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Introduction: Different land use patterns affect access to ecosystem services as well as differences in farmers’ well-being. 
Methods: The Loess Plateau, which has a fragile ecological environment, was chosen as the study region. On the one hand, information on the importance and accessibility of ESs, as well as the subjective and objective well-being of farmers, was obtained through semistructured interviews and questionnaires. On the other hand, regional differences for the impact of ESs on the well-being of farmers were explored based on a structural equation model.
Results: The results indicated that the impact of ESs on farmers’ well-being was crucial for all three village types, but the extent of the impact varied, and the key ESs varied across villages. For hilly villages and gully villages, crops and firewood were the two common ES types that were important. However, water conservation was the key ES type for farmers in hilly villages, and pest control was the key ES type for farmers in gully villages. Fruits, water conservation and recreation were the key ES types in the river villages.
Discussion: A focus on the regional differences for the impacts of ESs on farmers’ well-being is meaningful for policy practice. We can contribute to farmers’ well-being by optimising land use allocation and land ecological control to improve their ES access in different regions, which is effective in differentiating and enhancing the sustainability of different regions.
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1 INTRODUCTION
Ecosystem services (ESs) refer to a variety of material and nonmaterial benefits that people derive from ecosystems (Costanza et al., 2017), which contribute beneficially to both the objective and subjective dimensions of human wellbeing (Cruz-Garcia et al., 2017). The Millennium Ecosystem Assessment (Millennium Ecosystem Assessment, 2005) has enabled several scholars to show the significant impact of ESs on human wellbeing through empirical studies (Hou et al., 2014; Hossain et al., 2017). However, most of these researchers have focused on the overall ESs and human wellbeing of a region, ignoring regional differences and thus reducing the efficiency of policy management to the detriment of regional sustainable ecosystem management (Daw et al., 2011). Currently, the exploration of regional differences in the impacts of ESs on human wellbeing is a pressing issue; it is the key to understanding the dynamics and differentiation of socioecological systems in a region and thus can contribute to the development of region-specific land management decisions (Castro et al., 2016).
Over the past decade, researchers have endeavoured to study the relationship between ESs and wellbeing at the microindividual scale to incorporate the needs of different beneficiaries into land management and policies (Oteros-Rozas et al., 2014; Ma et al., 2016). However, microscale ES and human wellbeing studies have mostly focused on assessing the importance of ESs (Lau et al., 2018; Ali et al., 2020), as well as objective dimensions (Robinson et al., 2019) or subjective dimensions of human wellbeing (Huang et al., 2020). Currently, very few studies have simultaneously addressed both multiattribute assessments of ESs and integrated assessments of subjective and objective dimensions of wellbeing. This is clearly detrimental to a complete understanding of the impact of ESs on human wellbeing. On the one hand, importance assessments of ESs at the microscale reflect the expectations and needs for ESs (Scholte et al., 2015; Zoderer et al., 2019); however, these assessments cannot sufficiently represent the ways in which specific ES types effectively influence and contribute to individual wellbeing (Abunge et al., 2013; Liu et al., 2022). For example, firewood was a highly demanded ES type for forest community farmers in Nepal. However, there were significant differences in the accessibility of firewood among farmers due to different divisions of power in the community, which led to different wellbeing outcomes (Chaudhary et al., 2018). Therefore, our goal is to correlate the importance and accessibility of ESs to more effectively assess the true demand and use of ESs at the individual level. There is a lack of research in this area. On the other hand, the study of human wellbeing at large scales makes it difficult to obtain a complete understanding of wellbeing, especially in assessing subjective wellbeing (Leviston et al., 2018; Wang et al., 2021). The microscale provides an effective yardstick for a deeper understanding of the multidimensionality and social differentiation of wellbeing (Costanza et al., 2014). However, even when operationalized at the microscale, researchers have focused mostly on the impact of ESs on objective wellbeing (Jones et al., 2019) or on subjective wellbeing (Iniesta-Arandia et al., 2014; Wei et al., 2018; Huang et al., 2020). Such one-dimensional impact studies prevent us from understanding the complete contribution of ESs to wellbeing; thus, comprehensive assessments of both objective and subjective wellbeing are necessary to facilitate this understanding (Smith et al., 2013; Agarwala et al., 2014). However, few studies have been conducted to effectively explore the effects of ESs on subjective and objective wellbeing.
Individual levels of ES use and wellbeing vary significantly across regions (Wang et al., 2017; Wei et al., 2018), which leads to regional differences in the impact of ESs on wellbeing (Hicks and Cinner, 2014; Oteros-Rozas et al., 2017). For example, rural populations in the Andean region place more importance on provisioning services (food and water), while urban residents have a greater preference for cultural services related to education and recreation (Aguado et al., 2018). Residents of remote rural areas in Scotland have significantly greater subjective wellbeing than do near-urban rural residents (Gilbert et al., 2016). Urban residents in arid catchments prefer basic physical materials, while rural residents are more satisfied with their safety and health (Yang et al., 2019). In addition, more studies have shown that the more dependent a community is on ecosystems, the greater the impact and contribution of its residents’ ES on wellbeing (Robinson et al., 2019; Kibria et al., 2022). Numerous studies have provided initial insights into regional differences in ESs and human wellbeing, but most of the research on regional differences for the impact of ESs on human wellbeing has been qualitative. Due to its ability to explain the relationships between latent variables, the structural equation model provides an opportunity for the studies in this paper (Santos-Martín et al., 2013; Qiu et al., 2022) to improve the quantitative understanding of the regional differences in the impact of ESs on wellbeing.
In this study, three types of villages within Mizhi County on the Loess Plateau of China were used to represent three types of regions, and regional differences for the impact of ESs on farmers’ wellbeing were analysed. First, we assessed the importance and accessibility of ESs and the subjective and objective wellbeing of farmers through questionnaires and face-to-face interviews. Second, we analysed regional differences in ES use levels and farmers’ wellbeing levels. Finally, a structural equation model was used to reveal regional differences in the impact of ESs on wellbeing. The results of this study help us to further understand ES use and its impact on farmers’ wellbeing in different regions to provide some effective ideas and measures for differentiated sustainable ecosystem management.
2 MATERIALS AND METHODS
2.1 Study area
Mizhi County in Shaanxi Province, China, is used as the study area in this paper. This area is in the centre of the Loess Plateau and is a typical loess hilly and gully region (Figure 1). Climatically, Mizhi County has a temperate semiarid climate with low annual precipitation, which averages 451 mm. The distribution of precipitation is very uneven within the year; there are many heavy rainfall events in summer, and droughts and floods occur occasionally. Local farmers use the phrase “nine droughts in 10 years” to describe the local climate, which severely limits agricultural development. The Loess Plateau is one of the most severely eroded areas in the world, especially in the loess hilly and gully region. In abnormal years, landslides and flash floods are frequent in the region, seriously affecting farmers’ agricultural practices while threatening their personal and property safety. Local farmers are mainly dependent on various types of benefits derived from agro-ecosystems. The cultivation of dry season crops such as cereals, maize, potatoes, and red beans and the breeding of livestock such as goats and pigs are the most important sources of livelihoods for farmers and greatly contribute to their wellbeing. In recent years, the growth of apple orchards has also provided ways for farmers to improve their livelihoods. Furthermore, ecological compensation is an effective policy for the Chinese government to address land degradation, which has produced a large forest area. Farmers obtain firewood and food from these forests, which also improves their wellbeing.
[image: Figure 1]FIGURE 1 | Overview of the study area and spatial distribution of sample villages.
The research group spent nearly 10 years engaged in fieldwork in Mizhi County, during which time they found that the region contains typical and rich topographic units and landscapes of the Loess Plateau. According to the differences in topography and land use types, Mizhi County can be roughly divided into hilly regions, gully regions, and river regions (Figure 1), leading to large differences in natural and socioeconomic conditions among villages (Table 1). In this paper, the sample villages were selected through stratified sampling of different village types. According to the differences in economic development and demographic structure, we selected 14 villages in the hilly region, 14 villages in the gully region, and 13 villages in the river region. The different village types reflect different land use patterns, which can have a strong impact on ES preferences and access, as well as on the level of farmers’ wellbeing. Therefore, we focus on the differences in ESs and farmers’ wellbeing levels due to village differences and reveal the variability in the processes by which ESs affect farmers’ wellbeing.
TABLE 1 | Classification of villages in the study area under the three land use patterns.
[image: Table 1]2.2 Survey methodology
The research data for this paper came from social surveys conducted in October 2020 and July 2021 by the research group. Six and eight postgraduate students were involved in data collection during the two periods, respectively. The questionnaire survey was completed through random sampling of farmers in these villages. Because of the time required to complete the questionnaire, the researcher randomly selected farmers in each village who were willing to participate in the questionnaire survey. Although the questionnaire survey was conducted at the individual level, our sampling unit was the farm household, i.e., one household per survey form (Aguado et al., 2018).
The questionnaire consisted of three main parts. The first part assessed the importance and accessibility of ESs. ESs were assessed through Likert scales and picture information methods and contained some open questions. The second part assessed farmers’ wellbeing, including objective wellbeing assessment based on human needs theory and subjective wellbeing assessment based on the SWLS-5 scale and GHQ-12 scale. The third part collected information on demographic characteristics, including sex, age, education, and health status (Table 2). To facilitate the comparison of results between topographic regions, we used the same ES types and wellbeing dimensions for all farmers.
TABLE 2 | Demographic characteristics of participating farm households in different types of villages.
[image: Table 2]2.2.1 ES assessment
Farmers on the Loess Plateau rely heavily on various types of ESs because they contribute significantly to their wellbeing (Liu et al., 2022). The determination of ES types in this paper followed the generalized ES classification criteria of MA (MA et al., 2016). At the same time, we fully considered the actual situation of local agroecosystems while selecting the ES types obtained in the initial survey in July 2019 during interviews with farmers. Finally, six provisioning services, three regulating services and two cultural services were identified. Due to the similarity between supporting services and regulating services, as well as the fact that most of the ES types were difficult for the respondents to understand, we did not assess support services, considering the efficiency of the assessment (Ciftcioglu, 2017b). Provisioning services include crops, fruits, livestock, firewood, fodder, and wild food; regulating services include soil conservation, water conservation, and pest control; and cultural services include aesthetics and recreation (Table 3).
TABLE 3 | Observed variables for the structural equation model.
[image: Table 3]This paper assessed the importance and accessibility of ESs. The importance of an ES reflects a farmer’s preference for a particular ES, while the accessibility of an ES reflects how easy it is for a farmer to access that ES (Abunge et al., 2013). Most previous studies have focused on the importance of certain ESs (Martín-López et al., 2014; Scholte et al., 2015), with little attention given to whether these ESs are accessible, leading to high estimates of ES contributions to wellbeing. For example, the fact that most farmers recognize the importance of crops does not mean that their contribution to wellbeing is obvious. Because access to crops is influenced by climate, the contribution of crops to farmers’ wellbeing is very limited in anomalous years (Liu et al., 2022). To express the contribution of ESs to wellbeing more scientifically, we constructed an ES importance-accessibility index to express the level of ES use by farmers (Eq. 1). The formula is as follows:
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where [image: image] is the importance-accessibility index of class i ES, which takes the value of [1,5], and Imi and Aci are the importance and accessibility values of class i ES, which take the value of [1, 5], respectively.
The rating method for ESs is considered a valid method for assessing ES preferences and perceptions on an individual scale (Shi et al., 2020a). The assessment method consists of three steps. First, animated picture cards containing information about Ess were shown and explained to the interviewed farmers by the researcher before they were rated. The local area is relatively poor, and the education level of the farmers is generally low; these factors contribute to the lack of a deep understanding of ESs. The visual information expressed through the pictures ensured that the farmers could well understand the meaning of ESs and the differences between types (Jones et al., 2019). Second, the researchers guided the farmers to place the picture cards according to the Likert scale. On the ES importance scale, one represents the least important type of ES, and five represents the most important type of ES; on the ES accessibility scale, one represents the hardest type of ES to access, and five represents the easiest type of ES to access. The researchers then collected the scores and coded the results. Finally, they conducted semistructured interviews with the respondents based on the results. The farmers were asked why some ESs were very important and why certain ESs were difficult to access. The whole scoring process and interview lasted approximately 20 min.
2.2.2 Assessment of farmers’ wellbeing
Human wellbeing is a comprehensive and multidimensional concept that is an objective expression of an individual’s current life situation; it also indicates the individual’s subjective perceptions and feelings (King et al., 2014). The characterization of human wellbeing through objective and subjective wellbeing has been validated by many scholars (Agarwala et al., 2014).
Objective wellbeing is a comprehensive concept characterizing the dimensions of people’s objective living conditions, economic level, and social relations (Smith et al., 2013) and has been developed in studies such as the Human Development Index (HDI) (Liu et al., 2018), capacity theory (Sangha et al., 2015), human needs theory (Robinson et al., 2019) and other effective assessment frameworks. Among them, human needs theory provides a viable approach for quantifying objective wellbeing due to its multidimensional needs assessment perspective (Summers et al., 2012; Chaigneau et al., 2019). Based on the actual situation of farmers in the study area, this paper constructed a system of objective wellbeing indicators for farmers (Table 3). Basic needs comprise a list of “necessities” that provide individuals with essential elements for survival and development (O'Neill et al., 2018). In this paper, basic needs were characterized through three elements: nutrition, energy, and housing. Economic needs are described as the degree to which individuals are satisfied with the level of economic resources they have and are characterized by income adequacy (Folbre, 2009). Currently, annual per capita income remains the main indicator characterizing farmers’ wellbeing in economically deprived areas (Mahajan and Daw, 2016). Social needs reflect the extent to which people demand noneconomic factors (Smith et al., 2013); in this study, the focus was on assessing the leisure needs of farmers. Leisure needs represent the ability of farmers to satisfy their own social interactions via connections with others in leisure activities (Dou et al., 2020) and are a key component of social needs. Environmental needs are the degree to which farmers are satisfied with the ability of their surroundings to support their survival and development (Yang et al., 2018); in this study, the focus was on assessing personal safety.
Subjective wellbeing refers to farmers’ satisfaction with their life status as well as their own emotional state, which has both cognitive and affective dimensions (King et al., 2014; Costanza et al., 2017). In studies of ESs and human wellbeing, most characterizations of subjective wellbeing involve only the cognitive dimension, i.e., life satisfaction. In this study, the common Life Satisfaction Scale and Emotional Wellbeing Scale were used to characterize the cognitive and affective dimensions, respectively.
2.3 Data analysis
2.3.1 Means comparison
One-sample analysis of variance (ANOVA) was used to test the significance of differences in ES importance, accessibility, objective wellbeing, and subjective wellbeing among farmers in different villages. Multiple comparisons were performed on the groups that passed the significance test. We used the Scheffe method of multiple comparison analysis for two-by-two comparisons of ES importance, accessibility, objective wellbeing, and subjective wellbeing of farmers in different villages to determine the significance of differences between groups (Radford and James, 2013). Both one-sample variance and the Scheffe method were tested in SPSS 22.0 statistical software.
2.3.2 Structural equation model
The effect of ESs on human wellbeing in this paper refers to the process by which the type and amount of ESs in a local agroecosystem contribute to farmers’ wellbeing (Wang et al., 2021). To this end, in this paper, an analytical framework for determining the contribution of the ESs to human wellbeing was designed (Figure 2). Because the effects of ESs on objective and subjective wellbeing are different, farmers’ wellbeing is decomposed into objective and subjective wellbeing (Iniesta-Arandia et al., 2014; Hossain et al., 2017). Figure 2 shows that the latent variables have a unidirectional influence on each other. First, farmers’ demographic characteristics are key factors influencing their development of livelihood strategies and, consequently, their access to ESs and human wellbeing (Daw et al., 2016; Berbés-Blázquez et al., 2017). For example, studies have shown that with increasing education level, more attention will be given to the value of therapeutics (Shi et al., 2020), residents in good health will also have greater objective wellbeing (Yang et al., 2018), and young people will have greater subjective wellbeing than older people (Fang et al., 2024). Second, the type and amount of ESs accessed by farmers influence both the objective and subjective dimensions of farmers’ wellbeing (Jones et al., 2019). For example, farmers have gained many economic benefits in the ecosystem, which is beneficial to many dimensions of objective wellbeing (Robinson et al., 2019). Moreover, studies have shown that the water conservation level will affect the subjective wellbeing of local elderly groups (Huang et al., 2020). Third, objective wellbeing has a direct and significant impact on subjective wellbeing (Schwanen and Wang, 2014). For example, income has a direct positive effect on quality of life and happiness (Mark et al., 2016).
[image: Figure 2]FIGURE 2 | Pathways through which ESs impact farmers’ wellbeing.
Therefore, based on the literature supporting the research questions, six research hypotheses on the impact of ESs on human wellbeing are proposed in this paper. The hypotheses are as follows: H1: farmers’ ESs have a direct positive effect on farmers’ objective wellbeing; H2: farmers’ ESs have a direct positive effect on farmers’ subjective wellbeing; H3: farmers’ objective wellbeing has a direct positive effect on farmers’ subjective wellbeing; H4: farmers’ demographic characteristics have a direct positive effect on farmers’ ESs; H5: farmers’ demographic characteristics have a direct positive effect on farmers’ objective wellbeing; H6: farmers’ demographic characteristics have a direct positive effect on farmers’ subjective wellbeing.
The impact of farmers’ ESs on their wellbeing is a unidirectional relationship between multivariate groups, and traditional correlation analysis and typical correlation analysis cannot solve the unidirectional relationship between multiple groups of variables, which is the greatest advantage of the structural equation model (SEM) (Santos-Martín et al., 2013; Qiu et al., 2022). SEM is a multivariate statistical method used to analyse the complex relationships among variables based on covariance matrices; this method integrates various methods, such as linear regression analysis, factor analysis, and path analysis, and can be used to reveal multicausal linkages and intervariable relationships. SEM includes 1) a measurement model, which reflects the quantitative relationship between the observed variables and the corresponding latent variables, and 2) a structural model, which reflects the structural relationship between latent variables. The matrix equation for the measurement model is as follows (Eq. 2):
[image: image]
where Χ and Y are exogenous and endogenous explicit variables, respectively; Λx is the factor loading of the variable Χ on ω; Λy is the factor loading of the Y variable on η; δ and ε are the errors of the Χ and Y variables, respectively; η is the endogenous latent variable; and ω is the exogenous latent variable. The matrix equation for the structural model is as follows (Eq. 3):
[image: image]
where η is the endogenous latent variable, ω is the exogenous latent variable, α is the matrix of structural coefficients of the endogenous latent variable, β is the matrix of structural coefficients between the exogenous latent variable and the endogenous latent variable, and γ is the residual of the structural equation.
An initial model was established based on the research hypotheses. The farmers’ demographic characteristics were taken as exogenous latent variables; ESs, farmers’ objective wellbeing, and subjective wellbeing were taken as endogenous latent variables; and observational variables were set for the latent variables, constituting a structural equation model containing four latent variables and 23 observational variables (Figure 3). The calculations of the observational variables are shown in Table 2.
[image: Figure 3]FIGURE 3 | Initial model of the impact of ESs on farmers’ wellbeing.
3 RESULTS
3.1 Regional differences in ES and farmers’ wellbeing
3.1.1 Regional differences in ESs
The importance, accessibility and regional differences of farmers’ ESs in the ESIA are shown in Figure 4. The results of the one-sample ANOVA test showed that the importance and accessibility of all ES types were significantly different among villages, except for the importance of pest control (p = 0.659) and accessibility of recreation (p = 0.530). The results of the ES importance showed that three types of ESs, crop, fruit, and soil conservation, were the most important in the hilly villages. Pest control, although also highest in hilly villages, did not differ significantly from that in the other two villages. The importance of five types of ESs—livestock, fuel wood, fodder, wild food, and water conservation—was highest in gully villages. The cultural service categories of aesthetics and recreation were both highest for river villages, but many of the ES types in river villages had the lowest importance in comparison with other villages. In terms of ES accessibility, only the accessibility of fodder, aesthetics and recreation was highest in the gully villages, but the accessibility of recreation did not differ significantly among the villages. Moreover, the accessibility of five types of ESs, namely, livestock, fuel wood, wild food, soil conservation and pest control, was greater in gully villages than in the other two categories. Finally, crops, fruits, and water conservation had the highest accessibility in the riverine villages. The importance and accessibility of ESs were integrated into an index to obtain the ESIA. The ESIA for fodder, soil conservation, pest control and recreation scored the highest in the village comparison for hilly villages, but the difference in villages for recreation was not significant. The ESIA for the three ES types of livestock, fuel wood and wild food were the highest in gully villages. The ESIA indices for the four ES types of crops, fruits, water conservation, and aesthetics were the highest among the river villages.
[image: Figure 4]FIGURE 4 | Regional differences in the farmers’ importance and accessibility of ESs.
3.1.2 Regional differences in farmers’ wellbeing
Regional differences in farmers’ wellbeing are illustrated in Figure 5. The results of the one-sample ANOVA test showed that all wellbeing indicators have significant village differences. Among the objective wellbeing indicators, the level of fulfilment of nutritional, energy, income and security needs of farm households in river villages was greater than that in hilly villages and gully villages. In the comparison of mean differences, the differences between the indicators of nutrition, energy, and income needs of farmers in river villages and those in hilly villages and gully villages were significant. The difference between the personal safety indicators of farmers in river villages and hilly villages was not significant, while the difference with gully villages was shown to be significant. The level of fulfilment of housing needs was greater in hilly villages than in gully villages and significantly lower in river villages. The results of the comparison of the means of the housing indicators revealed differences among the three indicators in terms of housing need fulfilment. The leisure needs of farmers in gully villages were greater than those in hilly villages and significantly greater than those in river villages. Farmers’ households in hilly villages and gully villages maintained similar leisure needs, and there were significant differences between them and farmers’ households in river villages. Subjective wellbeing consists of two indicators. The mean values of life satisfaction and emotional wellbeing of farmers in river villages were greater than those in hilly villages and gully villages. For life satisfaction, this difference is significant for both; for emotional health, the emotional health of farmers in river villages significantly differed from that of farmers in hilly villages, but the difference between their emotional health and that of farmers in gully villages was not significant.
[image: Figure 5]FIGURE 5 | Regional differences in farmers’ wellbeing.
3.2 Regional differences in the impact of ESs on farmers’ wellbeing
3.2.1 Model fit indices
The impact models for the different village types were run separately in AMOS 23.0 software. First, a first-order validation factor analysis was applied to each of the three models using maximum likelihood estimation to remove significant variables with insignificant factor loadings (C.R. < 1.96). The education variable (d3) was removed from the farmer model in hilly villages. Aesthetics (a10), age (d2), and education (d3) were removed from the farmer model in gully villages. Wild food (a6) and pest control (a9) were removed from the farmer model in the river villages. Subsequently, a secondary validation factor analysis was conducted for each model, followed by a fitness test based on the correction indices; the results are shown in Table 4. After connecting the model residuals one by one, most of the fit indices improved and met the fitness criteria. Subsequently, the initial conceptual models with nonsignificant significant variables of effect removed were run separately, and the fit of the models was corrected. Most of the fit indices of the corrected structural models met the fit criteria, and the model fit results were satisfactory.
TABLE 4 | Modified model fit indices.
[image: Table 4]3.2.2 Regional differences for the impacts of ESs on human wellbeing
The results of regional differences in the pathways of ES impact on human wellbeing are shown in Figure 6. The direct impact of demographic characteristics on farmers’ subjective wellbeing in hilly villages and gully villages is non-significant, so hypothesis H6 does not hold in these two models, and hypotheses H1-H5 hold. The direct effect of the demographic characteristics of farmers in river villages on ESs was not significant, so hypothesis H4 was not valid in the model of farmers in river villages, although hypotheses H1-H3 and H5-H6 were valid. The direct effect of ESs on subjective and objective wellbeing was significantly greater in hilly villages and gully villages than in river villages, and the direct effect of ESs on objective wellbeing was smaller than the direct effect on subjective wellbeing in all three models. The effect of objective wellbeing on subjective wellbeing was greatest in hilly villages, followed by gully villages and river villages. Regarding the effect of demographic characteristics, the effect of demographic characteristics on ESs was significantly greater for farmers in gully villages than for farmers in hilly villages. The direct effects of demographic characteristics on farmers’ objective wellbeing were all significant, and the direct effects were greater in gully villages than in hilly villages and greater in river villages. The direct effect of demographic characteristics on subjective wellbeing was significant only for farmers in river villages.
[image: Figure 6]FIGURE 6 | Regional differences in the pathways of ESs to human wellbeing.
Table 5 shows the regional differences in impact effects among the latent variables. There were some significant indirect effects in the influence process of the latent variables. First, the indirect effects of ESs on subjective wellbeing were all significant; that is, farmers increased the level of need for objective wellbeing by increasing ES, which in turn contributed to their subjective wellbeing, and the effect of this process was significantly greater in hilly villages and gully villages than in river villages. Second, demographic characteristics had some indirect effects on objective wellbeing, but the effects were weak and nonsignificant in the model for farmers in river villages. For hilly villages and gully villages, farmers’ demographic characteristics can improve their subjective wellbeing by increasing their objective wellbeing. Finally, the indirect effects of demographic characteristics on subjective wellbeing were significant and significantly greater in hilly villages and gully villages than in river villages. In both hilly villages and gully villages, the effects of demographic characteristics on the subjective wellbeing of farmers tended not to be direct but rather had an effect through ES acquisition and objective wellbeing fulfilment. In terms of total effects, the total effects were overall greater in hilly villages and gully villages than in river villages.
TABLE 5 | Regional differences in impact effects among latent variables.
[image: Table 5]Table 6 shows the factor contributions of the observed variables in the different village models. We defined indicators with higher factor contributions as key ESs. The types of key ES are significantly different across village types. Multiple types of provisioning services contribute differently to farmers’ wellbeing in different village types, except for the wild food service factor contribution in river villages, which is not significant. For example, farmers in hilly villages and gully villages significantly improved their wellbeing through crops, whereas the crop indicator in the model for farmers in river villages made a very limited contribution to their wellbeing. However, the factor contribution of fruits was highest in river villages and lowest in gully villages. Farmers also recognized the positive contribution of regulating services to human wellbeing. For example, for both hilly villages and river village farmers, water conservation was the key regulating service type that influenced their access to wellbeing, while pest control was the key regulating service type that influenced the wellbeing of gully village farmers. Cultural services also contributed to farmers’ wellbeing, and the contribution of recreation to wellbeing was significantly greater than that of aesthetics. Among the two types of cultural services, the factor values did not differ significantly between villages, except for the factor contribution of aesthetics in gully villages, which was not significant.
TABLE 6 | Regional differences for the factor contributions of the observed variables.
[image: Table 6]There were significant differences in the types of human wellbeing that were key to the different village models. For example, the contribution of nutritional needs to wellbeing was significantly greater for farmers in river villages than for those in the other two types of villages. At the same time, the factor contributions of energy needs, housing needs, and security needs were significantly lower in river villages than in the other two types of villages. The values of factor contributions to income needs and leisure needs were more consistent across the three villages. In terms of key objective wellbeing in the single model, the farmers’ key objective wellbeing in hilly villages was income, housing and energy; the farmers’ key objective wellbeing in gully villages was housing, income and personal safety; and the farmers’ key objective wellbeing in river villages was income, nutrition and housing. In terms of subjective wellbeing, the factor contribution of life satisfaction was significantly greater than that of emotional wellbeing and was more pronounced in the model of hilly village farmers.
4 DISCUSSION
4.1 Regional differences in ES and wellbeing
The spatial distribution of land use and land cover and its changes in ecologically fragile areas are the result of the natural geographic pattern of the region and the long-term transformation by farmers (Wang et al., 2021). On the one hand, natural geography creates regional differences in land use types, which is the primary consideration when selecting villages. On the other hand, the evolution of land use represents differences in the way farmers utilize local natural resources while reflecting different livelihood strategies. In this study, regional differences in land use patterns were represented by categorizing villages. Different village types represent regional differences in land use. In this section, we focus on the differences in the level of ES use and the level of farmers’ wellbeing caused by regional differences in land use patterns.
The results of the ES village comparisons revealed that hilly villages and gully villages had significantly greater preferences for most provisioning services than river villages did, which is similar to many ES studies on rural‒urban differences (Aguado et al., 2018; Seda Arslan et al., 2021), for example, crops, firewood, and fodder. The importance of fruits differed significantly in all three types of villages, mainly due to farmers’ biased understanding of the importance of fruits (Liu et al., 2022). Hilly villages favour growing mountain apples due to more terraced fields, which provides them with economic gains that make them favour fruit services. River villages, which are closer to the county, strongly recognize the nutritional value of fruits and the nutritional benefits they bring to them, making them more partial to fruit services. Accessibility is an interesting concept, and we found that certain very important types of ESs are not easy to access. For example, the high importance and low accessibility of crops are especially evident in hilly villages. Hilly villages are furthest from county towns and have the highest dependence of farmers on agriculture, making crops the most important for livelihoods. At the same time, hilly villages are mostly terraced and do not have access to irrigation, so the abundance of crops is directly related to the local climate, which makes them difficult to access. Of course, there are times when the importance and accessibility of ESs are synergistic. For example, firewood has the highest importance and the highest accessibility in gully villages. Much of the land in gully villages is covered by forestland and is affected by the policy of returning farmland to forest. Farmers in gully villages often collect firewood from forestland, which is an important non-remunerated benefit that can replace the use of coal and electricity, so firewood is important and accessible to them.
The ESIA relates the importance and accessibility of ESs together, thus expressing the level of ES use by farmers. For example, crops in Hilly Villages are the most important ES but are difficult to access compared with the other two villages, so its ESIA is medium; the same is true of recreation services. In other words, the ESIA corrects the overestimation problem of the past when only importance is assessed, so this method appears to be more accurate in the assessment process of the ES level received by farmers (Liu et al., 2022). The ESIA includes not only the demand of farmers for a certain ES but also the degree of farmers’ access to this ES (Abunge et al., 2013). Therefore, the ESIA can be used as a comprehensive indicator of farmers’ demand for and access to ESs to understand farmers’ use level of ESs.
Regional differences in farmers’ wellbeing are also evident. Most of the dimensions of farmers’ needs in river villages were greater than those in the other two types of villages, which can still be interpreted as a difference between urban and rural areas (Gilbert et al., 2016), e.g., income levels and personal safety dimensions. The former implies that the income level of farmers in river villages was significantly greater than that of farmers in the other two types of villages that are farther away from urban areas; the latter reflects the fact that the overall topography of river villages maintains the personal safety of local farmers. Objective wellbeing has a significant effect on subjective wellbeing, which has been confirmed in many studies (Agarwala et al., 2014). The farmers’ subjective wellbeing in the river villages where most of the needs were met in this study was also greater than that in the other two types of villages, although we did not perform a regression analysis.
4.2 Regional differences in ES impacts on wellbeing
The impact of ESs on human wellbeing is uncertain, and this impact varies by group and can also vary by region (Wei et al., 2018). For example, for population groups that do not rely on agricultural production, the impact of local ESs on their wellbeing is very limited. In urban areas, ESs do not contribute as much to human wellbeing as they do in rural areas (Aguado et al., 2018). In this section, we focus on differences in the impact of ESs on farmers’ wellbeing caused by differences in land use patterns.
The contributions of ESs to farmers’ wellbeing are significantly regionally different. Among the latent variables, ESs contribute the most to objective wellbeing for farmers in hilly villages, followed by gully villages and finally river villages. Farmers in hilly villages and gully villages are more dependent on income obtained from agricultural farming and have access to resources from forestland. This reflects the differences in the dependence of farmers on different land uses. Among the explicit variable indicators, we identified key ES types and wellbeing types and found that these key indicators also varied among villages. For example, water conservation is a key regulating service that affects farmers’ wellbeing in both hilly villages and river villages in terms of their access to wellbeing. The water storage capacity of terraced fields in hilly areas is poor, drought is most severe in hilly villages, and water storage is important for farmers’ livelihoods in hilly villages (Ramos et al., 2018). The problem faced by river villages, on the other hand, is the impact of transient flooding, and improvements in the capacity of water storage are of obvious significance for agricultural practices and personal safety for farmers.
4.3 Implications of the findings for the sustainable management of regional ecosystems
This study provides useful insights into the sustainable management of ecosystems in ecologically fragile areas. Land use practices affect ES acquisition, which in turn contributes to farmers’ wellbeing. ES acquisition and farmers’ wellbeing in ecologically fragile areas can be improved through the scientific management of land use. According to our findings, there is a need for terracing in hilly villages and gully villages. For example, converting existing narrow terraces to wide terraces will facilitate crop growth and reduce water loss, which is meaningful for improving crop and water conservation access for farmers. In river villages, rivers need to be dredged to prevent flooding during heavy rains, which is also beneficial for water conservation. Moreover, the planning of more recreational sites in river villages is important for improving recreational accessibility. In conclusion, the research proposal and findings of this paper provide a way in which regional differences in ESs and farmers’ wellbeing can be recognized, which is essential for improving ES access and farmers’ wellbeing levels through appropriate ecological management.
4.4 Limitations of the study
First, the construction of the ESIA represents a novel attempt in this paper, but we lack relevant research for reference. We initially equated importance and accessibility as equally important in the ESIA. However, the weight of the two may vary for individuals. Therefore, it is necessary to further consider the weight of importance and accessibility by combining the characteristics of research regions and farmers in future studies to improve the applicability of the ESIA. Second, we employed a structural equation model to address the impact of ESs on human wellbeing, which has been proven effective in related studies. However, we have observed only the influence path of ESs on human wellbeing and have not observed the complex influence of ESs on specific dimensions of wellbeing. This constitutes a clear limitation of the structural equation model. Therefore, we need to adopt more appropriate and in-depth methods to explore the complexity of the pathway through which ESs impact wellbeing in future studies. Finally, the main issue addressed in this paper is the regional differences for the impact of ESs on farmers’ wellbeing. We use simple village categorization to represent differences across land use patterns, which may not be precise enough. That is, we did not explore ES access and farmers’ wellbeing levels with different land use types and orientations, which would have provided a stronger focus. Therefore, in the next step of the study, we will integrate and analyse the land use patterns, orientation, geomorphic features, and farmland structure of farmers, and we will divide farmer groups by differences in land use patterns to explore the differences in the multidimensional impacts of ESs on their wellbeing under different farmer groups. Such an analysis has local and practical implications for understanding the impact of land use on ESs and farmers’ wellbeing at the microscale.
5 CONCLUSION
The Loess Plateau is an economically underdeveloped region. How to improve the wellbeing of local farmers is an important issue. The solution to this problem requires management of the ecology of different regions, as this will increase the extent of ES use by farmers. The focus of this study was to investigate regional differences for the impact of ESs on farmers’ wellbeing. The results showed that the impact of ESs on farmers’ wellbeing in all three village types was significant, but the extent of the impact varied. The effect of ESs on farmers’ wellbeing was significantly greater in hilly villages and gully villages than in river villages; these effects are more closely related to those in county towns and are consistent with existing ideas from research on urban‒rural differences. The key types of ESs also varied across villages. For example, for hilly villages and gully villages, crops and firewood were the two key common ES types. However, water conservation was the key ES for farmers in hilly villages, and pest control was the key ES for farmers in gully villages. For farmers in river villages, the key ES types were quite different from those in the other two types of villages. Fruits, water conservation and recreation were the key ES types. A focus on the regional differences in ESs on farmers’ wellbeing is meaningful for policy practice. We can improve ES access for farmers by optimizing land use allocation and land ecological control, which is effective in differentiating and enhancing the sustainability of different regions.
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Health Health d4 Presence of a chronic disease: Yes = 0, No = 1
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Village types culiarity

Hilly villages Higher altitude, cultivated land is mainly terraced, not irrigated, and the most seriously affected by drought; terraces often slide in
summer; villages are farther away from the county centre and have basic socioeconomic conditions

Gully villages Maoderate elevation, but the terrain s undulating, so forests are more widespread; farmers rely on valley and sloping land for farming,
with seasonal irrigation; villages are affected by floods, with occasional siltation and landslides on slopes, which affects
transportation; villages in this category are far from county centres, and have average socioeconomic conditions

River villages Lower elevation, mainly located in the central part of the county on both sides of the Wuding River, the terrain is flat and water can be
diverted for irrigation; however, it can be affected by flooding. These villages have convenient transportation, are close to the centre of
the county, and have the best social and economic conditions
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Demographic characteristics

Type of village

Hilly villages

Gully villages

River villages

Age

Education

Health

Total

Male 154 159 148
female 85 s o
<50 47 39 73
50~59 6 71 96
60~69 91 88 | 2
270 32 36 27
No education 57 65 27
Secondary schools 12 99 98
Junior high school | 58 52 86
High school and above 12 18 37
Have chronic diseases 132 133 91
No chronic diseases 107 101 157
239 234 28
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