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Abstract

:

There is a gap in understanding the relationships between the transformation of agricultural landscapes, ecosystem services and human well-being in the peri-urban fringe of major cities worldwide. In this paper, we use semi-structured interviews, perception surveys, social surveys and field mapping to examine linkages between agricultural and landscape transition, ecosystem services and human well-being in five sample villages in Xi’an metropolitan zone, China. The results indicate that: (1) Agricultural change has increased landscape fragmentation, with a shift from grain to more profitable horticulture and nursery production. The farming system is more diversified and exhibits a multifunctional character. (2) This transformation has had a significant impact on the character of the agroecosystem. (3) The agricultural transformation towards greater multifunctionality has increased the supply of ecosystem services, including tourism-related activities, potentially improving human well-being. (4) Different combinations of activities in the sample villages were evaluated with respect to a well-being index, indicating the importance of combining horticulture and tourism. (5) Linkages identified between agricultural transformation, ecosystem services and human well-being may have significant implications for potential approaches within future studies.
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1. Introduction


A peri-urban area (PUA) is a dynamic transition zone between the city and the countryside, often affected by urban sprawl. Currently, rapid global urbanization, especially in Africa and Asia [1], is producing the expansion of many urban agglomerations and affecting the nature of PUAs [2,3]. This is changing agroecological landscapes on a global scale [4], for instance, consuming a large amount of productive cropland [5,6] and natural areas [7] and converting it to built-up land, also transforming agricultural systems [8,9,10], leading to loss of biodiversity [6] and degrading the ecological capacity of the landscape. The capacity of ecological supporting and regulating services has been severely weakened. PUAs are crucial in terms of providing ecosystem services (ES) to metropolitan areas [11,12], but economically, socially and ecologically sustainable development have been profoundly impacted by the changes to the landscape [13,14]. For instance, the decrease in open space around the city [15] and the degradation of landscape ecological security in PUAs have impeded sustainable agriculture and put grain production and food security at risk [16,17].



In recent years, PUAs have undergone substantial physical and non-physical changes (e.g., social change) through urban expansion, giving rise to various studies, especially by scholars in the field of urban and regional research [18,19]. This research has focused on the development and transformation of urban and peri-urban agriculture. Some scholars have discussed the concepts and characteristics of agricultural transformation, proposing that this is best represented in changes of land use, planting structure and agricultural practices [20,21]. The driving forces of change mainly reflect urban market demand for agricultural products [22,23], socioeconomic factors, policy-related factors, location-based factors [24] and farmers’ behaviour [25]. In many countries, peri-urban agriculture has shifted from monoculture to more integrated farming systems, with moves towards diversified cropping to support livelihoods [26] that are not only economically appealing but also socially inclusive and environmentally friendly [27].



Some research has focused on the influence of urbanization on land use/cover (including agricultural land) in PUAs [28,29,30,31], examining changes in landscape pattern and ecosystem structure [32,33], for instance, the loss of large amounts of cropland [34] or peri-urban open space (primarily by conversion to built-up land) [16] and the increased fragmentation of the landscape through greater land-use diversity. These changes are mainly driven by structural, functional and institutional forces [35], including population growth and economic (e.g., increased income, development of the tertiary industry sector, road construction), political, social, ecological and environmental factors [36].



Other research has evaluated peri-urban agricultural multifunctionality and agroecosystem services [37,38,39,40]. Research has noted the diverse functions of urban agriculture [41,42], providing a variety of ES [43] but also producing many negative services [44,45,46]. There has also been a focus on the impact of land-use change on ES in PUAs. Some scholars suggest that agricultural land use (or agricultural transformation) has had a significant influence on ES [47,48,49]. For instance, the different cropping patterns of agriculture can have different effects on the ecological environment (e.g., eutrophication, soil acidification and toxicity of water and land ecosystems) [50]. In China, the transformation from traditional crops in PUAs to mixed fruit production accompanied by tourism has produced significant changes in agroecosystem services [8]. Simultaneously, some research has also argued that the diminishing of peri-urban open spaces or the increase in built-up land have negatively influenced ES [51,52]. Research indicates that landscape change in PUAs has led to trade-offs and synergies of ES in agroecosystems [53], suggesting that the increased availability of economic and social services comes at the cost of supporting and regulating services [51].



Some research has focused on the relationship between landscape pattern, ES and human well-being, with studies suggesting that there is a relatively strong coupling. This suggests that the livelihoods of residents in PUAs often depend on landscape diversity and the supply of ES [54,55]. The relationship between ES and human well-being varies under different agricultural transformation models, but they are both positively correlated with agricultural output and negatively correlated with agricultural net income [56].



There has been relatively little research on the social and ecological effects of agricultural transformation and the linkages between ES and human well-being. Specifically, the changes in PUAs have been associated with fragmented landscape structures and associated with rapidly growing socioeconomic structures [57,58]. These have numerous physical, social, economic and environmental consequences, and to meet the challenges posed in those areas requires a comprehensive understanding of related socioeconomic and ecological dimensions [35]. From the perspective of complex human-land relationships, there is a need for more case studies on the relations between agricultural landscape, ES and human well-being in PUAs, including the use of novel and relevant methods of analysis. Analysis needs to develop insights into the relationship between agricultural transformation, ES and human well-being across economic, social and ecological aspects of development to seek sustainable development paths in PUAs.



The majority of global urban agglomerations, especially in developing countries, are densely populated and highly economically clustered, with declining amounts and quality of natural landscape, ecological status and agricultural land [10,25]. The types and structure of agricultural landscape, which play a key role in providing and maintaining ES, have changed greatly with rapid urbanization, representing the transformation of agricultural planting structure, agricultural production and farming mode, farming technology [59,60,61] and farmers’ livelihoods [36]. What are the processes and modes of agricultural transformation in PUAs? How do these modes influence the agricultural landscape, ES and human well-being? What kind of transformation mode is more suitable to generate sustainable development? These are fundamental questions closely related to the ‘coupling relation’ between agricultural transformation, ES and human well-being.



This paper aims to: (1) develop a comprehensive analytic framework relating to agricultural transformation, ES and human well-being in PUAs; (2) propose rural-scale assessment indicators of human well-being; and (3) analyse the process of agricultural transformation and its impacts on ES and human well-being in Xi’an metropolitan zone and develop greater understanding of ES and well-being effects in PUAs.




2. Material


2.1. The Study Area


The Xi’an metropolitan zone (XMZ) is located in the centre of the Guanzhong Plain in Northwest China. The central city of Xi’an covers approximately 14,958 km2 of land area, with population of 18.7 million in 2019. Annual daily temperatures range from −1.3 °C to 26 °C, and annual rainfall is between 522 mm and 729 mm. The area has one of the most important agricultural product bases in China, especially for temperate fruit and grain production.



Since the 1990s, the growth of the XMZ has accelerated the transformation from traditional grain cultivation in the PUA to diversified modern agriculture. There have been significant changes in the agricultural landscape, including loss of productive farmland [17]. Grain has been replaced by horticulture, especially orchard fruit, grapes, kiwifruit and nurseries, including flowers, trees and nursery crops. This has resulted in changes in ES and human well-being, which are investigated herein by focusing on five villages representing different aspects of the agricultural transformation, with a dominant focus on grain production and other specialisations: Duling (fruit and tourism), Hongfeng (vegetables), Huangliangxin (flowers), Huojian (grain and vegetables) and Yueyang (grain). The process of agricultural transformation in the five villages is described in Table 1. Their location is shown in Figure 1.




2.2. Methods and Data Sources


2.2.1. Remote Sensing Interpretation and Field-Mapping Method


Data for base maps of the five villages are provided by Landsat 8 OLI TIRS images for 2020, downloaded from http://earthexplorer.usgs.gov/ (accessed 1 November 2021). In August 2017 and October 2021, field interviews and field mapping were used to create agricultural planting maps for 2000. A map of agricultural planting in 2020 was completed by interpreting Landsat 8 OLI TIRS images plus field investigation. Land use was classified into seven categories, including arable land, orchard, woodland, grassland, built-up land, water body and unused land. The agricultural planting types were divided into seven categories, including grain, beans, vegetables, melons, fruit trees, flowers and seedlings.




2.2.2. Semi-Structured Interviews and Questionnaire Survey


We employed semi-structured interviews to investigate details of the agricultural transformation process in the five villages, including changes in agricultural practices and household lifestyles. Information on population, land area, agricultural input and output, agricultural product sales, and social and cultural status of the villages was also gathered. A questionnaire was designed to investigate villagers’ perception of human well-being in 2000 and 2020, respectively, and a scale method was used to quantify these perceptions. All semi-structured interviews and questionnaire surveys were completed in October 2021. More than 20 farmers and their households were surveyed in each village, with a total of 108 farmers (and households), and 90% of questionnaires were fully completed.




2.2.3. Assessment Methods of Ecosystem Services


Comprehensively taking into consideration natural geographical conditions, agricultural types and characteristics of changes in agricultural production and operation, five ES were selected: economic production, pro-environmental services, carbon sequestration and oxygen release, water conservation, and tourism and leisure services. These services were investigated with regard to evaluating the value and change of agroecosystem services in different periods. The evaluation and spatial models employed are as follows.



	(1)

	
Economic-production services







Economic-production services refer to the total economic output of various agricultural products provided by the agroecosystem for human use/consumption. The value was assessed by the total output value of grain, fruit, vegetables, melons and livestock products [62].


   V 1  = ∑ α × β × γ  



(1)




where V1 represents the value of economic-production services provided by agriculture;  α  represents the area of different agricultural types;  β  represents the yield per unit area of different agricultural types; and  γ  is the price of different agricultural products.



	(2)

	
Air-purification services







Air-purification services refer to the dust retention, absorption of harmful gases and sterilization functions by the natural and agricultural landscape. The evaluation formula is as follows [30].


   V 2  =   ∑   i = 1  n    ∑   j = 1  m   α  i j    β j   γ i   



(2)




where V2 represents the value of pro-environmental services,    α  i j     represents the value of absorption or purification of the j-th pollutants (including SO2, NOX, HF and dust) per unit area of the i-th agricultural type;    β j    represents the cost of treatment of the j-th pollutants per unit mass (   β j    is assigned by 0.6 yuan/kg, 0.63 yuan/kg, 0.87 yuan/kg and 0.15 yuan/kg for each pollutant, respectively); and    γ i    is the area of the i-the agricultural type [63].



	(3)

	
Carbon sequestration and oxygen-release services







Carbon sequestration and oxygen-release services refer to crops, fruit trees and other vegetation absorbing carbon dioxide and releasing oxygen through photosynthesis.


   V  c 3   = 1.63 × N P  P i  ×  R c  ×  P c   



(3)






   V  c 4   = 1.19 × N P  P i  ×  P   o 2     



(4)




where    V  c 3     and    V  c 4     refer to the amount of fixed C and released O2, respectively, per unit area of the i-th agricultural type;   N P  P i      refers to the net primary productivity of the i-th agricultural type;    P c    is the value of unit C, taking 260.9 yuan/t;    R c    is the content of C element in CO2 (27.27%); and    P   o 2      is the price of O2 (376.47 yuan/t) [10].



	(4)

	
Water-conservation services







Water-conservation services refer to the functions of crops, fruit trees and other vegetation to regulate precipitation, enhance infiltration and inhibit evaporation, evaluated by the soil storage capacity method.


   V 5  =  P 1  +  P 2   



(5)






   P 1  = W × C  



(6)






  W = ρ × h × p ×  S i   



(7)




where    V 5    represents the total value of water-conservation services in the research area;    P 1    is the supply value of water conservation provided by cultivated land;  W  is the amount of water conserved by cultivated land;  C  is the average cost of a construction reservoir (0.67 yuan /m3);  ρ  is the soil bulk density (equal to 303 kg/m3, according to the experimental test of soil at depth 10 cm and 20 cm);  h  is the soil depth, taking 0.2 m of ploughed layer;  p  is soil water content; and    S i    represents the area of different agricultural types [10].


   P 2  =  (   Q 1  +  Q 2  +  Q 3   )  × C  



(8)






   Q 1  = r ×  l i  ×  S i   



(9)






   Q 2  =  f i  ×  q i  ×  S i   



(10)






   Q 3  = h ×  k i  ×  S i   



(11)




where    P 2    represents the total value of water conservation by woodland, orchard and grassland;    Q 1    is the amount of water intercepted by the forest canopy;    Q 2    is the water holding capacity of the litter layer;    Q 3    is soil water storage;    l i    is the canopy interception rate of the i-th vegetation type;  r  is precipitation;    f i    is the dry weight of the litter layer of the i-th vegetation type;    q i    is the saturated water absorption rate of the i-th vegetation type;    k i    is the non-pore porosity of the i-th vegetation type; and    C   is the average cost of a construction reservoir.



	(5)

	
Tourism and leisure services







Tourism and leisure services refer to the functions of sightseeing, recreation and leisure provided by the agricultural landscape.


   V 5  = ∑  V j  ×  S j   



(12)




where    V 5     represents the total value of tourism and leisure services;    V j    is the service-value coefficient per unit area of the j-th landscape; and    S j    is the area of the j-th landscape [10].




2.2.4. Human Well-Being Assessment Methods


Human well-being refers to the life conditions under which people feel good and satisfied, including safety, health, good social relations, freedom of choice and action, and basic material needs required to maintain a high quality of life [64]. Human well-being is complex and dynamic and includes multiple dimensions for which measurement indicators vary greatly, as developed by different scholars. Hu et al. proposed an index of human well-being including three dimensions, namely basic needs, health and safety, and spiritual needs, with a total of 12 indicators [65]. Liu et al. put forward a three-dimensional index composed of economic, social and environmental development based on ecosystem provision services, cultural services and regulatory services [66].



In this paper, human well-being at the village scale is defined as the sense of well-being generated by farmers who are improving their living standards, ecological environment and mental state through agricultural activities. Developing a suitable index of human well-being at the village scale can effectively measure the impact of the agricultural transition process on ES and human well-being. The selected evaluation index comprises five dimensions, covering quality of life, health and safety, capacity of sustainable development, good social relations, and social freedom and justice, with 30 indicators (Table 2).



Information relating to the indicators was obtained using semi-structured interviews and a questionnaire survey conducted with randomly selected farmers. This focused on access to resources, satisfaction with agricultural production and subsistence, economic income level, ecological and environmental pollution, social fairness and justice, as well as farmers’ satisfaction and desire.



The perception was quantified by scale, based on five levels, namely extremely dissatisfied, unsatisfactory, neutral, satisfied and extremely satisfied. For statistical indicators, values were also divided into five different ranks, e.g., annual agricultural income, namely <30, 30–80, 80–150, 150–200 and >200 thousand yuan. The index of human well-being and the indices of each dimension were evaluated by the comprehensive evaluation method. Weightings were determined by the entropy method and analytic hierarchy process (AHP) and passed the consistency test.


  S =  ∑  j = 1  n   W j  ×  S j   



(13)




where  S  represents the overall score of human well-being; n is the number of indicators; j is a single indicator of human well-being;    W j    is the weight of indicators; and    S j    is the standardized score of indicator j.




2.2.5. An Analysis Framework of Linkages between Agricultural Transformation, Ecosystem Services and Human Well-Being


In PUAs, land use, economic development, social value and lifestyle are deeply influenced by the nearby city, forming a complicated regional human-land system with complex interactions between the urban and the rural. In analysing a PUA, we need to investigate:




	(1)

	
The characteristics of economic development (especially the agricultural economy), sociocultural and physical geographical environment (via semi-structured interview and questionnaire survey), identifying the crucial causal relationships within the human-land system.




	(2)

	
The nature of the agricultural transformation, examining the characteristics and driving factors of agricultural landscape change, focusing on changes in agricultural land use, crop types and practices.




	(3)

	
Ecosystem characteristics: the types, structure and pattern of local ecosystems (especially agroecosystems).




	(4)

	
Analysis of changes to ES, identifying major ecosystem services and evaluating and analysing changes in ES.




	(5)

	
Human well-being assessment. Define human well-being and determine measurement dimensions, select the indicators and quantitatively evaluate.




	(6)

	
Analyse the linkages between ES and human well-being (Figure 2).












3. Results


3.1. Agriculture Transformation Analysis


3.1.1. Changes to Agricultural Land Use


Table 3 shows that changes in agricultural land use varied across the five identified land use types. From 2000 to 2020, the areas under orchards and built-up land increased by 196.3% and 25.2%, respectively, in Yueyang (grain to grain), while arable land, woodland and grassland decreased, with the area of arable land decreasing by 3.6%, mainly through construction of recreational facilities and road network. In 2020, land use was dominated by arable land (285.8 ha) and built-up area (118.3 ha), accounting for 68.1% and 28.2% of the total land area, respectively. In the past 30 years, Yueyang has maintained its focus on grain crops, and as of 2020, the area under grain crops accounted for two thirds of the total agricultural land.



In Duling (grain to fruit/tourism), in 2000, there was 63.4 ha of arable land, or 83.8% of the total land area. The remainder was built-up land and a few orchards. By 2020, arable land had been reduced to 28.4 ha, a decrease of 55.2%, mostly converted to gardens, grassland, woodland and built-up land. A small part of the arable land was converted to a tourist development. Orchards (especially cherries) occupied 17.8 ha, and new grassland and woodland accounted for 9.1 ha and 5 ha, respectively. The built-up area had increased by 26.2%. With the rapid growth of orchards in the past 20 years, fruit production, dominated by cherries and grapes, has become a major part of the local agricultural sector, combining fruit production with rural tourism.



Hongfeng has moved slowly from grain to vegetable production. In 2000, it was dominated by arable land (377.6 ha), accounting for 78% of the total area, followed by 88.3 ha of built-up land, with a few orchards, water and grassland. By 2020, arable land (now dominated by vegetables) had decreased by just 3.9%, still accounting for 74.9% of total land, while built-up land increased by 13.9% to 100.6 ha, newly developed woodland occupied 9.5 ha and a few orchards survived.



Huojian has transitioned from grain to a mixture of grain and vegetables. Arable land and built-up land occupied 324.6 ha and 84 ha, respectively, accounting for 77.2% and 20.0% of the total area. Compared with 2000, arable land decreased by 12.9%, and built-up land and orchards increased by 102.9% and 86.2%, respectively.



In 2000, in Huangliangxin, arable land occupied 82 ha, and built-up land occupied 28.4 ha, accounting for 68.9% and 23.9% of the total area, respectively. With a move towards flower growing, by 2020, the area of arable land had been reduced by 44%, and built-up land had expanded by 104.9%, while 12.5 ha of land was newly developed for nurseries and flowers.



Generally, arable land was the dominant land-use type in these five villages in 2000, occupying at least two thirds of the total area, followed by built-up land (varying from 9.9% to 23.8%). Since 2000, arable land has gradually decreased, while urban development has swept across the area like a wave, increasing the amount of built-up land, although it is being held at bay in Huangliangxin and Hongfeng by the move to orchard production, converting grain cultivation to fruit trees, flowers and seedlings, or from low economic output to high-economic benefit, raising farmers’ incomes with farm diversification and a move away from reliance on grain for income. Land-use conversions are ongoing, creating a more fragmented landscape. However, the increases in urban built-up land, the decreases in cropland and the changes of agricultural type have all led to decreases in landscapes providing ES.




3.1.2. Changes of Agricultural Types


The agricultural structure in XMZ changed greatly from 2000 to 2020 (Table 4 and Figure 3). However, in Yueyang, wheat, maize and other grain crops are still dominant, at around 284 ha, accounting for 96.6% of agricultural land, with a decline in area of just 2.8% in 20 years. Vegetable planting decreased by 60.1%, and apple orchards increased by 8 ha, replacing natural grassland, some vegetables and a little arable land converted to apple orchards. Large areas of grain planting have been maintained, with a small number of farmers switching to fruit and vegetable cultivation. Grain cultivation has become mechanised, and there has been adoption of new agricultural techniques, new crop species and organic fertilizer, resulting in higher yields and production efficiency.



In Duling, grain crops were dominant in 2000 (99.6% of agricultural land) but have gradually been converted to fruit production allied to tourism. Wheat and maize plantations have been reduced by 52% since 2000, being converted to cherries, vineyards, woodland and forage crops. The area of grapes and cherries increased significantly, reaching 26.1 ha, accounting for 44.9% of agricultural land. Cherry production often features pick-your-own (PYO) operations plus sightseeing activities to attract tourists from Xi’an. Cherry and grape production, combined with PYO, are highly profitable. Less labour is needed to grow fruit and grapes, releasing some farmers to commute to the city for work.



In Hongfeng, the area of grain crops accounted for 92.6% of the agricultural land in 2000 but had gradually changed to vegetables, melons and fruit (67.6% of the agricultural land) by 2020, forming a mixed agricultural mode combining vegetables, grain and fruit. In 2020, the area of grain planting had dropped to 109.9 ha, accounting for about 29% of the agricultural land, and vegetable planting was up to 242.5 ha and 64.8% of the agricultural land. Compared with 2000, the area of grain crops decreased by 69.5%, mainly being converted to vegetables and vineyards. Fruit production shifted from peaches, plums and apples to grapes, but orchards remained stable overall (−3%). At present, vegetables, melons and fruit are mainly planted in greenhouses, with facilities to achieve large-scale production. As part of the largest melon production base in XMZ, the diverse fruit production largely supplies the urban market of Xi’an.



In Huojian, the area of grain crops accounted for 87.8% of agricultural land in 2000, shifting to grain and vegetable cultivation (47.7% and 49.0% of agricultural land, respectively) in 2020. The areas of grain planting decreased by 51.8%, and vegetable planting increased by 3.2 times. At present, Huojian is part of the vegetable-production base of Xi’an city. Vegetables are produced in greenhouses with a range of crops (mainly cabbage, tomato and celery) and high yields, supplying Xi’an city.



Huangliangxin changed from wheat, maize and bean planting in 2000 to both grain and flowers in 2020. The area under grain decreased by 41.9%, converted to flowers (+10.5 ha) and accounting for 18.5% of agricultural land. Flowers growing in Huangliangxin has developed into part of Xi’an’s Qinling Flower World (a flower breeding centre and market) due to its neighbouring location. At present, flower planting in greenhouses is mainly operated by gardening companies with high input and a few farmers belonging to the company (Figure 4).



Overall, among the five kinds of transformation, the maintenance of grain production is part of the Guanzhong high-quality production belt of high-yielding wheat and summer maize. There have been some changes in grain species since 2000, as well as in yields, cultivation practices and input, with more spatial clustering and higher efficiency, though only generating low income for farmers. Changes favouring fruit, tourism and vegetables have led to changes to the agricultural landscape. Fruit and tourism have brought economic benefits to farmers, accelerating the shift from grain toward greater diversification and higher incomes. In contrast, shifts to flower growing have largely not generated higher returns due to farmers’ low participation.





3.2. Changes to ES


Driven by urban expansion, the urban market, government regulation and capital investment in XMZ, the agricultural transformation has propelled changes of land use and landscape pattern, with significant impacts on ES. We used the value-assessment method to measure ES and their changes in five typical agricultural transition villages (Figure 5, Table 4).



From 2000 to 2020, the total value of ES supplied to agriculture in Yueyang, which remained focused on grain, increased from 5.8 × 105 yuan to 5.9 × 105 yuan (+1.7%.) In terms of ES, the values of carbon sequestration and oxygen release decreased from 5.0 × 105 yuan to 4.7 × 105 yuan (−6%). Although other ES accounted for a small proportion of the total services, they all showed an increasing trend, with tourism and leisure services increasing 4.8 times, mainly due to the growth of urban residents visiting the area. Economic-production services increased by 50% due to increased yields. Water-conservation services and air-purification services increased by 25% and 50%, respectively. In part, this is due to high planting density, application of fertilizer, healthy crops and new tillage technology, which are all beneficial to interception of precipitation and absorption of air pollutants by crops and fruit trees. For instance, no-tillage technology for some plots is conducive to soil interception of precipitation, and mechanical tillage for most plots is helpful for soil water storage.



In Duling, the move from grain to fruit and tourism since 2000 has significantly increased the total ES value from 1.2 × 105 yuan to 3.1 × 105 yuan (+158.3%). Tourism and leisure services increased by more than 69 times. Water-conservation and air-purification services also rose by 56.6 times and 17.9 times, respectively. Carbon sequestration and oxygen-release services increased marginally, mainly due to dwarf cherry trees and tree pruning. Additionally, grapes as a perennial liana, compared with grain crops, have higher potential carbon sequestration and oxygen-release services. The development of fruit production mixed with tourism and leisure also improved the economic-production services of the agricultural landscape (+2.6 times).



The total value of ES in Huojian, where vegetable growing was adopted, increased from 7.3 × 105 yuan in 2000 to 7.6 × 105 yuan in 2020 (+4.1%). Tourism and leisure services increased from 0.11 × 105 yuan to 0.6 × 105 yuan (+5.5×) due to farming and picking activities. Compared with grain production, vegetables have higher density and coverage, which are conducive to precipitation interception. Water-conservation services increased from 0.14 × 105 yuan to 0.3 × 105 yuan (+2.14×). The output and price of vegetables were much higher than those of grain, and economic-production services increased by 2.2×, while carbon sequestration and oxygen-release services decreased by 18.7%.



From 2000 to 2020, the total value of ES in Hongfeng increased from 7.7 × 105 yuan to 1.03 × 106 yuan (+33.8%) as vegetable production rose. Both tourism and leisure services and water-conservation services increased more than fourfold, while economic-production services and air-purification services increased by 3 times and 2.5 times, respectively, and carbon sequestration and oxygen-release services decreased by 10.8%.



The total value of ES in Huangliangxin, where flowers were introduced, increased from 1.5 × 105 yuan in 2000 to 2.9 × 105 yuan (+93.3%). Compared with grain, flowers have higher output and economic value, as well as high ornamental value, attracting a large number of tourists. Economic-production services and tourism and leisure services increased by 19 times and 3 times, respectively. Air-purification services and carbon sequestration and oxygen-release services decreased by 40% and 35.7%, respectively.




3.3. Changes in Human Well-Being


Sample characteristics are as follows (Table 5): more than 59% of sampled farmers were over 50 years old in each village, more than 88% residing in parts of the village officially designated as ‘rural’, and over 83% were engaged in agricultural activities. The majority of farmers were familiar with the development of agriculture in their village over the past 20 years, and all provided their perceptions of well-being and how they had changed since 2000. The majority of farmers (85.7%) had a high school education or below, indicating relatively low levels of education. The average annual agricultural income per household was less than 80,000 yuan (US$ 12,514) for 79.6% of households. More than half of household income across the villages came from non-agricultural sectors.



It can be seen that among the five villages, human well-being improved from 2000 to 2020. Duling (fruit/tourism) had the largest increase (+30.6%). Huangliangxin (flowers), Hongfeng (vegetables) and Huojian (grain/vegetables) also improved (+25.5%, +24.0% and +18.4%, respectively), while Yueyang, which retained its focus on grain, only improved by 7.0% (Table 6).



According to the scores for the five dimensions of human well-being (Table 7), Duling experienced a high level of improvement in all the five dimensions of human well-being, with the capacity of sustainable development, (+57.1%) and freedom/justice (+40.0%) with the largest increases. Increased sustainable-development capacity can be attributed to the improvements in local transportation and medical and health resources, the convenience of selling agricultural products, and ease of access to schools and the hospital. The score of farmers’ perceptions rose by more than 60%. The farmers’ satisfaction with the household debt burden and rural and agricultural development improved by 34%. Knowledge of events in the village and perception of fairness of subsidies increased by 73.5% and 54%, respectively, as part of perceived improvement of freedom and justice. The dimensions of maintaining a high quality of life and health and safety also increased by more than 22.2%, mainly due to improvement of water security (+56%), cultural facilities and social security (+35%). Satisfaction with social security, food diversification, quality of the residential environment and convenience when seeking medical treatment rose by 35%. Satisfaction with family cohesion (members stay together, workers do not leave home and live in the city for work) and neighbourhood cohesion increased by 36%, suggesting a degree of social harmony. However, satisfaction with agricultural income, supply of resources, life as a farmer, governmental subsidies and air quality rose only slightly, and satisfaction with risks encountered in farming declined.



Hongfeng, which has adopted a vegetable-growing village, also saw increases in sustainable-development capacity (+37.5%) and health and safety (29.4%), mainly attributable to increased satisfaction with transportation conditions (+62%) and medical (+37%) and educational resources (+33%) (Table 8). Significant improvements were noted for convenience of medical treatment, diversity of food, natural environment and sewage, and waste treatment, but satisfaction with local social relations only rose slightly (+7.13%). Similarly low increases were recorded for family reunion, neighbourhood relations (+4%) and agricultural income (+6.5%). Hence, it was perceived that social cohesion of the village had not changed in the past 20 years.



Huangliangxin, where farmers are growing flowers, has also seen an increase in sustainable-development capacity (+33.3%) and health and safety (+35.3%). Perceived satisfaction increased for a range of indicators: psychological stress (+1.7 times) traffic conditions (+58%), access to hospital, life expectancy, living environment, sewage disposal and village public security (>35%). However, farmers’ satisfaction with agricultural work, water quality and air quality increased by less than 8%, and satisfaction with agricultural risk and agricultural income fell by 13.4% and 5.5%, respectively.



Sustainable-development capacity (+25.0%) and maintaining a high quality of life (+33.3%) increased in the grain- and vegetable-growing village of Huojian. Farmers’ satisfaction with traffic conditions, medical resources and educational facilities and resources increased at least by 35%, as did satisfaction with domestic water security, agricultural resource supply and government subsidies (>38%). On the other hand, satisfaction with agricultural work, cultural and recreational activities, confidence in agricultural development, village cohesion and agricultural decision-making was not significantly improved (<8.5%). Meanwhile, scores for psychological stress (−16%), agricultural risk (−32%) and life expectancy all decreased.



Among the five dimensions of evaluation of human well-being, in grain-producing Yueyang, the largest increase was in satisfaction with sustainable-development capacity (+22.2%). This is mainly attributable to perceived improvement in medical resources, transportation conditions, and educational facilities and resources (+20% to 26%). Satisfaction with other well-being dimensions is relatively low (less than 12%). Due to mechanisation of grain planting, farmers’ satisfaction with agricultural production methods has increased. In contrast, their satisfaction with water quality (−21%), agricultural risk (−11%), air quality, family reunion, villager cohesion and knowledge of village events declined.



Of the five villages, Duling showed the greatest improvement in human well-being and was substantially better than the remaining grain-producing village, Yueyang. Duling’s move into fruit production combined with tourism has increased agricultural incomes and has been associated with improved transportation facilities, health care and social relations, reducing the household debt burden and improving sustainable-development capacity, social freedom/justice, and health and safety of the village. Flower growing in Huangliangxin has increased agricultural incomes, contributing to alleviation of household debt burden, improving health care, rural social security, and physical and mental health.



In Hongfeng, where there has been a substantial move to vegetable growing, agricultural incomes have improved more than in Huojian, where the move towards vegetable production is less developed. In Hongfeng, there were also improvements to farmers’ physical health, leisure culture, agricultural security, public security, social freedom and justice—all higher than in Huojian, generating greater perceived self-confidence in the former village. In Yueyang, agricultural incomes still rely primarily on grain production, resulting in low scores for most indicators of human well-being.



The deterioration of the ecological environment leads to change in residents’ happiness, which attracts the attention of the government. Strengthening the construction of the new countryside and changing the appearance of villages indirectly affect the structure and type of crops and, ultimately, feedback into the change of ecosystem service values.




3.4. The Linkages between Ecosystem Services and Human Well-Being


In the five study villages there are correlations between ES and human well-being (Figure 6), with agricultural transition leading to improved ES and human well-being. From 2000 to 2020, the total value of ES barely rose (+2.5%) where grain production remained dominant, and the well-being of the grain farmers also only increased slightly (+7.6%). Where grain production was combined with vegetables, the total value of ES increased by 19.1%, and the welfare of farmers also increased by the same amount. Where vegetables were dominant, in Hongfeng, a similar increase in the value of ES was recorded (+19.6%), but well-being was higher (+24.2%). In stark contrast, flower growing in Huangliangxin increased the value of ES more than twelve-fold, and the well-being score of farmers by 26.3%. In Duling, the move to fruit and tourism produced a large increase in ES (+170%), with human well-being rising by 32.5%.



Figure 7 shows the relationship between changes in agroecosystem services and human well-being in the five villages from 2000 to 2020. Flower production is associated with rising quality of life and sustainable-development capacity, good social relations, social freedom and justice. Meanwhile, the expansion of orchards has improved air-purification services and water-conservation services, resulting in higher sustainable-development capacity, higher quality of life, health and safety and other well-being dimensions. Retaining grain production has made only small contributions to the improvement of ES and human well-being. Where grain and vegetables have been combined, benefits have occurred to economic development and ecological services, such as water conservation and air purification, as well as quality of life and sustainable development.



In general, there have been positive impacts on both ES and human well-being, but they vary considerably among the sample villages. Introduction of fruit, vegetables and tourism have had the most significant effect on the improvement of ES and human well-being. Continued reliance primarily on grain has had little effect on the improvement of ES and human well-being.





4. Discussion and Conclusions


4.1. Discussion


Urbanization overwhelmingly drives and reshapes agricultural landscapes and has profound impacts on the relationships between economic, social and ecological development in PUAs. To date, most studies on PUAs have focused mainly on land use and the agricultural landscape, peri-urban agriculture and its multifunctionality, as well as ES. However, research on agricultural transformation and its social-ecological effects, as well as the relationship between ES and human well-being is scarce [67,68]. There is still a great gap in understanding the coupling relations between agricultural (or landscape) transformation, ES and human well-being, especially considering the full range of economic, social and ecological issues in PUAs. Using semi-structured interviews, perception surveys, social surveys and field mapping, we examined the linkage mechanisms and an analytic framework for the agricultural transition between 2000 and 2020, focusing on ES and human well-being (see Figure 8). Five villages representing different types of agricultural transition in the PUA of XMZ were selected as examples of the process of agricultural transformation. Changes to ES and human well-being and the relations between agricultural transformation, ES and human well-being were analysed. The results show that examining the relations between agricultural transition, ES and human well-being can contribute to understanding of the people-land dynamic.



Comparing the five villages, moves from grain to a more diversified and mixed agriculture have changed the appearance of the agricultural landscape and produced an increase in ES supply capacity, especially the improvement of tourism and leisure services and economic-production services. The total capacity of agroecosystem services has increased, mainly due to the improvement of tourism and leisure services, economic-production services and water-conservation services. However, where grains have remained more important, the total supply capacity of ES has only grown slightly. Moves from grain to vegetables have led to a decline in carbon sequestration and oxygen-release services, while water conservation, tourism and leisure, and economic-production services have grown slightly. Transformations from grain cultivation to fruit production and tourism have improved all five ES. The shift from grain cultivation to flowers/nursery has significantly reduced air purification and carbon sequestration and oxygen-release services. Generally, the different ecological characteristics of grain crops, fruit trees, nursery plants, flowers, vegetables and grass have resulted in different supply capacities for the various ES. The modernisation of farming technology and agricultural practices [69], the changing choice of crops, and the introduction of greenhouse facilities have all lead to changes in crop and vegetation growth, planting structure, spatial patterns (including land use) and the diversity and stability of agroecosystems, resulting in changes in the ES of agriculture.



Overall, the results indicate that moves from traditional grain cultivation to cash crops with greater economic benefits (such as vegetables and fruit trees), mixed with tourism, have improved human well-being. However, the four villages with the most changes in production reported increased agricultural risks and concerns about agricultural income and agricultural work. This seems to be mainly due to unstable urban markets, with significant price fluctuations, compared with that for grain. Moreover, the cost of producing vegetables, flowers, fruit and other cash crops is high, and the produce is often difficult to store. Risk from changing weather patterns was also reported [70]. Farmers earned less than those working in the secondary and tertiary sectors, and the perception was that farm work is harder. In general, there was satisfaction with transportation and medical resources, especially with the former, reflecting implementation of the “village to village project” across the country, beginning in 1999, significantly improving transportation in rural areas. Paradoxically, farmers complained about poor air quality due to emissions from cars. The deterioration of the ecological environment leads to changes in residents’ well-being, which has aroused the attention of the government. The ‘construction of new countryside’ has been strengthened, changing the appearance villages and indirectly affecting the structure and type of agricultural planting, ultimately feeding back to the changes in the value of ES.



In general, both ES and human well-being improved in the study area since 2000, especially where grain production has given way to either orchards and tourism or to vegetables. For instance, in Duling, tourism and leisure services increased by more than 69 times, and the services of water conservation and air purification improved by 56.6 times and 17.9 times, respectively, because of the large-scale development of fruit and tourism, mainly focusing on grapes and cherries. Shifting from traditional grain production to grapes and cherries can reduce the deep turning of soil, and the roots of fruit trees can intercept more water than those of crops, while fruit trees have large leaf areas and a long growing period. The greater the continued reliance on grain, the less the improvement in ES and human well-being. Fruit and vegetables provide more ES than traditional food crops [71]. The traditional grains are herbaceous crops, such as wheat, maize and soybean, with low-growing plants, small leaf areas and short growing periods. Ploughing the soil and removing weeds requires provision of ES, e.g., carbon sequestration and oxygen release, water conservation and improved air quality. Fruit trees, nursery crops and vegetables (in multiple rotation in greenhouses), with tall plants, high coverage, large leaf area and long growing periods, generate more ES, as well as greater economic production capacity, including when combined with tourism [72]. Differences in ES in the five villages reflect crop selection, planting structure, and growing period of the plants, which all vary between trees (fruit trees, seedlings), shrubs (such as grapes, shrubs and flowers) and herbs (vegetables, wheat, maize). Therefore, the impact of agricultural transformation on ES and human well-being depends significantly on the composition of the agricultural landscape [12,69]. Although retention of grain production in the study area had little impact on ES or human well-being, its contribution to food security remains extremely important (similar to that reported in other research [73,74]), as recognised in policies supporting basic farmland protection since 1998 and the construction of ‘high standard’ farmland since 2011, which were implemented nationwide in order to ensure grain supplies. Hence, there remains a large area of grain planting in the PUAs of XMZ. The five agricultural transformation processes, namely, “grain to grain”, “grain to grain + vegetable”, “grain to vegetables”, “grain to flowers” and “grain to fruit + tourism” and their impacts on ES and human well-being can be regarded as five prototypes of the linkages occurring in PUAs. These reflect the different change processes and development trends of agriculture, ES and human well-being and are also in line with their commercial nature (e.g., high profitability, local fresh food trade and food processing) and offering a high level of ecological services (e.g., shaping of cultural landscape, recycling of urban biodegradable waste, improving individual and public well-being, closer contact with nature and visual amenity) [75].



The research shows that a key driver of agricultural transformation is the urban market. From the farmers’ perspective, decision making on the selection of crops and planting structure is chiefly regulated by market mechanisms, and the potential economic benefits, for instance, the input and output of agricultural production, the relations between supply and demand of agricultural products in the urban market, as well as labour costs for different crops. Government policies have also been important, relating to urban-agglomeration planning, agricultural and land-use planning, and agricultural subsidies [26], for instance, the spatial distribution of different peri-urban agricultures or specialization were arranged by government planning. Distance to central Xi’an has influenced loss of agricultural land to construction of real estate, factories and roads. Locations closest to the city have suffered the greatest loss of farmland. The creation of agricultural parks (government-funded agricultural development zones) has also helped determine the intensity of agricultural production, shaping the adoption of modern agricultural practices and new agricultural technology. However, although there are at least 14 such parks in XMZ, there is none in the five sample villages.



The analytic framework proposed in this paper provides a framework for analysing the people-land system and its economic, ecological and social components. It has been employed herein to analyse the relationships between landscape transition, ES and human well-being.



However, the transformation in PUAs is very complicated, often marked by the shifting of agricultural structure, the conversion of land use, the opportunities for farmers seeking part-time or full-time work, migration into cities and the changes of livelihoods or lifestyles detaching from agriculture, cultural traditions and identities related to the rural environment [36]. These all will result in the alteration of rural society and possibly also the improvement of human well-being. Especially at the village scale, the income of farmers earned from non-agricultural jobs and/or working in cities has had an important impact on their well-being. Thus, to determine the indicators of human well-being and the selection of key ES, including analysing the relationship between them, should clarify the linkages with agricultural development and landscape, choosing indicators that have relatively strong relations to the ecosystem and its services.



When the framework is further applied in similar PUAs, it needs to determine the concept and main aspects of agricultural transformation, identifying the key ecosystem services of agriculture and selecting the suitable evaluation indicators of human well-being according to the characteristics of local agroecosystems and the stage of social and economic development. In the analysis of the relation between the ecosystem services of the agricultural landscape and human well-being, urban agriculture (such as courtyard agriculture) can also be included, as it may play an important role in the improvement of human well-being in PUAs.



Further analysis can extend understanding of the substantial land-use changes occurring by considering in more detail the range of decisions being made by farmers, village leaders and local officials as they respond to changing market conditions and government policies and pay more attention to assessment of broader society in PUAs. This would inject a behavioural component into the analysis to complement the portrait of change in the dynamic PUA developed herein.



In our analysis, five key ES were selected by comprehensive consideration of natural geographical conditions, agricultural types, changes in agricultural production and operation mode, regional agricultural planting structure and crop types. If the analysis was developed further, we would be able to cover more agroecosystem services and also consider several disservices in agricultural practices, e.g., non-point pollution by chemical fertilizers and pesticides, usage of large amounts of water in irrigation [46,71] and farm management being key to the crop selection, water resource utilization, agrochemical toxicity and even economic output [69]. Further analysis will also need to address farmers’ behaviour, agricultural practices, agricultural and planning policies, and the lure of income in urban-based employment.




4.2. Conclusions


	(1)

	
Agricultural transition in the PUA of XMZ has involved a shift in the rural economy away from grain towards fruit and vegetables, with some additional involvement of farmers in tourism.




	(2)

	
Agriculture has become more diverse and multifunctional, generating higher incomes as part of the moves away from grain but with a more fragmented landscape in which farmland is increasingly threatened by urban sprawl.




	(3)

	
There are notable differences between our five sample villages based on the nature of their evolving specialisations. The transformation towards multifunctional agriculture increased the supply of ES, especially through the increase in tourism and leisure activities and economic-production services.




	(4)

	
Increases in total ES were most closely associated with the introduction of orchards, vegetables and tourism. The combination of orchards and tourism also contributed most to improved human well-being in the five villages. This reflected both increased income to farm households and improvements in quality of life associated with better provision of schools, medical services, welfare provision and road links to the city.
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Figure 1. Location of five typical villages in Xi’an Metropolitan Zone and their land use in 2020. 
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Figure 2. A linkage analysis framework between agricultural transformation, ES and human well-being in PUAs. 
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Figure 3. Land-use conversion between 2000 and 2020. In the legend, “Arable land→Orchard” means the conversion of arable land to orchard. 
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Figure 4. The conversion of agricultural planting patterns between 2000 and 2020. In the legend, “Grain→Forest” means the conversion of grain planting to forest. 
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Figure 5. Changes in the values of ES. 






Figure 5. Changes in the values of ES.



[image: Land 11 00110 g005]







[image: Land 11 00110 g006 550] 





Figure 6. Changes in ES and human well-being. 
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Figure 7. Relations between changes to ES and human well-being under different agricultural transformation modes. 
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Figure 8. Linking mechanism of agricultural transition, ES and human well-being. 
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Table 1. Typical village profiles.
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	Village
	Population
	Land Area (ha)
	Agricultural Land (ha)
	Agricultural Income as a % of Household Income
	Agricultural Transformation Process





	Huangliangxin
	2648
	118.9
	103.3
	80
	Around 1990, wheat and corn were planted as the main crops (accounting for more than 90% of farmland). Vegetables have been introduced since 2000, with flowers grown from 2015. In 2020, the crops mainly comprised grain and flowers.



	Yueyang
	3000
	419.4
	286.7
	80
	Since the 1990s, grain has been planted continuously. Grain dominates the farmland (96% share of total farmland), with just a small amount of vegetables and trees.



	Duling
	1520
	75.6
	57.3
	45
	Before 1990, wheat, corn and other grain crops were dominant. After 1990, there was a gradual shifting to cherries and grapevines. Together with surrounding villages, a cherry-picking leisure park was created, with an associated tourism businesses. In 2016, Bailucang tourist village and scenic spots were established, and tourism recreation services expanded. Agriculture is dominated by fruit and tourism.



	Hongfeng
	3614
	784.3
	391.9
	55
	Around 2000, grain crops (wheat, corn) accounted for 99% of farmland. In 2005, a rotation of vegetables and grains was apparent. In 2010, more than 50% of farmland was planted with a variety of vegetables. After 2015, the area under grain gradually decreased with further shifts to vegetables and land mainly planted with cabbages and organic cauliflowers.



	Huojian
	4962
	420.7
	353.3
	60
	Before 2000, wheat and corn occupied nearly all farmland. After 2010, some farmers began to grow vegetables, seedlings, flowers and other crops, and there was a flower estate created, engaging in tourism. At present, agriculture is equally dominated by grain and vegetable crops.
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Table 2. Index and weightings for human well-being.
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Dimension

	
Items

	
Indicators

	
Weights






	
Maintain a high quality of life

	
Income

	
Agricultural income (103 yuan)

	
0.0332




	
Agricultural resource supply

	
0.0334




	
Farmer occupation

	
Occupation satisfaction

	
0.0332




	
Allowance policy

	
Agricultural allowance satisfaction

	
0.0332




	
Subsistence resource

	
Domestic water security

	
0.0333




	
Fuel and its supply

	
0.0333




	
Cultural leisure

	
Cultural facilities and services

	
0.0334




	
Cultural and entertainment

	
0.0332




	
Social security

	
Social security

	
0.0333




	
Health and safety

	
Physical health

	
Convenience to seek medical treatment

	
0.0333




	
Life expectancy

	
0.0335




	
Mental health

	
Psychological pressure

	
0.0327




	
Agricultural security

	
Risk of agricultural practice

	
0.0332




	
Living safety

	
Water quality

	
0.0334




	
Food diversification

	
0.0334




	
Beautiful residential environment

	
0.0334




	
Clean air quality

	
0.0334




	
Sewage and waste disposal

	
0.0333




	
Village public security

	
0.0337




	
Capacity of sustainable development

	
Traffic

	
Traffic convenience

	
0.0334




	
Medical care

	
Medical resources and facilities

	
0.0334




	
Education

	
Education facilities and resources

	
0.0334




	
Debt burden

	
Family debt burden

	
0.0333




	
Confidence in rural development

	
Confidence in rural and agricultural development

	
0.0331




	
Good social relationship

	
Family relationship

	
Family reunion

	
0.0335




	
Neighbourhood relationship

	
Harmonious neighbourhood relationship

	
0.0335




	
Villager cohesion

	
0.0335




	
Freedom and justice

	

	
Knowlege of village key decision making

	
0.0333




	
Social justice

	
Allowance satisfaction

	
0.0332




	

	
Independent decision making of farmers

	
0.0335
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Table 3. Land use from 2000 to 2020 (ha).
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Arable Land

	
Woodland

	
Grassland

	
Orchard

	
Water

	
Built-Up Land

	
Unused Land

	
Total Land






	
Yueyang

	
2000

	
296.6

	
0.3

	
7.5

	
2.7

	
5.5

	
94.5

	
12.3

	
419.4




	
2020

	
285.8

	
0

	
0

	
8

	
2.7

	
118.3

	
4.6




	
Change (%)

	
−3.6

	
−100.0

	
−100.0

	
196.3

	
−0.9

	
25.2

	
−62.6

	




	
Duling

	
2000

	
63.4

	
0

	
0

	
0.1

	
0

	
12.2

	
0

	
75.7




	
2020

	
28.4

	
5

	
9.1

	
17.8

	
0

	
15.4

	
0




	
Change (%)

	
−55.2

	
0.0

	
0.0

	
17,700.0

	
0.0

	
26.2

	
0.0

	




	
Huojian

	
2000

	
372.8

	
0

	
0

	
6.5

	
0

	
41.4

	
0

	
420.7




	
2020

	
324.6

	
0

	
0

	
12.1

	
0

	
84

	
0




	
Change (%)

	
−12.9

	
0.0

	
0.0

	
86.2

	
0.0

	
102.9

	
0.0

	




	
Hongfeng

	
2000

	
377.6

	
0

	
1.5

	
11.6

	
5.4

	
88.3

	
0

	
484.4




	
2020

	
362.8

	
9.5

	
0

	
11.5

	
0

	
100.6

	
0




	
Change (%)

	
−3.9

	
0.0

	
−100.0

	
−0.9

	
−100.0

	
13.9

	
0.0

	




	
Huangliangxin

	
2000

	
82

	
0.2

	
0

	
0

	
8.3

	
28.4

	
0

	
118.9




	
2020

	
45.9

	
10.4

	
4.4

	
0

	
0

	
58.2

	
0




	
Change (%)

	
−44.0

	
5100.0

	
0.0

	
0.0

	
100.0

	
104.9

	
0.0
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Table 4. Changes in agricultural land use (ha, %).
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Grain

	
Apple

	
Vegetable

	
Apricots & Plums

	
Melons

	
Grapes

	
Cherries

	
Peaches

	
Beans

	
Flowers

	
Agricultural Land Area (ha)






	
Yueyang

	
2000

	
292.1

	
2.1

	
4.5

	
0.5

	
0

	
0

	
0

	
0

	
0

	
0

	
299.3




	
2020

	
284

	
8

	
1.8

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
293.8




	
Change (%)

	
−2.8

	
281.0

	
−60.0

	
−100.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	




	
Duling

	
2000

	
63.3

	
0.1

	
0.03

	
0

	
0.03

	
0

	
0.04

	
0

	
0

	
0

	
63.5




	
2020

	
30.4

	
0

	
1.7

	
0

	
0

	
7.7

	
18.4

	
0

	
0

	
0

	
58.2




	
Change (%)

	
−52.0

	
−100.0

	
5566.7

	
0.0

	
−100.0

	
100.0

	
45,900

	
0.0

	
0.0

	
0.0

	




	
Huojian

	
2000

	
333.1

	
6.5

	
39.7

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
379.3




	
2020

	
160.6

	
11.3

	
164.9

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
336.8




	
Change (%)

	
−51.8

	
73.8

	
315.4

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	
0.0

	




	
Hongfeng

	
2000

	
360.3

	
1.9

	
17.3

	
3.2

	
0

	
0

	
0

	
6.5

	
0

	
0

	
389.2




	
2020

	
109.9

	
0

	
242.5

	
1.1

	
10.7

	
8.5

	
0

	
1.6

	
0

	
0

	
374.3




	
Change (%)

	
−69.5

	
−100.0

	
1301.7

	
−65.6

	
100.0

	
100.0

	
0.0

	
−75.4

	
0.0

	
0

	




	
Huangliangxin

	
2000

	
79

	
0

	
0.3

	
0

	
0

	
0

	
0

	
0

	
2.7

	
0

	
82




	
2020

	
45.9

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
10.5

	
56.4




	
Change (%)

	
−41.9

	
0

	
−100.0

	
0

	
0

	
0

	
0

	
0

	
−100.0

	
100.0
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Table 5. Characteristics of sampled farmers and their households.
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Feature

	
Classification

	
Duling

	
Hongfeng

	
Huangliangxin

	
Huojian

	
Yueyang




	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%

	
n

	
%






	
Gender

	
Male

	
9

	
37.5

	
7

	
33.3

	
11

	
50

	
9

	
60

	
8

	
50




	
Female

	
15

	
62.5

	
14

	
66.7

	
11

	
50

	
6

	
40

	
8

	
50




	
Age (years)

	
<30

	
1

	
4.2

	
4

	
19

	
1

	
4.5

	
2

	
13.3

	
2

	
12.5




	
30–50

	
4

	
16.7

	
7

	
33.4

	
6

	
27.3

	
6

	
40

	
7

	
43.8




	
50–60

	
7

	
29.1

	
5

	
23.8

	
7

	
31.8

	
5

	
33.3

	
3

	
18.7




	
>60

	
12

	
50

	
5

	
23.8

	
8

	
36.4

	
2

	
13.4

	
4

	
25




	
Educational experience

	
High school and below

	
22

	
91.7

	
17

	
81

	
21

	
95.5

	
11

	
73.3

	
13

	
81.3




	
Junior college degree and above

	
2

	
8.3

	
4

	
19

	
1

	
4.5

	
4

	
26.7

	
3

	
18.7




	
Household income from agriculture

(1000 yuan/year)

	
<30

	
12

	
50

	
10

	
47.6

	
6

	
27.3

	
6

	
40

	
5

	
31.3




	
30–80

	
7

	
29.2

	
7

	
33.3

	
12

	
54.5

	
6

	
40

	
6

	
37.5




	
80–150

	
2

	
8.3

	
2

	
9.5

	
1

	
4.5

	
1

	
6.7

	
2

	
12.5




	
150–200

	
2

	
8.3

	
1

	
4.8

	
2

	
9.2

	
1

	
6.7

	
1

	
6.2




	
>200

	
1

	
4.2

	
1

	
4.8

	
1

	
4.5

	
1

	
6.6

	
2

	
12.5




	
Profession

	
Crop planting

	
21

	
52.5

	
16

	
44.4

	
17

	
51.5

	
13

	
56.5

	
13

	
48.1




	
Livestock

	
0

	
0

	
1

	
2.8

	
0

	
0

	
0

	
0

	
0

	
0




	
Tertiary services

	
14

	
35

	
13

	
36.1

	
15

	
45.5

	
8

	
34.8

	
5

	
18.5




	
Corporate staff

	
3

	
7.5

	
1

	
2.8

	
0

	
0

	
1

	
4.3

	
4

	
14.8




	
Government staff

	
2

	
5

	
1

	
2.8

	
0

	
0

	
0

	
0

	
3

	
11.1




	
Private factory owner

	
0

	
0

	
4

	
11.1

	
1

	
3

	
1

	
4.4

	
0

	
0




	
Others

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
0

	
2

	
7.5




	
Place of residence

	
Dwell in village

	
22

	
91.7

	
17

	
81

	
21

	
95.5

	
14

	
93.3

	
13

	
81.3




	
Occasionally dwell in village

	
2

	
8.3

	
2

	
9.5

	
1

	
4.5

	
0

	
0

	
3

	
18.7




	
Live in city

	
0

	
0

	
2

	
9.5

	
0

	
0

	
1

	
6.7

	
0

	
0




	
Total number (people)

	
24

	
21

	
22

	
15

	
16
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Table 6. Values of and changes to ES.
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Air

Purification

(105 Yuan)

	
Carbon Sequestration and Oxygen Release (105 Yuan)

	
Water Conservation

(105 Yuan)

	
Tourism and Leisure

(105 Yuan)

	
Economic Production

(105 Yuan)

	
Total Value

(105 Yuan)






	
Yueyang

	
2000

	
0.2

	
5

	
0.08

	
0.06

	
0.4

	
5.8




	
2020

	
0.3

	
4.7

	
0.1

	
0.3

	
0.6

	
5.9




	
Change (%)

	
50.0

	
−6.0

	
25.0

	
400.0

	
50.0

	
1.7




	
Duling

	
2000

	
0.03

	
1.1

	
0.01

	
0.01

	
0.08

	
1.2




	
2020

	
0.6

	
1.2

	
0.4

	
0.7

	
0.2

	
3.2




	
Change (%)

	
1900.0

	
9.1

	
3900.0

	
6900.0

	
150.0

	
166.7




	
Huojian

	
2000

	
0.3

	
6.2

	
0.14

	
0.11

	
0.6

	
7.3




	
2020

	
0.3

	
5.04

	
0.3

	
0.6

	
1.3

	
7.6




	
Change (%)

	
0.0

	
−18.7

	
114.3

	
445.5

	
116.7

	
4.1




	
Hongfeng

	
2000

	
0.4

	
6.5

	
0.2

	
0.2

	
0.6

	
7.7




	
2020

	
1

	
5.8

	
0.9

	
0.9

	
1.8

	
10.3




	
Change (%)

	
150.0

	
−10.8

	
350.0

	
350.0

	
200.0

	
33.8




	
Huangliangxin

	
2000

	
0.05

	
1.4

	
0.02

	
0.01

	
0.1

	
1.5




	
2020

	
0.03

	
0.9

	
0.02

	
0.03

	
1.9

	
2.9




	
Change (%)

	
−40.0

	
−35.7

	
0.0

	
200.0

	
1800.0

	
93.3
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Table 7. Change in human well-being scores between 2000 and 2020.
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	Duling
	Hongfeng
	Huangliangxin
	Huojian
	Yueyang





	2000
	4.9
	5.0
	5.1
	4.9
	5.7



	2020
	6.4
	6.2
	6.4
	5.8
	6.1



	Change (%)
	30.6
	24.0
	25.5
	18.4
	7.0
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Table 8. Composite scores for human well-being.
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Maintain High-Quality Life

	
Health and Safety

	
Sustainable Development

	
Good Social Relationship

	
Freedom and Justice






	
Duling

	
2000

	
1.4

	
1.8

	
0.7

	
0.5

	
0.5




	
2020

	
1.7

	
2.2

	
1.1

	
0.8

	
0.7




	
Change (%)

	
21.4

	
22.2

	
57.1

	
60.0

	
40.0




	
Hongfeng

	
2000

	
1.3

	
1.7

	
0.8

	
0.7

	
0.5




	
2020

	
1.7

	
2.2

	
1.1

	
0.7

	
0.6




	
Change (%)

	
30.8

	
29.4

	
37.5

	
0.0

	
20.0




	
Huangliangxin

	
2000

	
1.3

	
1.7

	
0.9

	
0.7

	
0.5




	
2020

	
1.6

	
2.3

	
1.2

	
0.8

	
0.7




	
Change (%)

	
23.1

	
35.3

	
33.3

	
14.3

	
40.0




	
Huojian

	
2000

	
1.2

	
1.7

	
0.8

	
0.6

	
0.5




	
2020

	
1.6

	
1.9

	
1

	
0.7

	
0.6




	
Change (%)

	
33.3

	
11.8

	
25.0

	
16.7

	
20.0




	
Yueyang

	
2000

	
1.6

	
1.9

	
0.9

	
0.7

	
0.6




	
2020

	
1.8

	
1.9

	
1.1

	
0.7

	
0.7




	
Change (%)

	
12.5

	
0.0

	
22.2

	
0.0

	
16.7
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