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Abstract

:

Understanding the evolution of farmers’ livelihood strategies (FLS) is crucial for maintaining the sustainable development of farmers’ livelihoods, especially on the arid Loess Plateau, China. This study constructed a novel analytical framework for analyzing the evolution of FLS and the critical influencing factors. Changwu County, an apple cultivation region, was selected as a case study. The results suggest that four types of livelihood strategies (crop-planting, apple-planting, work-oriented, and part-time comprehensive) have emerged since the 1980s. The evolutionary process of leading FLS varies across geographic location. In the loess tableland region and economic fringe region, this evolution followed a progressive path from the crop-planting type to the apple-planting type to the work-oriented type, while in the loess gully region, loess ridge region, and economic core region, FLS jumped directly from the crop-planting type to the work-oriented type. The geographic location, training opportunities, garden area, cultivated land area, production and living materials, loan opportunities, and education level were found to be the critical factors influencing the differentiation and development of FLS. The analytical framework proposed here is also applicable for studying the evolution of FLS in other counties on the Loess Plateau, considering the representativeness of the selected case.
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1. Introduction


A livelihood comprises the capabilities, capital (including both material and social resources), and activities required for a means of living [1,2,3]. The livelihoods of farmers in developing countries and regions have attracted much attention, especially in remote and ecologically fragile regions [4,5,6,7,8]. Due to low urbanization and slow livelihood diversification, most farmers in these regions have relied on natural resources to maintain their livelihoods. However, farmers’ livelihood activities have been changing continuously with developments in social productivity. Existing studies have found that, affected by various disturbances, farmers either actively or passively give up their original livelihood activities and seek new ones, creating new livelihood strategies [9,10,11]. Affected by the development of rural society and the economy, the trend toward part-time and non-agricultural activities in farmers’ livelihood strategies (FLS) in developing countries seems inevitable. The applicability of livelihood strategies not only affects the efficiency of the use of livelihood capital, but is also the key to livelihood outcome and stability, which play important roles in the continuous and stable operation of the entire livelihood system [12,13,14]. Therefore, it is of great practical value to understand FLS and their evolution.



A livelihood strategy refers to the way that farmers combine and use different forms of livelihood capital to achieve livelihood goals or pursue active livelihood outcomes [1,2,15]. For the past 30 years, studies on FLS have mainly focused on the diversification livelihood strategy and poverty, and livelihood strategies and their influencing factors. Scoones divided FLS into four types: the extensification livelihood strategy, the agricultural intensification livelihood strategy, the diversification livelihood strategy, and the migration livelihood strategy [3]. Among them, the diversification livelihood strategy is a process in which farmers rely on a combination of diversification livelihood activities and social support capabilities to meet their needs in terms of maintaining and improving their livelihoods [13]. Many scholars have explored the effect of the diversification livelihood strategy on the livelihood system of farmers, and concluded that this strategy is not only conducive to improving the livelihood adaptability of farmers to external disturbances, but also has a positive impact on eliminating poverty and improving livelihood outcomes [16,17,18,19,20]. For example, Ho et al., revealed that the diversification livelihood strategy can reduce risks and the uncertainties of livelihoods [21]. Through studies on the diversification of the non-agricultural livelihood strategy in Zambia, Nambeye et al., indicated that insufficient agricultural outcome is an important reason for farmers to adjust their livelihood strategy to the diversified livelihood strategy, which will bring diversified sources of income [22]. Tukela et al., explored the relationship between strategy and poverty in the Sidama Region, Ethiopia, and indicated that the diversification livelihood strategy is more likely to reduce household poverty [23]. The above studies show that the diversification livelihood strategy is of great significance for maintaining livelihood stability and reducing poverty.



With the continuous deepening of related research, studies have gradually begun to focus on the influencing factors of FLS. However, most existing studies explored the effect on FLS from a single factor perspective. Some scholars have investigated the similarities and differences in FLS in different locations in a diversified region to demonstrate the role of geographic location in the formation and development of FLS [24,25]. Complicated terrain conditions and differences in economic development among regions have caused heterogeneity in the regional development conditions of farmers’ livelihoods, resulting in the differentiation of FLS. Moreover, considering the development of social productivity, some scholars have paid attention to the impact of climate change, land use, policies, and other factors on FLS [26,27,28,29,30,31,32,33]. Raihan et al., explored the impact of farmers’ adaptive choice of livelihood strategies in the face of climate change [34]. Mulatie et al., studied the impact of internal migration on the FLS in southwest Ethiopia [35]. Tang et al., studied the impact of returning farmland to forests on the FLS on the Loess Plateau [36]; Sun et al., explored the influencing path of Targeted Poverty Alleviation policies on FLS in China [37]. The research results of Mondal et al., show that the tourism-oriented transfer of FLS contributes to the outcome of FLS [38]. In addition, livelihood capital is a prerequisite for farmers’ livelihood activities and plays a supporting role in the formation of FLS [39,40,41,42,43]. Farmers seek the best livelihood strategies by combining different types of capital to maintain their livelihood security [44,45]. On this basis, scholars have conducted a large number of empirical studies on the impact of farmers’ livelihood capital on FLS in developing countries and regions, which is of great relevance to the sustainable development of farmers’ livelihoods [46,47,48,49,50]. For example, He et al., studied the impact of human capital on FLS in Liangshan, Sichuan, and concluded that human capital such as education, culture, and health status has a positive impact on the choice of non-agricultural livelihood strategies [51]. By studying the role of non-timber products in the FLS in the drylands of Sudan, Adam et al., revealed that natural capital is of great significance to the development of FLS in developing countries [52]. Nath’s empirical research in coastal Bangladesh shows that different combinations of livelihood capital lead to different combinations of livelihood strategies [53]. Malherbe et al., studied the impact of social capital on FLS in the Solomon Islands, and concluded that the accumulation of livelihood capital contributes to the development of diversified livelihood strategies of farmers [54]. In contrast, few studies have explored the differentiation and development of FLS from a comprehensive perspective that considers multiple factors.



In reviewing the literature, we found that the existing studies are, in some ways, insufficient. First, FLS are constantly adjusted in response to the development of productivity. The existing body of research is composed primarily of static studies on the status of FLS in a single period, while dynamic studies on the evolution of FLS are relatively scarce. Second, it is necessary to construct an analytical framework that considers the influence of multiple variables to explore the dynamic evolution of FLS.



China is the largest developing country in the world. According to the China Rural Statistical Yearbook 2020 (https://data.cnki.net/yearbook/Single/N2020120306 (accessed on 5 October 2021), at the end of 2019, the rural population was 551.62 million, accounting for 39.4% of the total population. The sustainable livelihoods of the rural population have become an important part of China’s “Rural Revitalization Strategy”. Since the reform and opening up, China’s rural household structure and population employment characteristics have undergone tremendous changes. Members of the young generation at the beginning of the reform and opening up are now mostly 50–60 years old, and they have experienced the process of agricultural production that involves going out to work and then returning home to engage in agricultural production. In addition, the subsequent generation and new generation of families have been gradually separated from the traditional extended family. Due to the lack of agricultural production skills, family livelihood activities have gradually shifted to non-agricultural work. Elderly people are engaged in agricultural production, while among younger workers, leaving home to work has become the primary means of expanding rural livelihoods in China. The Loess Plateau is a representative area of traditional agricultural production and the main production area of grain crops in China. Since the reform and opening up, global climate change, agricultural technology development, ecological protection policies, urbanization, and industrialization have considerably altered the development environment of traditional rural areas on the Loess Plateau. The employment direction has shifted from agricultural to non-agricultural work, the economic structure has shifted from primary industry to secondary and tertiary industries, and the agricultural crop structure has shifted from grain crop planting to cash crops represented by fruits [55,56,57,58]. With these changes in the regional rural development environment, FLS have also continued to differentiate and develop. Understanding the dynamic evolution characteristics of FLS can provide insights for policies targeting the healthy development of household livelihoods and the rural economy on the Loess Plateau in the context of rural transformation. In addition, this information has important strategic value for the overall realization of rural revitalization in China.



Based on the regional development characteristics of the Loess Plateau, and drawing on existing studies of farmers’ livelihoods, this paper constructed an analytical framework specifically applicable to studying the evolution of FLS on the Loess Plateau. We selected Changwu County, an apple cultivation region on the Loess Plateau, as the case study area. The formation and evolution of FLS were investigated based on survey data from farmers. This study aims to answer the following questions:




	(1)

	
How have FLS evolved?




	(2)

	
What are the main factors that have influenced the evolution of FLS?









The remainder of this paper is organized as follows. In Section 2, we construct the analytical framework for FLS evolution. Section 3 presents the study area, study data, and research methodology. Section 4 presents the research results of the evolution process of FLS, influencing factors of FLS, and influence mechanisms. Section 5 discusses the role of geographic location and livelihood capital in the evolution of FLS, the similarities and differences with existing research, policy implications, the limitations of the study, and future research. Finally, main conclusions of the study are presented in Section 6.




2. Analytical Framework


Multiple existing sustainable livelihood analytical frameworks, namely, the Sustainable Livelihoods Approach (SLA) established by the UK’s Department for International Development (DFID) [2], the Livelihood Security Framework of Farmers proposed by the Cooperative for American Remittances to Everywhere (CARE) [59], and the Sustainable Livelihood Approach proposed by the United Nations Development Programme (UNDP) [60], have been developed. However, these frameworks focus on different aspects of sustainable livelihoods. The SLA framework established by the DFID is the most widely adopted and applied, and has become the classic paradigm for farmer livelihood analysis. The SLA framework regards farmers as subjects who have certain forms of livelihood capital that they use to earn a living in a context of vulnerability. The acquisition of this livelihood capital is determined by the social, institutional, and organizational environment. This environment also affects the strategies that farmers use to meet their livelihood goals. However, because the framework encompasses the entire livelihood system, it provides insufficient information on specific intermediate links. In addition, the framework is designed not for seeking a universal solution, but for supporting analytical thinking. Therefore, it is necessary to adjust the framework according to the study area in specific applications. For example, Chen et al., analyzed the livelihood adaptability of farmers in the Minqin Oasis through an improved adaptive livelihood framework [39], and Tang et al., used an improved livelihood framework to analyze the livelihood sustainability of farmers on the Loess Plateau affected by the “Grain for Green” program [36]. By referencing the SLA and accounting for the regional geographical environment, we constructed an analytical framework for studying the evolution of FLS on the Loess Plateau (Figure 1). In this framework, the livelihood strategy is the core, and its formation and evolution are influenced by geographic location-related factors (economic location, terrain location) and various forms of livelihood capital under a uniform policy environment. According to this framework, we conducted study on the evolution of FLS on the Loess Plateau.




3. Materials and Methods


3.1. Study Area


Changwu County is an apple cultivation region located on the southern Loess Plateau in northwestern China (ranging from 107°38′ to 107°59′ E and from 34°59′ to 35°18′ N) (Figure 2A, the location of the Loess Plateau in China; Figure 2B, the location of Changwu County on the Loess Plateau; Figure 2C, the location overview of Changwu County). The total area of the county is 568.26 km2, and there are seven towns and one community under the jurisdiction of the county (Figure 2C). Among them, Zhaoren Subdistrict, Tingkou Town, and Dingjia Town are gradually becoming the urbanized and economic core areas of Changwu County because they are an administrative center, coal production region, and industrial park, while the remaining towns located in agricultural production regions have become the economic fringe regions of this county. The terrain of the county is primarily loess tableland, loess gully, and loess ridge. The elevation is higher in the southwestern part and lower in the northeastern part, forming a typical loess plateau gully landform in the northern reaches of the Weihe River, the largest anabranch of the Yellow River.



Changwu County has a long history of farming dating back over 1000 years, and it is a typical region for traditional dryland agriculture in China. Since the early 1990s, the proportion of the agricultural sector occupied by apple cultivation has gradually increased (Figure 3). As the proportion of apple-planted land continues to grow, income from apple orchards has become a major component of local income. This change led to a transition in the rural economic system from a traditional crop-planted regime to a regime of non-crop agriculture from 2006 to 2015. In addition, the county is rich in coal resources. The development of coal-related industries has greatly promoted the processes of industrialization and urbanization, resulting in an increasing transfer of agricultural labor to non-agricultural industries since the early 2000s (Figure 4). Non-agricultural income has become the main source of income in the rural economy, leading to a transition in the rural economic system from an agricultural production regime to a nonagricultural regime, beginning in 2015 and continuing to the present. With the continuous transformation of the rural economic system, FLS have continued to develop and diverge.




3.2. Sampling and Data Collection


The data used in this study include statistical and survey data. The social and economic statistics come from the Changwu County Statistical Yearbooks from 1978 to 2018. The acquisition of the survey data was carried out in three stages. First, the research team went to Changwu County to conduct a pre-survey from 25 March to 29 March 2019. Through visits to officials from the government departments of Changwu County, such as the Bureau of Statistics, the Bureau of Agriculture, the Bureau of Natural Resources, and the Bureau of Fruit Industry, we learned more about the changes in crop structure, labor force employment, apple planting, and key events in rural development since 1980. Moreover, six villages were randomly selected, two farmers in each village were selected for the pre-survey, and the content of the questionnaire was revised and improved. Next, we conducted a formal survey from 4 August to 20 August 2019. According to the terrain characteristics, social and economic development levels, and population distribution characteristics, 48 administrative villages were selected as survey points, accounting for 36.09% of the total number of administrative villages in Changwu County (there were 133 administrative villages in Changwu County in 2019). A total of 243 questionnaires were collected by random sampling, accounting for 1.81% of the total number of farmers in all surveyed villages (there were 13,422 farmers in the surveyed villages in 2019, and there were 41,967 farmers in Changwu County). Finally, 233 surveys were found to be valid, with 134 from farmers in the loess tableland region, 39 from farmers in the loess ridge region, and 60 from farmers in the loess gully region. A total of 99 surveys were collected from farmers in the economic core region, and 134 were collected from farmers in the economic fringe region. The questionnaire mainly assessed the livelihood capital, livelihood activities, and income structure of farmers in different periods (1990, 2000, 2010 and 2018). Finally, we conducted a supplementary survey from 11 October to 15 October 2019. We randomly selected the heads of 20 surveyed villages from different regions for a 30–50 min semi-structured interview. Among these heads of the surveyed villages, eight were from the loess tableland region, six were from the loess ridge region, six were from the loess gully region, fifteen were from the economic fringe region, and five were from the economic core region. The interview content included ① the history of and reason for apple planting in the villages; ② the main factors restricting the development of the village and the future development direction; and ③ the evolution process of population outflow and labor migration. The interview data can provide reference and support for the interpretation of the research results.




3.3. Classification Criteria for FLS


According to the survey, the livelihood activities of the farmers in the study region are mainly crop cultivation, apple cultivation, and non-agricultural work. According to the proportion of income obtained via various livelihood activities, the FLS were divided into four types: the crop-planting livelihood strategy (CPLS), the apple-planting livelihood strategy (APLS), the work-oriented livelihood strategy (WOLS), and the part-time comprehensive livelihood strategy (PTLS). The classification criteria are shown in Table 1.




3.4. Binary Logistic Regression Method


When the dependent variable is derived from qualitative data, binary logistic regression is a widely accepted approach. This method determines the function and intensity of variable xi in predicting the occurrence probability of dependent variable y. The FLS were taken as dependent variables (value set to 0 or 1). The index of farmers’ livelihood capital and geographic location were the independent variables. Binary logistic regression analysis was used to analyze the key factors influencing FLS. The conditional probability of y is:


  y = I n    p  1 − p     =   β  0  +   β  1    x  1  +   β  2    x  2  + ⋯   β  i    x  i   



(1)







The corresponding logistic regression model is:


  P =   exp (   β  0  +   β  1    x  1  +   β  2    x  2  + ⋯ +   β  i    x  i  )   1 + exp (   β  0  +   β  1    x  1  +   β  2    x  2  + ⋯ +   β  i    x  i  )    



(2)




where P is the probability of selecting one type of livelihood strategy and x1, x2, … xi are independent variables. Parameters β0, β1, β2, … βi are the undetermined regression coefficients.



The independent variables selected for the binary logistic regression were two geographic location dimensions and livelihood capital. The geographic location variables were the terrain location and economic location of the farmers (Table 2). In terms of livelihood capital, based on the sustainable livelihood framework [2] and considering the actual situation of the research region, we selected relevant variables from natural capital, human capital, physical capital, financial capital, and social capital (Table 2). A statistical description of each variable is presented in Table A1 in Appendix A.





4. Results


4.1. Characteristics of Different FLS


Since the 1980s, farmers in Changwu County have adopted four main livelihood strategies (i.e., CPLS, APLS, WOLS, and PTLS), all of which play an important role in the development of farmers’ livelihoods in the process of rural development.



CPLS: This livelihood strategy was formed after the establishment of the Household Contract Responsibility System and focuses primarily on crop cultivation. As farmers were limited by the level of productivity development, land immediately became the major means of production for them. Therefore, the CPLS became the leading livelihood strategy in the study region. Since then, farmers have gradually resolved the problem of obtaining food and clothing. However, with the rapid development of productivity levels, the status of the CPLS gradually declined in the early 21st century.



APLS: This type of livelihood strategy, with apple cultivation as the main livelihood activity, emerged in the late 1980s. At that time, the Institute of Soil and Water Conservation at the Chinese Academy of Sciences used apple cultivation to prevent soil erosion, and experimented in several villages in Hongjia Town. Driven by economic benefits and policy support, apple cultivation gradually expanded from the pilot region to the whole county. Around the turn of the 21st century, the APLS became the leading livelihood strategy and helped improve the income level of rural farmers. At present, the APLS is still mainly followed in loess tableland region villages with superior apple growing conditions.



WOLS: This livelihood strategy, with non-agricultural work as the main livelihood activity, emerged in the late 1990s. It was initially pursued in the economic core region and loess gully region. With the development of productivity, surplus rural labor began to appear, and coupled with the decline in apple earnings, non-agricultural work became the main livelihood activity of farmers. The WOLS also became the leading livelihood strategy in rural areas. This livelihood strategy not only improved the economic income of farmers, but also pushed the rural economic system into the non-agricultural phase.



PTLS: This livelihood strategy was formed in the late 1990s and is characterized by diverse livelihood activities and a relative balance among different income sources. Livelihood activities mainly take the form of a combination of crop cultivation, apple cultivation, and non-agricultural work. The PTLS not only reduced livelihood risks, but also increased and stabilized farmers’ household income.




4.2. Evolution of FLS


Since the 1980s, FLS have evolved in accordance with the regime shifts in the rural economic system in Changwu County. However, the evolution of FLS has followed different patterns under different geographic locations.



4.2.1. Evolution of FLS in Different Economic Sub-Regions


In 1990, FLS in the economic fringe region were mainly based on the CPLS, which was adopted by 76.87% of the surveyed farmers (Figure 5a, the FLS composition of households surveyed in the economic fringe region). By 2000, the APLS had been adopted by 47.76% of the surveyed farmers, making it the leading livelihood strategy (Figure 5a). Driven by the difference in economic benefits among industries, the WOLS was followed by 47.76% of the surveyed farmers in 2010, making it the leading livelihood strategy in the economic fringe region (Figure 5a). Compared with the economic fringe region, the proportion of farmers using the CPLS decreased from 90.91% in 1990 to 18.18% in 2000, and the proportion using the WOLS increased from 0.00% in 1990 to 53.54% in 2000, making it the dominant livelihood strategy in the economic core region (Figure 5b, the FLS composition of households surveyed in the economic core region).




4.2.2. Evolution of FLS in Different Terrain Sub-Regions


The development of the fruit industry led the proportion of farmers using the CPLS to decrease from 79.85% in 1990 to 9.70% in 2000, while the proportion using the APLS increased from 20.15% in 1990 to 44.03% in 2000 in the loess tableland region. Apple cultivation thus became the major livelihood activity in the loess tableland region (Figure 6c, the FLS composition of households surveyed in the loess tableland region). With the advancement of industrialization and the decline in the economic benefits of apple growing, the proportion of farmers adopting the WOLS increased from 41.79% in 2000 to 50.75% in 2010, making it the leading livelihood strategy for regional farmers. In contrast, the proportions of farmers using the CPLS in the loess gully region and the loess ridge region were 88.33% and 84.62% in 1990, respectively (Figure 6a, the FLS composition of households surveyed in the loess gully region; Figure 6b, the FLS composition of households surveyed in the loess ridge region). By 2000, the proportions of farmers using the CPLS dropped to 13.33% and 20.51% in the loess gully region and loess ridge region, respectively, while the proportions using the WOLS increased to 58.33% and 33.33% in 2000. This made the WOLS the leading livelihood strategy, a situation that remained unchanged until 2018 (Figure 6a,b).




4.2.3. The Evolution Path of FLS


From the above analysis, it can be seen that the FLS in the study area have evolved to the direction of non-crop and non-agricultural. However, the evolution of FLS varies across geographic locations. The evolution of FLS followed a progressive path from the CPLS to the APLS to the WOLS in the loess tableland region and economic fringe region (Figure 7), and the non-agricultural process of FLS development was slower; however, it followed a jump path that jumped directly from the CPLS to the WOLS in the loess gully region, loess ridge region, and economic core region (Figure 7), and the non-agricultural process of FLS development was faster.





4.3. Factors Influencing FLS Evolution


Within the analytical framework, we used binary logistic regression to explore the influence of geographic location and livelihood capital on the evolution of FLS. The dependent variable: FLS in various periods, and the independent variables: livelihood capital and the geographic location of farmers, were calculated using the system default entry method. Among the 14 livelihood strategy regression models, 13 had a significance level greater than 0.05 according to the Hosmer–Lemeshow test, with only the PTLS in 2010 failing to pass the test. The fit results of all of these models were acceptable, with a prediction accuracy of approximately 20% to 30% (Table A2 in Appendix A). All 13 models had strong explanatory power. It is noted that in the CPLS model for 2010, none of the variables passed the significance test (Table 3).



The regression results suggested that the geographic location, training opportunities, garden area, cultivated land area, production and living materials, and loan opportunities and education level, as part of livelihood capital, were the major factors influencing the differentiation and development of FLS (Table 3). In terms of geographic location, under certain productivity levels, economic location had a significantly negative impact on the CPLS and a significantly positive impact on the WOLS, and terrain location had a significantly negative impact on the WOLS and a significantly positive impact on the APLS. In terms of livelihood capital, training opportunities in social capital had a significantly negative impact on the CPLS, WOLS, and PTLS, and a significantly positive impact on the APLS at different times. Garden area in natural capital had a significantly negative impact on the CPLS, WOLS, and PTLS, and a significantly positive impact on the APLS at different times. Cultivated land area in natural capital had a significantly negative impact on the WOLS, and a significantly positive impact on the CPLS and PTLS at different times. Loan opportunities in financial capital had a significantly positive impact on the APLS and a significantly negative impact on the CPLS at different times. In addition, education level in human capital had a significantly negative impact on the APLS in 2018, and production and living materials in physical capital had a significantly negative impact on the CPLS in 2000.




4.4. Mechanism of the Factors Influencing FLS Evolution


The evolution of rural FLS was affected by the combination of geographic location and livelihood capital during the rural social and economic development of Changwu County (Figure 8). Geographic location determined the environment of farmers’ livelihood development. Different geographic location caused differences in farmers’ resource endowments, industrial development conditions, job opportunities, and degrees of contact with other regions, which, in turn, affected the choice and direction of the development of FLS. In addition, the stock of livelihood capital and its support of the livelihood system changed with the development of rural production. Driven by survival and economic rationales, farmers adjusted the use of their livelihood capital in a timely manner and changed their livelihood strategies to adapt to the development of productivity and increase their income. In summary, the differentiation and development of FLS in Changwu County was the result of farmers’ rational allocation of livelihood capital among different livelihood activities under the restrictive or promotional influences of their location conditions in the process of rural social and economic development.





5. Discussion


5.1. The Role of Geographic Location in the Evolution of FLS


In the early 1980s, FLS were mainly focused on crop cultivation. During the process of industrialization and urbanization in the economic core region of Changwu County, a large amount of cultivated land was expropriated in the rural region, resulting in a decline in regional agricultural production potential. In addition, the superior regional non-agricultural employment conditions led to a large inflow of rural labor into non-agricultural livelihood activities. These developments caused FLS to evolve from the CPLS to the WOLS. Compared to the economic core region, due to the better agricultural production conditions in the economic fringe region, the evolution of the dominant livelihood strategies among farmers was a progressive process of CPLS to APLS to WOLS based on the full use of agricultural resources.



As the photothermal conditions in the loess tableland region are ideal for apple cultivation, the quality of the apples produced in this region is better, allowing them to be sold at higher market prices than those produced in other regions. As a result, apple growing became the dominant livelihood activity in the loess tableland region for a period. In contrast, the loess gully region and loess ridge region are not suitable for apple cultivation, making it unlikely to be the dominant livelihood activity of farmers there. In addition, agricultural productivity is low in the loess ridge region and loess gully region because of the poor quality of cultivated land, which has forced an increasing number of rural laborers to work in non-agricultural sectors. Therefore, the regions followed the jump evolution path and entered the non-agricultural phase earlier.




5.2. The Role of Livelihood Capital in the Evolution of FLS


(1) Training opportunities were the key variable of FLS differentiation in the early period.



In the early period of the reform and opening up, the rural livelihood activities in Changwu County were dominated by traditional crop cultivation. With the introduction of apple cultivation technology and the popularization of technical training provided by government organizations, some farmers who had mastered apple-cultivation technology abandoned crop cultivation. As the extent of apple growing continued to expand, the APLS emerged, and FLS started to diverge. With the continuous development of productivity, training opportunities continued to play an important role in the differentiation and development of FLS, with a significantly positive effect on the APLS and a significantly negative effect on the formation and development of the remaining three livelihood strategies.



(2) Cultivated land area and garden area, as forms of natural capital, played an important role in promoting and maintaining the CPLS and the APLS.



With the development of productivity levels, traditional crop cultivation was gradually replaced by livelihood activities such as non-agricultural work and apple growing. However, some farmers with extensive cultivated land still actively improved on methods for traditional crop cultivation, thereby maintaining the existence and development of the CPLS. In addition, with the promotion and popularization of apple cultivation technology, the impact of technical training on the APLS gradually weakened, and garden area gradually became a key variable affecting the development of the APLS. The garden is the land foundation for apple cultivation. Therefore, farmers with more garden area were more likely to use it for apple planting, which in turn promoted the formation and development of the APLS.



(3) Natural capital and training opportunities hindered the formation and development of the WOLS.



The previous analysis showed that the WOLS first appeared in the economic core region and loess gully region. The better non-agricultural production conditions in the economic core region and the poor agricultural production environment in the loess gully region led farmers to break away from agricultural production early and engage in the WOLS. However, cultivated land area, garden area, and training opportunities promoted and maintained the CPLS and APLS, which, in turn, hindered the formation and development of the WOLS.



(4) Impact of other livelihood capital variables on the evolution of livelihood strategies.



Diversified production and living materials are prerequisites for non-agricultural livelihood activities. Therefore, farmers with more production and living materials are more likely to form PTLS. In addition, with the development of the apple industry, the government gradually stopped the distribution of free materials to growers. However, in apple cultivation, there is a lag between planting and deriving income, so the purchase of agricultural materials in the early stage of apple planting needs a substantial amount of money to be maintained. To a certain extent, the greater the number of people who can loan money, the better the farmers’ ability to raise funds is, resulting in financial guarantees for apple cultivation, further promoting the formation and development of the APLS.




5.3. Comparative Analysis with Existing Research Results


The results of this study have certain similarities with the existing related research results on the Loess Plateau. In terms of the impact of geographic location on FLS, through the comparative analysis of FLS in different terrain regions on the Loess Plateau, Lu et al., pointed out that the fruit-planting livelihood strategy is mainly distributed in the loess tableland region, while the non-agricultural livelihood strategy is mainly distributed in the loess gully region [61], which is almost consistent with the results on the distribution of FLS in our study. The difference is that Lu et al., ignored the role of economic location. In terms of the overall development trend of FLS, some existing research results show that the project of returning farmland to forests, as well as urbanization and industrialization, has shifted the development of FLS towards the direction of the fruit industry and non-agricultural activities on the Loess Plateau [62,63,64]. Our research results on the evolution of FLS are not only consistent with the existing results in the direction of evolution, but also analyzed the specific process of the evolution of FLS. In addition, in their research on the differentiation of FLS on the Loess Plateau, Wang et al., also concluded that social capital plays an important role in the formation of fruit farmers [65], which further supports the relevant results of our study. In summary, the results of the case study reflect the actual development of FLS on the Loess Plateau to a certain extent, and the analytical framework is applicable to the study on the FLS on the Loess Plateau.



From related studies in other regions, the research results of Wamalwa et al., show that the effect of human capital, physical capital, financial capital, natural capital, and social capital is determined by forest, crop, livestock, and off-farm activities in Kieni Sub Counties, Kenya [66]. Baruah et al., revealed that the training of aquaculture technology is of great significance to the development of the livelihood strategy of fish farming in the high altitude areas of Arunachal Pradesh [67]. Through a comparative analysis of the differences in the livelihood choice of tea industry by farmers at different altitudes in the Himalayas, Jairu et al., concluded that terrain location has an important impact on the participation of FLS in the tea industry [68]. Due to differences in regional resource endowment, productivity levels, and policy systems, etc., the FLS in the above study areas were different from those on the Loess Plateau. However, these research results still show that geographic location and livelihood capital have an important impact on the FLS. It can be seen that the analytical framework designed in the current study still has certain applicability in other regions.



From the research sample, the farmers surveyed are involved in different terrain locations and different economic locations. The livelihood activities of the farmers include traditional agricultural production, fruit production, and non-agricultural production mainly based on going out to work. According to the participation in these livelihood activities, four types of livelihood strategies are formed, including CPLS, APLS, WOLS, and PTLS. This is in considerable agreement with the relevant research results on the Loess Plateau [61,62,65]. In addition, with the development of productivity and changes in the global environment, the FLS in many developing countries and regions have gradually shifted towards a non-agricultural direction [69,70,71,72]. It can be seen that due to the disparity in the outcome benefits of different industries, when the level of productivity develops to a certain extent, the non-agricultural transfer of FLS is inevitable. Therefore, although there will be differences in specific livelihood strategies, our sample is highly representative of the overall direction of the evolution of livelihood strategies. This also shows that the analytical framework has certain applicability to other regions.




5.4. Policy Implications


Breaking the limitation of geographic location on FLS is of considerable significance to promote the sustainable development of farmers’ livelihoods. Therefore, it is necessary to strengthen the construction of regional infrastructure for regional rural development, especially on the Loess Plateau. To date, China has implemented many rural development strategies and measures (beautiful villages, rural vitalization strategies, village-to-village projects, immigration relocation, targeted poverty reduction strategies, etc.) to promote the healthy development of farmers’ livelihoods, and has achieved tremendous results. These strategic guidelines not only improve the rural social development environment, but also promote the development of the rural economy through the restructuring of rural industries and the integration of resources, as they provide experience and a reference for rural development and the development of farmers’ livelihoods in developing countries.



Furthermore, to achieve rural revitalization and development, the Chinese government must attach importance to building up livelihood capital and promptly optimize the structure of livelihood capital for farmers on the Loess Plateau. First, the education department and human resources department should improve the adult education system and production skills training system for farmers, and carry out re-education to expand farmers’ employment opportunities as well as periodic training on production skills to promote the knowledge-based and energy-saving transformation of farmers’ human capital. Second, the financial sector and financial system should improve regional microfinance credit projects and agricultural and non-agricultural special credit projects to strengthen financial support for the development of rural farmers’ livelihoods. Finally, local government departments should build online information platforms to promote the diversified development of farmers’ information acquisition channels and enhance farmers’ understanding of agricultural market information, employment information, and national policy information.




5.5. Limitations of the Study and Future Research


There are still some insufficiencies in this study that need to be improved. In this study, economic location and terrain location were used as geographic location variables to identify the influencing factors of FLS evolution. The geographic location indicators selected are not meticulous enough, resulting in the need for the accuracy of the influencing factor identification result to be further improved. Therefore, an effective way to improve the accuracy of the research results is through selecting more detailed geographic location indicators such as altitude, slope, traffic accessibility, and market location to analyze the influencing factors of the evolution of FLS. In addition, the analytical framework still has room for expansion in terms of influencing factor selection and research content. This is an area that is currently being worked on, and this will continue in order to incorporate more detailed influencing factors from multiple aspects, and to explore the comprehensive impact of the interactions among influencing factors on the evolution and development of FLS. Moreover, in the context of drastic changes in the global environment, the development of FLS is affected by many factors, such as climate change, policy changes, and production technology innovations. Therefore, combining the actual situation of regional development and exploring the development of FLS from the perspective of multiple factors is an important direction to promote relevant research and achieve breakthroughs.





6. Conclusions


This study shows that the evolution of FLS in the study area has obvious non-crop and non-agricultural directions. Geographic location and livelihood capital have a significant impact on the evolution of FLS. Differences in economic location and terrain location lead to differences in the resource endowment and industrial environment for regional livelihood development, which, in turn, makes the evolution of FLS in different economic sub-regions and terrain sub-regions follow two different evolution paths: the progressive path, and the jump path. The difference in livelihood capital leads to the differentiation of FLS options, which, in turn, promotes the dynamic evolution of FLS. Natural capital still has an important influence on the evolution of FLS, and is the basis for the development of CPLS and APLS. Social capital and financial capital play an important supporting role in the formation and development of APLS. Conversely, a lack of natural capital and social capital shifts FLS towards the direction of non-agricultural work. The results of the case study are representative the development of FLS and reflect the characteristics of trends in the development of FLS on the Loess Plateau. The analytical framework is applicable to the Loess Plateau and other regions to a certain extent.
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Table A1. The general situation of farmers’ livelihood capital in different periods.






Table A1. The general situation of farmers’ livelihood capital in different periods.





	
Period

	
Livelihood Capital

	
Index

	
Loess Gully Region

	
Loess Ridge Region

	
Loess Tableland Region




	
Max

	
Min

	
Mean

	
Std

	
Max

	
Min

	
Mean

	
Std

	
Max

	
Min

	
Mean

	
Std






	
2018

	
Nature capital

	
Cultivated land area

	
8.50

	
0.50

	
2.05

	
1.55

	
8.00

	
0.40

	
2.47

	
1.81

	
6.50

	
0.17

	
1.48

	
0.95




	
Garden area

	
2.50

	
0.00

	
0.38

	
0.56

	
2.50

	
0.00

	
0.48

	
0.47

	
2.50

	
0.00

	
0.62

	
0.47




	
Human capital

	
Labor force

	
100.00

	
0.00

	
73.88

	
28.80

	
100.00

	
0.00

	
75.08

	
26.27

	
100.00

	
0.00

	
70.75

	
23.16




	
Education level

	
3.75

	
1.00

	
2.29

	
0.63

	
4.00

	
1.00

	
2.43

	
0.79

	
4.67

	
1.00

	
2.41

	
0.72




	
Physical capital

	
Production and living materials

	
10.00

	
1.00

	
5.20

	
1.85

	
9.00

	
2.00

	
6.26

	
1.57

	
10.00

	
1.00

	
6.08

	
1.91




	
Financial capital

	
Credit opportunities

	
1.00

	
0.00

	
0.52

	
0.50

	
1.00

	
0.00

	
0.56

	
0.50

	
1.00

	
0.00

	
0.66

	
0.47




	
Loan opportunities

	
10.00

	
0.00

	
3.75

	
2.61

	
13.00

	
0.00

	
4.13

	
2.89

	
10.00

	
0.00

	
3.99

	
2.38




	
Social capital

	
Social network

	
1.00

	
0.00

	
0.10

	
0.30

	
1.00

	
0.00

	
0.13

	
0.34

	
1.00

	
0.00

	
0.17

	
0.38




	
Neighborhood trust

	
1.00

	
0.00

	
0.71

	
0.23

	
1.00

	
0.25

	
0.80

	
0.16

	
1.00

	
0.00

	
0.74

	
0.22




	
Training opportunities

	
5.00

	
0.00

	
0.63

	
1.04

	
4.00

	
0.00

	
0.62

	
0.94

	
8.00

	
0.00

	
1.49

	
1.58




	
2010

	
Nature capital

	
Cultivated land area

	
8.50

	
0.50

	
1.69

	
1.17

	
6.67

	
0.30

	
2.40

	
1.64

	
4.33

	
0.17

	
1.34

	
0.77




	
Garden area

	
2.00

	
0.00

	
0.30

	
0.40

	
1.33

	
0.00

	
0.42

	
0.36

	
2.50

	
0.00

	
0.59

	
0.45




	
Human capital

	
Labor force

	
100.00

	
25.00

	
67.24

	
24.03

	
100.00

	
20.00

	
66.73

	
21.15

	
100.00

	
0.00

	
64.92

	
21.65




	
Education level

	
4.58

	
0.52

	
1.96

	
0.79

	
3.75

	
0.88

	
2.06

	
0.77

	
4.23

	
0.41

	
2.06

	
0.73




	
Physical capital

	
Production and living materials

	
9.00

	
0.00

	
3.37

	
1.71

	
6.00

	
1.00

	
3.62

	
1.35

	
8.00

	
1.00

	
3.69

	
1.48




	
Financial capital

	
Credit opportunities

	
1.00

	
0.00

	
0.72

	
0.45

	
1.00

	
0.00

	
0.74

	
0.44

	
1.00

	
0.00

	
0.72

	
0.45




	
Loan opportunities

	
10.00

	
0.00

	
3.77

	
2.55

	
13.00

	
0.00

	
3.62

	
2.57

	
10.00

	
0.00

	
3.79

	
2.32




	
Social capital

	
Social network

	
1.00

	
0.00

	
0.10

	
0.30

	
1.00

	
0.00

	
0.10

	
0.31

	
1.00

	
0.00

	
0.16

	
0.37




	
Neighborhood trust

	
1.00

	
0.00

	
0.73

	
0.20

	
1.00

	
0.25

	
0.78

	
0.20

	
1.00

	
0.00

	
0.75

	
0.21




	
Training opportunities

	
2.00

	
0.00

	
0.52

	
0.79

	
5.00

	
0.00

	
0.56

	
1.12

	
6.00

	
0.00

	
1.00

	
1.21




	
2000

	
Nature capital

	
Cultivated land area

	
8.50

	
0.50

	
1.69

	
1.18

	
6.67

	
0.30

	
2.41

	
1.64

	
4.20

	
0.17

	
1.31

	
0.89




	
Garden area

	
2.00

	
0.00

	
0.29

	
0.40

	
1.33

	
0.00

	
0.42

	
0.36

	
2.00

	
0.00

	
0.64

	
0.49




	
Human capital

	
Labor force

	
100.00

	
25.00

	
67.38

	
23.71

	
100.00

	
20.00

	
66.73

	
21.15

	
100.00

	
33.33

	
62.49

	
23.05




	
Education level

	
3.64

	
0.39

	
1.49

	
0.64

	
2.86

	
0.40

	
1.48

	
0.58

	
2.45

	
0.53

	
1.59

	
0.47




	
Physical capital

	
Production and living materials

	
7.00

	
0.00

	
2.52

	
1.31

	
6.00

	
0.00

	
2.69

	
1.36

	
5.00

	
1.00

	
2.62

	
0.82




	
Financial capital

	
Credit opportunities

	
1.00

	
0.00

	
0.63

	
0.49

	
1.00

	
0.00

	
0.72

	
0.46

	
1.00

	
0.00

	
0.62

	
0.49




	
Loan opportunities

	
8.00

	
0.00

	
3.65

	
2.22

	
13.00

	
0.00

	
3.62

	
2.51

	
10.00

	
1.00

	
3.65

	
1.91




	
Social capital

	
Social network

	
1.00

	
0.00

	
0.10

	
0.30

	
1.00

	
0.00

	
0.08

	
0.27

	
1.00

	
0.00

	
0.18

	
0.39




	
Neighborhood trust

	
1.00

	
0.00

	
0.72

	
0.22

	
1.00

	
0.50

	
0.81

	
0.18

	
1.00

	
0.25

	
0.76

	
0.19




	
Training opportunities

	
2.00

	
0.00

	
0.42

	
0.77

	
5.00

	
0.00

	
0.56

	
0.99

	
3.00

	
0.00

	
0.62

	
0.95




	
1990

	
Nature capital

	
Cultivated land area

	
8.50

	
0.57

	
1.72

	
1.17

	
6.67

	
0.33

	
2.52

	
1.54

	
6.00

	
0.17

	
1.40

	
0.88




	
Garden area

	
2.00

	
0.00

	
0.31

	
0.41

	
1.50

	
0.00

	
0.47

	
0.43

	
2.50

	
0.00

	
0.61

	
0.47




	
Human capital

	
Labor force

	
100.00

	
25.00

	
66.87

	
24.07

	
100.00

	
25.00

	
68.47

	
23.19

	
100.00

	
0.00

	
62.57

	
22.13




	
Education level

	
3.00

	
0.20

	
1.21

	
0.51

	
2.50

	
0.67

	
1.42

	
0.50

	
6.33

	
0.25

	
1.41

	
0.65




	
Physical capital

	
Production and living materials

	
4.00

	
0.00

	
1.52

	
0.95

	
4.00

	
0.00

	
1.69

	
0.83

	
4.00

	
0.00

	
1.65

	
0.88




	
Financial capital

	
Credit opportunities

	
1.00

	
0.00

	
0.47

	
0.50

	
1.00

	
0.00

	
0.67

	
0.48

	
1.00

	
0.00

	
0.57

	
0.50




	
Loan opportunities

	
10.00

	
0.00

	
3.25

	
2.45

	
13.00

	
0.00

	
2.67

	
2.59

	
10.00

	
0.00

	
2.96

	
2.50




	
Social capital

	
Social network

	
1.00

	
0.00

	
0.03

	
0.18

	
1.00

	
0.00

	
0.08

	
0.27

	
1.00

	
0.00

	
0.13

	
0.33




	
Neighborhood trust

	
1.00

	
0.00

	
0.75

	
0.21

	
1.00

	
0.25

	
0.79

	
0.18

	
1.00

	
0.00

	
0.76

	
0.21




	
Training opportunities

	
2.00

	
0.00

	
0.32

	
0.70

	
2.00

	
0.00

	
0.21

	
0.47

	
5.00

	
0.00

	
0.54

	
0.96
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Table A2. The overall fitting effect of binary logistic regression.






Table A2. The overall fitting effect of binary logistic regression.





	
Livelihood Strategy

Type

	
Period

	
Model Chi-Square

	
Model p

Value

	
Nagelkerke

R-Square






	
Crop-planting livelihood strategy (CPLS)

	
1990

	
39.133

	
0.000

	
0.258




	
2000

	
41.341

	
0.000

	
0.308




	
2018

	
22.124

	
0.036

	
0.383




	
Apple-planting livelihood strategy (APLS)

	
1990

	
39.133

	
0.000

	
0.298




	
2000

	
59.016

	
0.000

	
0.305




	
2010

	
63.063

	
0.000

	
0.331




	
2018

	
52.521

	
0.000

	
0.388




	
Work-oriented livelihood strategy (WOLS)

	
2000

	
37.068

	
0.000

	
0.297




	
2010

	
53.874

	
0.000

	
0.277




	
2018

	
54.078

	
0.000

	
0.281




	
Part-time comprehensive livelihood strategy (PTLS)

	
2000

	
39.133

	
0.000

	
0.258




	
2018

	
25.976

	
0.011

	
0.159
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Figure 1. Analytical framework for FLS evolution. 
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Figure 2. Location of the study site on the Loess Plateau, China. 
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Figure 3. Changes in the rural crop structure in Changwu County. 
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Figure 4. Changes in the rural employment structure in Changwu County. 
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Figure 5. The FLS composition of households surveyed in different economic sub-regions in different periods. 
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Figure 6. The FLS composition of households surveyed in different terrain sub-regions in different periods. 
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Figure 7. The evolution path of leading livelihood strategy. 
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Figure 8. Mechanism of the factors influencing FLS evolution. 
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Table 1. The classification criteria for FLS.
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	Livelihood Strategies
	Livelihood Activity Portfolio
	Income Structure





	Crop-planting livelihood strategy (CPLS)
	Crop cultivation and other activities
	Income from crop cultivation accounts for more than 50% of the total annual household income.



	Apple-planting livelihood strategy (APLS)
	Apple cultivation and other activities
	Income from apple cultivation accounts for more than 50% of the total annual household income.



	Work-oriented livelihood strategy (WOLS)
	Non-agricultural work and other activities
	Income from non-agricultural work accounts for more than 50% of the total annual household income.



	Part-time comprehensive livelihood strategy (PTLS)
	Crop and apple cultivation, non-agricultural work, and other activities
	Family engaged in at least two livelihood activities, and the proportion of the family’s total annual income from each livelihood activity is not more than 50%.
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Table 2. Independent variables used in the binary logistic regression.
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	Dimension
	Variable
	Description





	Geographic

location
	Economic location
	According to the industrial layout and economic development of Changwu County, the economic areas can be divided into the economic fringe region and economic core region: economic fringe region = 1, economic core region = 2.



	
	Terrain location
	The terrain of Changwu County is mainly divided into three types: loess ridge, loess tableland, and loess gully, and the values were assigned according to the quality of the regional agricultural production conditions: loess gully region = 1, loess ridge region = 2, loess tableland region = 3.



	Natural capital
	Cultivated land area
	Per capita cultivated area: the ratio of actual cultivated area to the total number of household members.



	
	Garden area
	Per capita garden area: the ratio of actual garden area to the total number of household members.



	Human capital
	Labor force
	The proportion of laborers per household: the ratio of laborers (16–65 years old) to total household members.



	
	Education level
	Per capita years of education: the ratio of total years of family education to the total number of household members.



	Physical capital
	Production and living materials
	The number of main production and living tools owned by a household selected by the farmer from the questionnaire.



	Financial capital
	Credit opportunities
	Binary variable representing bank lending opportunities according to whether a bank loan can be obtained: yes = 1, no = 0.



	
	Loan opportunities
	The number of people who can lend the family money.



	Social capital
	Social network
	Binary variable representing whether someone in the family works in a government department: yes = 1, no = 0.



	
	Neighborhood trust
	Trust in neighbors on a five-point scale.



	
	Training opportunities
	The level of production skills training that farmers can receive.
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Table 3. Logistic regression analysis results of the factors influencing FLS.
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Livelihood Strategies

	
Period

	
Independent Variable

	
Regression Coefficient

(B)

	
Standard Error

(SE)

	
Wald

	
Significance

(Sig)

	
Odds Ratio

Exp (B)






	
CPLS

	
1990

	
Training opportunity

	
−0.872

	
0.218

	
16.038

	
0.000

	
0.418




	
2000

	
Garden area

	
−1.629

	
0.676

	
5.815

	
0.016

	
0.196




	

	
Production and living materials

	
−0.709

	
0.257

	
7.588

	
0.006

	
0.492




	

	
Loan opportunities

	
−0.273

	
0.127

	
4.639

	
0.031

	
0.761




	
2018

	
Cultivated land area

	
0.796

	
0.392

	
4.116

	
0.042

	
2.216




	

	
Economic location

	
−2.328

	
1.138

	
4.185

	
0.041

	
0.097




	
APLS

	
1990

	
Training opportunities

	
0.872

	
0.218

	
16.038

	
0.000

	
2.392




	
2000

	
Garden area

	
1.752

	
0.473

	
13.726

	
0.000

	
5.764




	

	
Training opportunities

	
0.578

	
0.181

	
10.188

	
0.001

	
1.783




	
2010

	
Garden area

	
2.268

	
0.514

	
19.454

	
0.000

	
9.659




	

	
Training opportunities

	
0.404

	
0.150

	
7.286

	
0.007

	
1.498




	
2018

	
Garden area

	
1.972

	
0.581

	
11.521

	
0.001

	
7.187




	

	
Education level

	
−0.882

	
0.368

	
5.740

	
0.017

	
0.414




	

	
Loan opportunities

	
0.228

	
0.109

	
4.351

	
0.037

	
1.256




	

	
Terrain location

	
0.564

	
0.385

	
2.140

	
0.014

	
1.758




	
WOLS

	
2000

	
Training opportunities

	
−0.575

	
0.192

	
8.936

	
0.003

	
0.563




	
2010

	
Garden area

	
−1.407

	
0.436

	
10.418

	
0.001

	
0.245




	

	
Training opportunities

	
−0.407

	
0.148

	
7.509

	
0.006

	
0.666




	

	
Economic location

	
0.536

	
0.324

	
2.738

	
0.009

	
1.709




	
2018

	
Cultivated land area

	
−0.570

	
0.162

	
12.368

	
0.000

	
0.565




	

	
Garden area

	
−0.974

	
0.404

	
5.796

	
0.016

	
0.378




	

	
Terrain location

	
−0.453

	
0.210

	
4.677

	
0.031

	
0.636




	
PTLS

	
2000

	
Training opportunities

	
−0.872

	
0.218

	
16.038

	
0.000

	
0.418




	
2018

	
Cultivated land area

	
0.319

	
0.134

	
5.705

	
0.017

	
1.376
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