data used in this research were obtained from the Questionnaire on Residents’ Liveli-
hood and Disaster Risk Perception conducted by our research group in July 2019. Consid-
ering the differences in geographical environment and regional development, two districts 
and counties were selected from each of the areas hit by the Wenchuan and Lushan earth-
quakes. This resulted in a total of four districts and counties: Beichuan County, Pengzhou 
City, Lushan County, and Baoxing County. Questionnaires were answered during one-on-
one face-to-face interviews at the respondents’ homes, each lasting 1–1.5 h. The questions 
related to the basic situation of the peasant household, their livelihood capital, and their 
livelihood strategy. To ensure the data were representative, we mainly adopted stratified 
equal-probability random sampling to determine the sample counties, villages, and resi-
dents. For the specific sampling process, please refer to Xu et al. (2019a, b), Zhuang et al. 
(2020). Through investigation, the survey data of 327 households in 16 villages in 8 vil-
lages and towns in 4 districts and counties were finally obtained. Figure 2 shows a map of 
the locations of the sampled counties, villages, and towns.

3.3 � Methods

The objective of this study was to explore the correlation between residents’ livelihood 
resilience and their livelihood strategy from the perspective of residents’ livelihood resil-
ience. To achieve this goal, some key variables were required, as follows.

3.3.1 � Type of household livelihood strategy

For the measurement of livelihood strategies, based on Thulstrup et al. (2015), Liu et al. 
(2020), and other studies, the livelihood strategies of rural residents were divided into 
three types according to the proportion of household income obtained from agriculture: 
(1) farming household, (2) part-time household, and (3) non-farming household. Rural 
residents whose agricultural income accounted for < 50% of total household income were 
non-farming households. Those whose agricultural income accounted for 50–80% of total 
household income were part-time households. Those whose agricultural income accounted 
for > 80% were farming households.

3.3.2 � Measurement of livelihood resilience

For the measurement of livelihood resilience, we referred to Chen et al. (2014), Peng et al. 
(2019a), Speranza et al. (2014), Liu et al. (2020), Sina et al. (2019), and other studies and 
combined that information with the actual situation in the study area. In this study, liveli-
hood resilience was divided into four dimensions: (1) buffer capacity, (2) self-organization 
capacity, (3) the capacity for learning, and (4) disaster prevention and mitigation capacity. 



262	 Natural Hazards (2021) 106:255–275

1 3

Indicators were defined to measure these four categories (Table 1). Among them, buffer 
capacity depends on the amount and type of livelihood capital owned by the household. 
Based on the framework of sustainable livelihood analysis, this paper selects indicators 
that reflect the buffer capacity of farmers. Per capita arable land area and irrigation water 
source reflect the natural resources used by farmers for agricultural production and can rep-
resent the natural capital of farmers. Per capita annual income and deposits of households 
represent the financial capital of farmers. For farmers, their financial capital is the most 
effective and direct factor to resist interference and maintain their livelihood. The fixed 
assets of farmers can be realized and converted into financial capital when farmers encoun-
ter interference and risks. The number of labor force and dependency ratio in the family 
represents the family structure of farmers. Self-organization capacity refers to the estab-
lishment of flexible and changeable communication and mutual aid networks by residents, 
as well as their ability to integrate into the local social, economic, and institutional environ-
ment. The number of immediate family members and the presence or absence of village 
cadres in the family reflects the opportunities for farmers to obtain external help through 
their own social networks when encountering interference. The decision-making of social 
organizations or groups and community public affairs represents the ability of farmers to 
obtain development opportunities and integrate their own resource advantages. Self-organ-
ization ability was assessed based on the indicators of: the living conditions of rural resi-
dents in earthquake-stricken areas, the number of relatives and friends in their homes that 
were public officials, the social organizations or groups that rural residents participated in, 
whether they participated in community public affairs decision-making, and the distance 

Fig. 2   Map of sample districts, counties, villages, and towns
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to the nearest town. The capacity for learning emphasizes the adaptive management of the 
system. Through knowledge, past experiences are applied to current practices and trans-
formed into productivity, thus affecting the livelihood resilience of families. The higher the 
educational level of family members, the easier it is to grasp the development opportunities 
to adapt to social changes and lead families to choose more stable livelihood methods. The 
more skilled the number of people in the family, the easier it is to find high-quality jobs, 
thus ensuring the stability of their livelihood. Based on this, the study used the capacity 
for learning indicators of: the education level of the head of the household, the number of 
people with high school education or above, the number of people in the family with skills, 
and the number of people working abroad for long times. The core of disaster prevention 
and mitigation capability is residents’ preparedness to avoid disasters. The indicators of 
this were whether rural residents had: emergency items prepared, learned disaster preven-
tion knowledge, participated in disaster prevention training, knowledge of how to help 
themselves and others, and made disaster-related agricultural adjustments.

3.3.3 � Measurement model

The dependent variable was the type of farmer livelihood adaptation strategy, which 
is an ordinal and multi-classified variable. The independent variables were residents’ 
livelihood resilience, continuous variables, and classified variables. Considering the dis-
tribution characteristics of the variables, this study attempted to construct an ordered 
multi-classification logistic regression econometric model to explore the correlation 
between residents’ livelihood resilience and their livelihood adaptation strategies. The 
simple expression of the model is as follows:

In the formula, Y refers to the residents’ livelihood strategy; Livelihood resilience is 
the core independent variable of the model, which indicates the resilience of residents’ 
livelihood capital.α0, α1, β0, β1, respectively, represent the parameters to be estimated of 
the model, and εi and σi are the residual terms of the model. The estimation of the whole 
research model is realized by SPSS 24.

4 � Results

4.1 � Descriptive statistics of the variables

4.1.1 � Characteristics of residents’ livelihood strategies

Figure 3 shows a distribution graph of residents’ livelihood strategies. It shows that non-
farming households accounted for the vast majority of rural residents of earthquake-
threatened areas, while part-time and farming households were fewer. Specifically, 295 
of 327 sampled rural residents were non-farming households, accounting for 90.21% 
of the total sample. There were also 12 part-time households (3.67%) and 20 farming 
households (6.12%).

Y = �
0
+ �

1
× Livelihood resilience

i
+ �

i
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4.1.2 � Livelihood resilience characteristics

The purpose of this study was to explore the correlation between livelihood resilience 
and livelihood strategies. Entropy method is an objective weighting mathematical 
method used to judge the degree of index dispersion. The greater the dispersion degree 
of entropy value, the greater the influence of this index on comprehensive evaluation. 
Compared with qualitative analysis methods such as analytic hierarchy process (rela-
tively subjective), entropy method has more objective results. The entropy method is 
used as a quantitative evaluation method to obtain the weight of each dimension index 
and the comprehensive index of each dimension that characterize the resilience of 
farmers’ livelihood. The principle and detailed calculation steps of entropy method are 
detailed in Peng et al. (2019b) and Xu et al (2019a).

Table 2 shows the definitions and descriptive statistics of the independent variables 
used in the model. As shown in Table 2, the livelihood resilience of rural residents in 
the earthquake disaster threat areas is mainly based on disaster prevention and mitiga-
tion ability, with the highest comprehensive index of 0.082, the comprehensive index of 
buffer ability and self-organization ability of 0.03, and the lowest comprehensive index 
of the capacity for learning of 0.024.

Fig. 3   Distributions of farmer types

Table 2   Definitions and descriptive statistics of the variables used in the model

Variable Measure Mean SD

Buffer capacity Scores for buffer capacity of rural households (0–1) 0.053 0.030
Self-organization Scores for self-organization of rural households (0–1) 0.035 0.030
The capacity for learning Scores for the capacity for learning of rural households (0–1) 0.033 0.024
Disaster reduction and 

prevention capability
Scores for disaster reduction and prevention capability of rural 

households (0–1)
0.120 0.082

Type of peasant household Scores for type of peasant household of rural households (0–1) 0.159 0.507
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4.2 � Econometric model results

Table 3 shows the results of the regression of the four dimensions of residents’ livelihood 
resilience and their livelihood strategy choices. The test statistics indicate that the model as 
a whole is significant at the level of 0.05 and, at the same time, the independent variable 
can explain 4.44% of the variation in the dependent variable.

As shown in Table 3, the buffering capacity of rural residents is negatively correlated 
with their livelihood strategies. Specifically, when the other conditions are the same, the 
logarithmic probability of choosing an agricultural livelihood strategy decreases by 21.814 
for each additional unit of residents’ buffer capacity. The correlation between household 
self-organization ability, the capacity for learning, disaster prevention and mitigation abil-
ity, and their livelihood strategy choice is not significant Fig 4.

5 � Discussion

Based on survey data of rural residents in the worst-hit areas of the Wenchuan and Lushan 
earthquakes, this study empirically analyzed the correlations between residents’ livelihood 
resilience factors and their livelihood strategies. There were some differences between our 
results and those of similar studies, as follows.

Consistent with research hypothesis H1, Su et  al. (2009), Yan et  al. (2011) and other 
research results, this study found that rural residents with a stronger buffer capacity are 
more inclined to obtain a higher income through non-farming activities.

Inconsistent to research hypothesis H2, Binder et al. (2015), Bukvic et al. (2017), Liu 
et  al. (2020), and other research results, they found that the stronger the residents’ self-
organizing ability, the more inclined they were to adopting non-farming livelihood strate-
gies. However, we found no significant correlation between residents’ self-organizing abil-
ity and their livelihood strategies. The possible reason is that the study area is a region 
where earthquakes and poverty are intertwined. The rural residents who stay in these areas 
are relatively vulnerable, and their social networks are limited. The possible reason is that 
the proportion of relatives and friends in government was small, and the participation of 
rural residents in social and economic organizations was relatively low. Of the 327 sampled 
residents, only 42.3% had relatives and friends working in the government, while 15.3% 
participated in social and economic organizations.

Table 3   Correlation between livelihood resilience and residents’ livelihood strategy

*** p < 0.01, ** p < 0.05, * p < 0.1

Variable Regression coefficient Robust standard 
error

T value P value

Buffer capacity  − 21.814 7.444  − 2.93 0.003**
Self-organization  − 2.480 6.619  − 0.37 0.708
The capacity for learning  − 5.582 13.154  − 0.42 0.671
Disaster reduction and preven-

tion capability
1.400 2.513 0.56 0.579

Prob>chi2 0.0287
R2 0.0444
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Inconsistent to research hypothesis H3 and Hoffmann and Muttarak (2017), Liu et al. 
(2015, 2020), Thomas et al. (2018), Whitehead et al. (2001), Xie et al. (2008), and other 
research results, they found that the stronger the residents’ the capacity for learning, the 
more inclined the rural residents to adopt non-farming livelihood strategies. However, this 
study found that there was no significant correlation between residents’ the capacity for 
learning and their livelihood strategy choices. The possible reasons are: The study area is 
a region where earthquakes and poverty are intertwined. The education level of the labor 
force was generally low, being mainly the primary and secondary levels. Few rural resi-
dents had more than a secondary education and most lacked professional skills, which may 
limit the influence of the capacity for learning on their livelihood strategy.

Inconsistent with hypothesis H4 and Guo et  al. (2018), we found no significant cor-
relation between residents’ disaster prevention and mitigation ability and their livelihood 
strategies. The possible reason is that the overall disaster prevention ability of rural resi-
dents in earthquake-stricken areas is relatively weak. On the one hand, rural residents may 
have "survivor bias", causing them to underestimate the severity of disaster risks (Xu et al. 
2020a, c), so they do not prepare disaster avoidance materials or adjust their livelihood 
strategy. On the other hand, residents’ financial capital levels were relatively low and they 
had no surplus funds for disaster preparation. These rural residents are reluctant to bear the 
risks brought about by adjusting their livelihood strategy. Therefore, in general, there is no 
correlation between residents’ disaster prevention and mitigation ability and their liveli-
hood strategy.

In addition, there are still some deficiencies in this study. For example, the livelihood of 
farmers is a dynamic development process. This study only evaluates the resilience level 
of farmers’ livelihood at a time node, and the time evolution process of farmers’ livelihood 
resilience needs further research. At the same time, this paper only discusses the relation-
ship between residents’ livelihood resilience and livelihood strategies in the worst-hit areas 
of Wenchuan earthquake and Lushan earthquake. Whether the research results are appli-
cable to other earthquake-hit areas needs further discussion. In the future, it is necessary 
to expand the scope of research objects and explore the relationship between livelihood 

Fig. 4   Livelihood resilience radar map
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resilience and livelihood strategies of residents in earthquake-stricken areas of different 
degrees.

6 � Conclusions

Based on the analysis, this study draws two main conclusions:

(1)	 Rural residents’ livelihood strategies are divided into non-agricultural, part-time and 
pure agricultural types, and non-agricultural is the main livelihood strategy adopted by 
rural residents in earthquake disaster threat areas. Of 327 sample households, 90.21% 
are non-agricultural residents, 3.67% are part-time residents, and 6.12% are pure agri-
cultural residents. The resilience of rural residents’ livelihood can be divided into 
buffer capacity, self-organization capacity, learning capacity, and disaster prevention 
and mitigation capacity, and the resilience of rural residents’ livelihood is mainly based 
on disaster prevention and mitigation capacity.

(2)	 As far as the correlation between livelihood resilience and livelihood strategies is con-
cerned, the stronger the buffer capacity in livelihood resilience, the more rural residents 
tend to engage in non-agricultural production activities to obtain income. When other 
conditions remain unchanged, the logarithmic probability of choosing agricultural 
livelihood strategy decreases by 21.814 for each additional unit of farmers’ buffer 
capacity.

The theoretical significance of this study is that in the framework of previous graduate 
students’ resilience calculation, according to the actual situation of the study area, intro-
ducing disaster prevention and mitigation capabilities into the livelihoods resilience frame-
work, from the perspective of residents’ livelihood resilience, it is of great theoretical sig-
nificance to understand residents’ livelihood strategies from the perspective of residents’ 
ability, and the research results can provide reference basis for the construction of resilient 
disaster prevention system in earthquake-stricken areas.

In addition to their theoretical significance, the results of this study also have impor-
tant policy implications. Under the background of novel coronavirus pneumonia, rural 
residents in rural areas face unprecedented difficulties in their life and employment. There-
fore, the government should take corresponding measures to improve residents’ livelihood 
resilience so as to enhance their ability to resist risks and ensure the sustainable devel-
opment of their livelihood. (1)This study found that the ability to resist and reduce dis-
asters is the main component of residents’ livelihood resilience in earthquake-hit areas. 
Therefore, the government should organize farmers to learn about earthquakes and learn 
relevant disaster avoidance preparations and emergency measures, so as to actively guide 
farmers to establish correct cognitive concepts of earthquake disasters. (2) We found that 
the total income of families following an agricultural livelihood strategy was far less than 
that of families following a non-farming strategy. Therefore, the government should pro-
vide financial support that encourages rural residents to change their livelihood strate-
gies. This would not only protect the fragile ecological environment to a certain extent but 
also maintain the diversification of residents’ planning strategies and better resist external 
risks. (3)This study found that the stronger the buffer capacity of residents, the more rural 
residents undertook non-farming production activities. Therefore, the government should 
expand residents’ capital stock through different channels to enhance their buffer capacity 
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and enable them to better resist external risks. For example, employment training and guid-
ance in helping rural residents find external work could increase their income.
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