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Cultivated land is a compound social-ecological system with the highest dependence on human beings. With changes in human demand, the function of the cultivated land system has undergone profound transformation. In this study, we analyze the development and evolution of cultivated land system functions, with the aim of providing decision-making support for national macro-management. Drawing on social-ecological system theory, and using multi-factor comprehensive analysis, ArcGIS spatial analysis, and a gray correlation model, this research evaluates the multifunctional temporal and spatial differences in the cultivated land system in 113 counties in Henan Province, China and analyzes their driving factors. The results show that: (1) the overall function of the cultivated system in Henan Province has obvious stage characteristics over the past 20 years, with the cultivated land function index being low from 1998 to 2013, and gradually increasing after 2013; (2) the trend of the cultivated land function has a progressive character, with the function index fluctuating from 0.3 to 0.6; (3) There is an obvious hierarchy among the sub-functions, showing the public role of production function, economic contribution function, employment guarantee function, food security guarantee function, and ecological security maintenance function; (4) Coordination analysis shows that there are trade-offs and synergies between sub-functions and the overall functions of the system; (5) Gray correlation analysis shows that urbanization, industrialization, agricultural modernization and agricultural policies play an important driving role in the evolution of cultivated land functions. These results not only provide a methodological and scientific basis for the evaluation, management and decision-making of cultivated land systems, but also provide a theoretical exploration of how the transformation of cultivated land goals can be integrated with sustainable development goals.
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INTRODUCTION

In 2017, the Chinese central government implemented a higher quality development strategy, of which improving the quality of agriculture and enhancing rural development capacity is one of the key components. This is due to the growing uncertainty in food production, both domestically and internationally, since 2013, as the population’s food consumption structure has been upgraded, climate change and depletion of soil and water resources have had an impact. Vulnerability, risk and transformation of cultivated land system functions have become key research areas for the international sustainable development goals and China’s cultivated land conservation targets. However, China’s per capita cultivated land area has halved in the last 45 years (Wang et al., 2018), and cultivated land resources have been plundered by multiple demands and become scarce (Mertz and Merens, 2017), which in part hinders the achievement of Sustainable Development Goals (SDGs) including responsible consumption and production, zero hunger, health and well-being, and reduction of inequality. Therefore, how to shift from a focus on resource conservation to enhancing the functional value of resources? How to improve the function of cultivated land systems is an important issue related to whether the international SDGs and China’s cultivated land conservation goals can be achieved (Schlager and Ostrom, 1992; Spalding, 2017; Wang et al., 2018).

Cultivated land is a complex social ecosystem with the highest degree of human dependence. The function of cultivated land tends to be diversified to meet the development needs of human society (Song and Ouyang, 2012). However, previous research has tended to focus on the relationship between cultivated land system functions and land policy (Jepsen et al., 2015; Liu et al., 2017; Spalding, 2017). However, it has failed to provide a thorough explanation of why changes in cultivated land use may conflict with policies for the use of cultivated land (Liu et al., 2017), and researchers still know very little about the link between land policy and changes in the functions of cultivated land (Jepsen et al., 2015; Spalding, 2017). In particular, only a few scholars have discussed the internal relationship between food demand and changes in the functions of the cultivated land system from the perspective of land-use strategy. Therefore, this study focuses on the dynamic balance and spatial coordination between the social and ecological systems of cultivated land, and aims to develop a framework to interpret the functional changes of the cultivated land system in different stages of social and economic development. To achieve this aim, it addresses the following questions: What are the trends in changes in various functions within the cultivated land system? What are the factors driving changes in the functions of the cultivated land system? The answers not only provide a methodological and scientific basis for assessment, management, and decision-making in the cultivated land system but also clarify the change process and driving mechanism of the ecosystem service function under different land-use types.



FUNCTION EVOLUTION AND CONSTRUCTION OF THEORETICAL FRAMEWORK

Based on the characteristics of the relationship between people and land at different stages of development, the objectives and paths of cultivated land conservation in China are constantly being optimized. The functions of the cultivated land system change as the objectives of cultivated land conservation change: along with the staged, multi-level and progressive needs of urban and rural residents, the functions of the cultivated land evolve in a diversified manner with different primary and secondary functions. Specifically, the stages are characterized by a clear change in the objectives of cultivated land conservation from eating enough to eating well to eating healthily at different stages of economic development. The hierarchy corresponds to the change from single to multiple functions of the arable land system, i.e., from purely resource supply protection to the synergistic protection of resource function and value supply and demand; the gradual transformation from the current “three-in-one” protection of arable land in terms of quantity, quality and ecology to the “five-in-one” goal of arable land in terms of quantity, quality, ecology, function, and value.


Function Evolution of a Cultivated Land System Based on Needs

Cultivated land is a natural complex with multiple functions, and cultivated land system functions evolve with the needs and regional differences of urban and rural residents (Zhao et al., 2007). Previous research (Zhao et al., 2007; Jiang et al., 2011) on cultivated land system functions has focused on staple food production, conducting theoretical analysis on the multifunctionality of agriculture from an economic perspective and concentrating on the value status of agricultural functions (John et al., 2013). The functions of the cultivated land system change with the different stages of social and economic development, which follow the staged, multi-hierarchical, and gradual needs of urban and rural residents. Staged needs are manifested as the evolutionary development of life needs at different stages of economic development in terms of having enough to eat, being able to eat well, and being able to eat healthily. Based on the national grain output and per capita grain demand, this paper divides the functional change of cultivated land into four stages, namely insufficient basic need stage (before 1978), basic need stage: (1978–2000), multi-need transformation stage (2000–2013), and high-quality need stage (since 2013). Hierarchical needs correspond to the change from single to diversified cultivated land system functions (Jiang et al., 2011). Finally, it should be noted that there are significant regional differences in the cultivated land system functions.


Basic Need Stage: Having Enough to Eat (1978–2000)

Before the 2000s, the production function of the cultivated land system played an important role in meeting people’s basic needs. Since the early 1980s, China had empowered the cultivated land system through the reform of the land system; farmers obtained the right to possess, use, and retain part of the income from cultivated land through the household contract responsibility system (Kong, 2016). This reform allowed farmers to make their own decisions on crop varieties and scopes, which strengthened their enthusiasm for agricultural production (Han, 2019). Taking data from national statistics, we analyzed China’s gross output value of agriculture and per capita food output and found that, before 1978, per capita food output was always lower than 340 kg, thereby remaining in a low-level production state that cannot meet people’s most basic life needs. However, following the reform, agricultural production developed rapidly. In 1983–2000, the national crop sown area reached about 11,000 billion ha. In 2000, the total national grain output reached 462.17 million t, an increase of 94.89 million t from 1983, as shown in Figure 1.
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FIGURE 1. China’s grain sown area and output, 1983–2020.


In the middle of the 1990s, because of the instability of cultivated land contract rights and the continuous changes and reforms of the rural economic and political system, farmers lacked a sense of security in relation to land-use rights and were failing to form long-term investment expectations. They had to choose short-term or reduced cultivated land fertility operation methods (Feng et al., 2013), which led to a stagnation of total grain output. After 1994, with the implementation of the land policy of “increasing people without increasing land and reducing people without reducing land” and measures including reform of taxation expenses in most regions, national grain output rose steadily. However, due to the impact of rural industrialization, a large amount of high-quality cultivated land in the eastern region was occupied, and grain output dropped for a time. Nevertheless, after more than two decades of rural land system reform, the problem of providing adequate food and clothing, which plagued China for many years, has finally been resolved. During this period, optimization of the cultivated land-use policy has become the best way to improve the living standards of farmers (Yuan et al., 2007).



Multi-Need Transformation Stage: Being Able to Eat Well (2000–2013)

Since the 2000s, the functions of cultivated land have been transformed from the original function of staple food production to the functions of diversified production and security. This is because people’s demand for an improved quality of life is increasing rapidly. However, both rural villages and agricultural developments have faced difficulties because of a lack of labor and cultivated land. In addition to the reduction of the scale of cultivated land, a large amount of rural labor has moved into secondary and tertiary industries because of rapid urbanization and rural industrialization. In 2005, China completely abolished the agricultural tax, and in 2007, the No. 1 central document proposed a series of agricultural policies such as “industry nurturing agriculture” and the “vegetable basket project” under the responsibility of local leader. The purpose of these policies is to stabilize grain production and ensure that people’s growing substantial needs are met. Driven by these two goals, agricultural production achieved diversified development, and the outputs of grain, oil, fruit, and vegetables was comprehensively increased. Cai and Huo (2006) has argued that, to reflect the social security capacity of cultivated land, a standardized rural social security mechanism and social equity mechanism should be established through the transfer of cultivated land operation rights. By studying the relationship between the consumption demand of Beijing urban residents and the function of cultivated land, Zhao et al. (2007) found that residents’ consumption of grain, meat, poultry and related products, and vegetables declined continuously, while consumption demand for high-protein, low-fat milk and dairy products, prestigious high-quality dried and fresh fruits, and aquatic products increased significantly. More attention was being paid to the quality of agricultural products, as well as to the tourism and leisure functions of cultivated land, reflecting an increasing focus on improvement of the quality of life and increased spiritual enjoyment.



High-Quality Need Stage: Being Able to Eat Healthily (Since 2013)

Since 2013, the idea of ecological civilization has been a deeply rooted concern. People’s pursuit of a higher quality of life has intensified, and there is strong demand for organic products, pollution-free ecological products, and green food. Thus, the Chinese Central Government has implemented a higher-quality development strategy for improving the quality of agriculture and empowering rural development. The functions carried by cultivated land have also been further transformed, with a focus on the conservation and construction of cultural and ecological functions. Cultivated land should not only provide sufficient grain yield but should also meet people’s growing need for high-quality development through green construction. Existing research has made useful explorations of the interaction of sub-functions of cultivated land (Du et al., 2016), the driving mechanism of cultivated land functions (Qin et al., 2018), the evolution and prediction of cultivated functions (Zhang et al., 2021), and the coordination and management of cultivated functions. Since 2013, the contradiction in agricultural production has changed from an insufficient total amount to the coexistence of excess of supply over demand and insufficient supply. Therefore, multifunctional agricultural development and cultivated land raise following requirements: adjusting the agricultural production structure; accelerating the development of diversified, advantageous, and multifunctional agriculture; continuously improving the quality and efficiency of agriculture; and meeting people’s needs for a healthy and green life.




Connotation and Classification of Cultivated Land System Functions


Evolution of Cultivated Land System Functions

Cultivated land system functions are the functions of meeting the needs of human production and life, the different roles of cultivated land in different stages of economic development, and the ability of the cultivated land system to provide various products and services that meet the needs of human existence and development. The concept of multiple cultivated land system functions originated from the multiple functions of agriculture, as formally confirmed by the United Nations in 1992 (Song and Ouyang, 2012). In 2004, the sixth framework project of the European Union set out the concept and analysis framework of multifunctional land use. In 2021, the United Nations Food and Agriculture Organization defined the sustainable goal of land function as “ensuring food security, improving nutrition and ensuring everyone can afford a healthy diet” (FAO, 2021), noting that multifunctional land use is the state and manifestation of regional land-use function and its environmental, economic, and social functions, and an important theoretical and methodological system for evaluating the impact of land-use change on its functional sustainability (Zhen et al., 2009). Multifunctional land use is the state and performance of regional land-use function and its environmental, economic, and social functions, and it is an important theoretical and practical system for evaluating the impact of land-use change on the sustainability of its function (Cai, 2001).



Relationship Between and Classification of Cultivated Land System Functions

Cultivated land function is the carrier of cultivated land quality, and the connotation of cultivated land quality is continuously enriched by the increase of needs for functions. The multiple functions of cultivated land come from the diversity of regional development goals, the diversity of social needs, and the versatility of land use (Liu et al., 2011). The functions of cultivated land can be summed up as economic contribution, food production, social security, and ecological services (Wang et al., 2020). In 1999, Japan promulgated its Basic Law on Food, Agriculture and Rural Areas which classified cultivated land functions. This law emphasizes that, in addition to economic functions, cultivated land also has multiple social, ecological, and political functions (Cai, 2001), including water conservation, flood control, soil conservation, prevention of landslides, degradation of organic waste, air purification, climate regulation, and leisure and health care. The Organization for Economic Co-operation and Development (OECD) also argues that cultivated land functions should include the ecological environment, food security, social stability, and rural cultural functions. Yoshida et al. (2019) divided cultivated land functions into three categories: economic output, social security, and ecological functions. Wiggering et al. (2006) divided cultivated land functions into production, filter buffer, gene banks, and biological habitat functions. On this basis, Herzon and Helenius (2008) divided cultivated land functions into four types: production, carbon sequestration, water purification, and biological habitat. The previous research discussed above has shown the diversity of cultivated land functions. However, a systematic framework is needed to understand the roles of different functions.



Cultivated Land System as a Complex Social-Ecological System

Cultivated land is a complex social-ecological system (SES) that carries human activities, and human beings depend on the SES for survival. Social-ecological systems SES form an organic whole through the interaction of material cycles and energy flows in a certain spatial and temporal context. This system is made up of ecological and social subsystems, which do not have static relationships with each other, but rather interact with each other and evolve together (Berkes, 2000). Holland (1994) and Cumming (2011) have pointed out that the SES includes social, economic, and ecological subsystems, which have the ability to adapt and learn to the environment, and that changes and coordination within the system form a dynamic and stable hierarchical structure. The cultivated land system is one of the subsystems embedded in the social-ecological system, the social-ecological system that carries the most profound human activities, a dynamic and complex system driven by the interaction of the social system and the ecosystem, forming a multi-factor, multi-level and multi-functional system (Berkes et al., 2000; Walker et al., 2002; Zou et al., 2021). The social system in the cultivated land system structure refers to human society and forms the core structure of human survival and activities; the ecological system in the cultivated land system structure is composed of soil, living things, and the non-living parts of water and air, and it is the result of human intervention over thousands of years.

Cultivated land system functions are derived and evolved from the SES structure and can be divided into basic functions and derivative functions. The basic function meets the low-level life needs of human beings in terms of having enough to eat, while the derivative function meets the diverse needs of human beings that is, being able to eat well and healthily. The syntegration of the two functions is the ultimate direction for meeting the needs of urban and rural residents (Zhao et al., 2007; Song and Ouyang, 2012). Zhang et al. (2018) extended their enquiry from the evolution of the secondary sub-functions of cultivated land to the exploration of the evolution of the multifunctional and integrated functions of cultivated land resources. By constructing an evaluation indicator system, Yang and Tan (2014) and Chen et al. (2021) quantified the multiple functions and evolutionary trends of cultivated land. Using a multi-dimensional evaluation model, Gómez Sal and González García (2007) evaluated the ecological, production, economic, cultural, and social functions of the Spanish agricultural land-use system. In terms of spatial scale, existing research has analyzed the temporal and spatial characteristics of the evolution patterns of the multiple functions of cultivated land (Luo and Cai, 2016; Meng et al., 2021). The safety of cultivated land safety has also attracted much attention. Kuang et al. (2018) and Li and Dong (2019) diagnosed obstacles and driving factors that affect cultivated land safety. Qin and Wang (2020) conducted a study on the optimal allocation of safe usage and early warnings in relation to cultivated land safety. Zhu et al. (2020) analyzed the practical path of the multifunctional management of cultivated land in China.

Achieving a win-win situation for both sustainable development goals and cultivated land conservation goals requires proper management of the relationship between population, society, economy and resources, and respect for the integrity and inherent laws of social-ecological systems (Liu et al., 2011; Qin et al., 2018; Zhang et al., 2021). It also requires balancing the current needs of high-quality human social development on the basis of making full use of natural ecological values and integrating the conflicts and synergies of multiple functions in the use of cultivated land systems (Shi et al., 2015; Zou et al., 2020). However, few studies have focused on the relationship between human and cultivated system structure and functions from the perspective of SES theory. Through the interpretation of changes in the functions of the cultivated land system in different stages of social and economic development, this study attempts to argue that the dynamic balance and spatial coordination between the social and ecological systems of cultivated land could be an important principle for measuring regional sustainable development.




Conceptual Framework

This study focuses on how people’s high-quality life needs affect changes in the cultivated land system functions in the context of the current high-quality social and economic development, and on the reasons and mechanisms driving the changes in the cultivated land system functions (Figure 2). Using multi-factor comprehensive analysis, ArcGIS spatial analysis, and a gray correlation model, and taking Henan Province, a major grain production province in central China, as the research object, we constructed an indicator system for the functions of the cultivated land system based on county administrative unit (Figure 3). The statistical analysis focuses on the changing characteristics of cultivated land functions during the transition period from “eating well” to “eating heathy” (1998–2017), and the analysis of the driving factors affecting cultivated land functions, and the exploration of the synergies and trade-offs between different functions, with a view to providing policy support for the spatial optimization and control of national land resources. Finally, we explored the synergy and trade-off relationships between different functions, to provide policy support for the optimization of space management and control of national land resources.
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FIGURE 2. Research framework diagram.
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FIGURE 3. Description of cultivated land system function evaluation indicators.





RESEARCH METHODS AND DATA SOURCES


Overview of the Study Area

Taking 113 counties in Henan Province as the research object, we evaluated the functions of the cultivated land system in the province. As an important is of China for agriculture, grain production, and population, Henan Province produces 1/4 of China’s wheat and 1/10 of its grain, with 1.73% of the country’s land area and 1/16 of its cultivated land area. In 2020, Henan Province had 8.0233 million ha of cultivated land, and its annual total grain yield was 68.258 billion kg. The total grain yield has remained above 55 billion kg for the 15 consecutive years since 2006. This yield not only addressed the food needs of more than 100 million people in Henan Province but also allowed the transfer of 20 billion kg of raw grain and processed products every year, thereby playing a particularly important role in China’s national food security.

Within the total output value of agriculture, forestry, animal husbandry, and fishing in the proportion of the planting industry was declining gradually, whereas that of forestry, animal husbandry, and fishing continued to increase. Since the reform and opening up, Henan Province has introduced policies and measures to encourage the development of diversified operations and to promote agricultural industrialization. As a result, agricultural production and operation have gradually diversified. Particularly since the 18th National Congress of the Communist Party of China, the policy system for strengthening and benefiting farmers has been improved, the structural reform of the agricultural supply side has been deepened, and the structure has been adjusted and optimized. The planting area of high-quality peanuts reached 1,203,200 ha, the largest in China. The output value of the top ten superior and characteristic agricultural bases in the whole province reached 434,337 billion yuan, accounting for 56.0% of the total output value of agriculture, forestry, animal husbandry, and fishing in the province. Furthermore, the provincial agricultural production level has been greatly improved, and the output of major agricultural products such as grain, vegetables, fruit, oil, and meat has continued to increase, providing a solid material foundation for the continuous improvement of living standards. In 2018, the province’s output of vegetables and edible fungi was 72.67 million t; its outputs of oil and fruit crops were 6.3105 million t and 9.0739 million t, respectively; its total outputs of meat, poultry and eggs, dairy products, and aquatic products were 6.6268 million t, 4.1361 million t, 2.0265 million t, and 0.9838 million t, respectively.



Data Sources

For this study, cultivated land data were mainly obtained from the Middle and Lower Reaches Yellow River Branch of the National Earth System Science Data Center of the Chinese Academy of Sciences, the 2000–2019 Henan Statistical Yearbook and the statistical yearbooks of counties and cities (districts), the 2000–2019 Land and Natural Resources Bulletin, the 2000–2019 Henan Bulletin of Soil and Water Conservation, the statistical bulletins of Henan Province and counties and districts, and government work reports. The data were collected on site, from various functional departments of Henan Province, or through interviews. In particular, Zhengzhou Municipal Bureau of Natural Resources and Planning provided land-change survey data and related document reports for 2000–2019; the Agriculture Bureau of Henan Province and each city provided information on agricultural production, agricultural disasters, and disaster prevention in the years concerned; and relevant studies and research reports provided support for the data collection and analysis.



Selection of Evaluation Indicator Factors

Through our overall survey of the existing basic conditions of cultivated land and the functional needs of local residents, we constructed an evaluation indicator system for the functions of the cultivated land system in Henan Province. Given the availability of data and the difficulties of quantification, and in accordance with established scientific, systematic, and hierarchical principles (FAO, 2021), we established an evaluation indicator system covering the production, job security, economic contribution, food security, and ecological safety maintenance functions of cultivated land system, as indicated in Table 1.


TABLE 1. Evaluation indicator system for functions of cultivated land system in Henan Province.

[image: Table 1]
(1) The production function refers to the ability of cultivated land, as the fundamental means of production. The area of cultivated land and the degree of agricultural mechanization are used as indicators for the production function. (2) The job security function is an administrative measure taken by the state to create employment conditions and expand employment opportunities by relying on land in order to guarantee citizens’ realization of their labor rights. The area of cultivated land per capita and the proportion of the population engaged in agriculture are used as indicators of the employment security function provided by the cultivated land system. (3) The economic contribution function refers to the output efficiency developed on the basis of the capital and labor invested in the cultivated land system. This function can be expressed at the micro level through the agricultural income of rural households; at the same time, as a basic means of production, cultivated land can also be expressed at the macro level in terms of its output efficiency in terms of its contribution to the gross national economic product. Therefore, the per capita agricultural income of rural residents and the share of agricultural GDP are selected to characterize the economic contribution function of the cropland system, respectively. (4) The food security function refers to the ability of arable land to secure the food needs of the population in a given region through its production function [24]. Therefore, the regional per capita food supply was selected to express the food security function of arable land. (5) The ecological security maintenance function refers to the role of arable land in maintaining soil health and ecological balance. David Pimentel has pointed out that the excessive use of pesticides and chemical fertilizers has led to a higher rate of land loss than land replenishment on arable land worldwide; at the same time, irrigation has a direct impact on the quality of the land [25]. Therefore, the ratio of fertilizer application to effective irrigated area was chosen as an indicator factor for the ecological security maintenance function, and the ecological service value of arable land was valued with reference to the ecological service value per unit area equivalent factor of Chinese ecosystems.



Research Methods


Determination of Index Weight

In this study, subjective and objective methods were used to determine the weight of each index. The objective weighting method adopted the entropy method, and the subjective weighting method adopted the analytic hierarchy process. For the analytic hierarchy process, we invited relevant experts to compare the evaluation indexes of cultivated land system function pairwise and to score them layer by layer, building a judgment matrix of target layer and criterion layer, and criterion layer and index layer. On this basis, we used the square root method in Yet another AHP software to find the largest characteristic root of the judgment matrix and its corresponding characteristic vector. Since the consistency test was passed, the calculated feature vector was taken as the index weight (Zhang et al., 2021), and the weight vector Wp was as follows:

[image: image]

The objective weighting method is to determine the weight of the index according to the amount of information contained in the index data. In this paper, the entropy weight method is used to determine the entropy weight Wq of each index through calculation, which is expressed as follow:

[image: image]

The average weight of Wp and Wq, i.e., Wi = 1/2 × (Wq+Wp), is combined to determine the weight Wi for each indicator of cropland ecosystem function, expressed as:

[image: image]

The results are shown in Table 1.



Calculation of Function Index

A multi-factor weighted integrated model is used to calculate the Cultivated Land Multifunctional Index. The greater the Cultivated Land Multifunctional Index, the better the functional status of the cultivated land and the greater the sustainability of the cultivated land system. The calculation formula is as follows:

[image: image]

where F(pro), F(job), F(econ), F(food), and F(ecol) denote the production function index, job security function index, economic contribution function index, food security function index, and ecological function index, respectively. w(pro)i, w(job)i, w(econ)i, w(food)i, w(ecol)i, f(pro)i, f(job)i, f(econ)i, f(food)i, and f(ecol)i are the weights and standardized evaluation index values of the ith index of the production, job security, economic contribution, food security, and ecological functions of cultivated land. F(pro), F(job), F(econ), F(food), and F(ecol) are in the range 0–1; the higher the value, the stronger the corresponding function.



Calculation of Coordination Degree

From the perspective of system theory, there are conflicts, trade-offs and synergies between the five sub-functions and the total functions of cultivated land. However, since they cannot be analyzed in quantitative form, the coordination analysis method is introduced to analyze the conflicts and synergies between the sub-functions and the total function. The formula is as follows:
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In the above formula, Di is the coordination coefficient of the ith sample; Ti is the standard deviation of each criterion level value for the ith sample; and Pi is the mean of each criterion level value for the ith sample.

The coordination theory holds that the coordination degree C is between 0 and 1, and when C ≥ 0.8, the coordination degree is extremely high, and each index factor of cultivated land function is highly coordinated; When 0.6 ≤ C ≤ 0.81, each index factor of cultivated land function is relatively coordinated; When 0.4 ≤ C ≤ 0.61, each index factor of cultivated land function is moderately coordinated; When 0.2 ≤ C ≤ 0.41, each index factor of cultivated land function is in an uncoordinated state; When C ≤ 0.21, each index factor of cultivated land function is in extremely uncoordinated state.



Calculation of Gray Relational Degree

Gray correlation analysis is a model that quantitatively measures the degree of similarity or difference between the factors, reflecting the characteristics of correlation and degree of difference between things (Lester, 1995). The closer the indicator change trend is, the greater the correlation coefficient; otherwise, the smaller.
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We ranked the gray correlation degree of each factor and obtained the final conclusion:

[image: image]

The result of gray correlation degree can identify the influence degree of each factor on cultivated land function.





RESULTS AND ANALYSIS


Dynamic Evolution of the Functions of the Cultivated Land System in Henan Province


Evolution Trend of the Total Function of the Cultivated Land System

As shown in Figure 4, the pattern of change in the function of the cultivated land system in Henan Province has obvious stage and progressive characteristics. In 1998–2018, the total functional intensity of the cultivated land system in Henan Province increased was at a medium level, and the functional index remained in the range of 0.3–0.6, with a maximum of 0.59 and a minimum of 0.30. Overall, the function index of the cultivated land system in these 21 years experienced two stages of first decrease and then increase, while the overall trend of change was progressive and fluctuating. The results show that the stages of change in the function of cultivated land in Henan Province are generally consistent with the stages of evolution of the function of cultivated land in China analyzed in 2.1 of this paper. As our data only cover the period 1998–2018, the results are only presented for the last two stages, i.e., the “eating well” and “eating healthily” stages as below:
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FIGURE 4. Grain yield of Henan Province, 1974–2020.



(1)The “eating well” stage from 1998 to 2009. The total function index of the arable land system tended to decrease, with an overall low level, fluctuating between 0.4 and 0.3, with a relatively small decrease. In response, Henan Province adopted a series of improvement measures such as saving and intensive use of land, increasing the degree of mechanization of arable land and input of pesticides and fertilizers, as well as abolishing agricultural taxes and increasing subsidies for arable land to limit the trend of decreasing function of cultivated land.

(2)The “eat healthily” stage from 2013 to 2018. The overall function of cultivated land continued to increase, with the index fluctuating slightly between 0.5 and 0.6. During this period, the cultivated land system transformed into a synergistic protection of quantity, quality and ecology, and Henan Province further took active measures to promote the construction of high-standard cultivated land. While improving the yield and quality of wheat, oil, fruit, sparse vegetables and tea, the result of improving the ecological function of the cropland system was achieved by reducing the use of chemical fertilizers and pesticides as well as rotational fallowing. Thus the functions of cultivated land at this stage show diversified development.





Evolution Trend of the Sub-Functions of the Cultivated Land System in Henan Province

The sub-functions of the cultivated land system have a clear hierarchy, and the trends of change are presented with different progressive characteristics (see Figure 5).
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FIGURE 5. Change trend for cultivated land functions in Henan Province, 1998–2018.



(1)The production function index increased. From 1998 to 2008, the production function index of the cultivated land system in Henan Province showed an increase of about 0.14; after 2009, it tended to be steadier. The mechanization degree of cultivated land was greatly strengthened, and the output per unit area of cultivated land was increased. Therefore, the production capacity of cultivated land was strengthened.

(2)The job security function index declined. From 1998 to 2009, the job security function index small fluctuated under 0.1. After 2010, it increased significantly to 0.19 before undergoing a slight decline to 0.15. The job security function of cultivated land has gradually weakened because rapid urbanization has enabled a large number of migrant workers to work and live stably in the cities since 2010.

(3)The economic contribution function index first declined and then rose slowly. The index remained at a low level from 1998 to 2007 (from 0.11 in 1998 to 0.05 in 2007). After 2007, with the purpose of maximizing benefits, most farmers replaced bulk grain as cash crops to increase their return per unit area of cultivated land. As a result, the economic contribution function of cultivated land rose (from 0.05 in 2007 to 0.21 in 2018). Changes in planted cash crops, increasing agricultural mechanization, and increasing benefits per unit area of cultivated land also made a significant contribution to this trend.

(4)The overall food security function remained at a low level. From 1998 to 2004, the food security function index of cultivated land in Henan Province remained below 0.02. Since 2005, it has gradually increased. Its maximum value of 0.06 in 2006 is relatively low. This indicates that there is still a big gap between the food security function of Henan Province and China’s development positioning strategy.

(5)The ecological safety maintenance function index showed a generally declining trend. It rose from 0.21 in 1999 to 0.03 in 2013. Since 2014, it has increased, but at a low rate.






Analysis of the Spatial Characteristics of the Functions of the Cultivated Land System

This study selected cross-sectional data for four specific years (1998, 2005, 2010, and 2017) to investigate the spatial pattern characteristics of the sub-functions of the cultivated land system in 113 counties of Henan Province.


Spatial Characteristics of the Production Function

Figure 6 illustrates that in 1998 the overall production function of cultivated land in Henan Province was weak, and high-value areas were concentrated in Anyang City and parts of the cities of Hebi and Jiaozuo. In particular, the production function of both Xun County and Qi County in Hebi City was 0.14, higher than other cities. The lowest production function was found in Xinyang City, at only 0.01. In 2005, the production function of the central and northern regions of Henan Province were significantly better, with Xuchang City showing the most improvement. The city with the most significant decline was Anyang City, dropping from 0.09 to 0.02. In 2010, the overall production function was improved, and the production function of the southern region was strengthened significantly. High-value areas were mainly concentrated in the cities of Nanyang and Xinyang. In 2017, the overall production function underwent steady change. Xinzheng City and Xinmi City each showed a slight decline, dropping from 0.11 and 0.15 to 0.09 and 0.12. Only the urban area of Zhengzhou City declined significantly, from 0.15 to 0.07. In summary, the overall production function continued to strengthen over the period.


[image: image]

FIGURE 6. Spatial difference of production function of cultivated land in Henan Province.




Spatial Characteristics of the Job Security Function

According to Figure 7, in 1998, the overall job security function of cultivated land in Henan Province was low. Low-value areas were mainly concentrated in the cities of Shangqiu and Hebi, whereas high-value areas were mainly in Puyang City, with a value of 0.17. In 2005, the job security function in the western region of Henan Province weakened severely, specifically in the cities of Zhengzhou (from 0.20 to 0.07), Xinmi (from 0.20 to 0.09), Nanyang (from 0.17 to 0.06), and Luoyang (from 0.18 to 0.08). In 2010, the overall job security function of Henan Province was improved. With the exception of the cities of Puyang and Xinyang, the job security function value of cultivated land was maintained in the range of 0.16–0.20. In 2017, the overall job security function of the whole province was relatively high. Areas north of the Yellow River, such as Anyang, Xinxiang, and Jiaozuo, showed a significant increase, and their job security function index remained between 0.15 and 0.17. Only few cities saw weakened job security (an index of 0.01 only).
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FIGURE 7. Spatial difference of job security function of cultivated land in Henan Province.




Spatial Characteristics of the Economic Contribution Function

As shown in Figure 8, in 1998, the economic contribution function of cultivated land was relatively high in Nanzhao County of Nanyang City, Yanshi County of Luoyang City, the urban area of Sanmenxia City, Yongcheng County of Shangqiu City, Luoshan County and Huangchuan County of Xinyang City, and Shangshui County of Zhoukou City. Meanwhile, many counties in the cities of Zhumadian, Sanmenxia, and Luoyang cities had a low economic contribution function, in the range 0.01–0.02. In 2005, the overall economic function of cultivated land in Henan Province declined slightly, especially in 2007, when it dropped to its lowest level. In 2010, the economic contribution function showed significant improvement. Some counties of Nanyang City had a higher rate of increase, namely Fangcheng (from 0.10 to 0.15), Neixiang (from 0.05 to 0.12), and Tanghe (from 0.06 to 0.15). In 2017, the economic contribution function of Lingbao and Yima counties of Sanmenxia City saw the most significant increase. Meanwhile, the most significant declines were in Shangcheng County of Xinyang City (from 0.11 to 0.08) and Zhengzhou City (0.14 to 0.04). However, on the whole, the economic contribution function of cultivated land in Henan Province underwent significant improvement in 1998–2018.
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FIGURE 8. Spatial difference of economic contribution function of cultivated land in Henan Province.




Spatial Characteristics of Food Security Function

As shown in Figure 9, in 1998, with exceptions of Luoshan County in Xinyang City, Sanmenxia City, and some counties and districts in Zhengzhou City, the counties and districts of Henan Province had a low food security function. In 2004, significant downward trends were observed in Shangcai County of Zhumadian City (from 0.07 to 0.04) and Neixiang County of Nanyang City (from 0.05 to 0.02). In 2010, the overall food security of cultivated land in Henan Province was weak. Specifically, Zhengyang County of Zhumadian City, Yexian County, and Jiaxian County of Pingdingshan City had the lowest food security function value. In 2017, the food security function value of Huaibin and Shangcheng counties of Xinyang City, Dengzhou City and Tanghe County of Nanyang City, and Weihui and Changyuan counties of Xinxiang City increased to varying degrees, with Changyuan County showing the most significant increase. Henan Province, as a traditionally important food province, continued to occupy an important position in China’s food security. Nevertheless, China’s food security function remained at a low level from 1998 to 2018, and it was unable to meet the food needs of the country’s huge population.
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FIGURE 9. Spatial difference of food security function of cultivated land in Henan Province.




Spatial Characteristics of Ecological Safety Maintenance

As shown in Figure 10, in 1998, the ecological safety maintenance function of cultivated land in Henan Province was strong in the north and weak in the south. Specifically, Xiuwu County and Boai County of Jiaozuo City, in the northern area, had relatively ecological safety maintenance function values, both in the range 0.2–0.24. In 2005, the ecological safety maintenance function changed a little, although it continued to show the trend of high in the north and low in the south. In particular, the ecological safety maintenance function values of cultivated land in Weishi and Tongxu counties of Kaifeng City were improved, from 0.02 to 0.03 and 0.04, respectively. In 2010, the ecological safety maintenance function values of cultivated land in the Tanghe and Xixia counties of Nanyang City increased significantly. In 2017, the ecological safety maintenance function values of cultivated land in Neixiang County of Nanyang City, Luanchuan County of Luoyang City, Gushi County of Xinyang City, and Shangcai County of Zhumadian City were relatively low, mainly in the range 0.006–0.013. On the whole, in 1998–2018, the ecological safety maintenance function of cultivated land in Henan Province fluctuated within a small range, showing a continuous downward trend.
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FIGURE 10. Spatial differences in the ecological safety maintenance function of cultivated land in Henan Province.






ANALYSIS OF COORDINATION, TRADE-OFF, AND DRIVING FACTORS OF CULTIVATED LAND SYSTEM FUNCTIONS


Coordination of Cultivated Land Functions in Henan Province

Degree of coordination is an important indicator for measuring the coordination between the sub-functions and total functions of the cultivated land system. In the context of current high-quality development, people’s demands for cultivated land are increasingly diversified. This will apply or reduce external inputs to change various functions and the status of cultivated land. Thus, the cultivated land system is able to meet not only people’s ever-increasing material life needs but also the high-quality demands of ever-evolving spiritual life.

However, the production, job security, economic contribution, food security, and ecological safety maintenance functions of the cultivated land system are not synergistic with each other. This generates a synergy or trade-off relationship between the sub-functions and the total functions of the cultivated land system. Therefore, this study used the coordination analysis method to analyze the conflict and synergy relationship between sub-functions and total functions.

As shown in Figure 11, from 1998 to 2018, the coordination degree of cultivated land use in Henan Province fluctuated. Specifically, in 1998–2000, cultivated land use gradually developed from being uncoordinated to being basically coordinated. At this stage, the cultivated land system in Henan Province mainly fulfilled a production function, providing farmers with staple food crops. In 2000–2001, the cultivated land system was uncoordinated, and various sub-functions as well as the coordination degree of cultivated land use showed different degrees of decline. In 2002–2008, the coordination degree of cultivated land use improved gradually from uncoordinated to relatively coordinated status. In this period, Henan Province stayed in the transformation and development stage of the urbanization process, and the substantial cultivated land functions were production, job security, and economic contribution. As a basis for farmers’ work and employment, cultivated land provided not only production functions but also a primary livelihood and economic income for a majority of farmers. Cultivated land stayed at the primary stage and provided farmers with relatively basic functions.


[image: image]

FIGURE 11. Analysis of degree of coordination between sub-functions and total functions of cultivated land in Henan Province.


After 2012, the system coordination degree fluctuated in an uncoordinated state. At this time, the coordination degree of cultivated land system came into conflict with the development trend of the ecological safety maintenance and job security functions; it was, however, consistent with the development trend of the economic contribution and production functions. In 2008–2009, the coordination degree of cultivated land use declined sharply and was in an uncoordinated state. Since 2010, the cultivated land system functions have been uncoordinated, reflecting agriculture’s weak position in regional development. The leading role of the production and job security functions of cultivated land has been affected by the social and economic development process. Furthermore, the decline of ecological function has had an impact on the overall function of the cultivated land system.



Driving Factors of the Cultivated Land Functions in Henan Province

In some cases, the degree of coordination reflects the root cause of the incoordination between the functions of the cultivated land system, which is not favorable for coordinating control goals and making specific decisions. We therefore used the gray correlation analysis method to analyze four aspects of the cultivated land system that have obvious effects, namely, population change, industrial structure adjustment, social and economic development, and ecological factors. We then used the gray correlation degree of related factors to identify the degree of influence of each factor on the cultivated land functions. In line with the results, we used nine indicators (see Table 2) to characterize separately the influencing factors of urbanization, industrialization, agricultural modernization, and agricultural policies on the evolution of cultivated land functions.


TABLE 2. Gray correlation degree between the evolution of cultivated land functions and social economic factors in Henan Province.

[image: Table 2]
From the gray correlation model, when 0.8 ≤ r ≤ 1 the correlation degree is extremely high, when 0.6 ≤ r ≤ 0.8 the correlation degree is high, when 0.4 ≤ r ≤ 0.6 the correlation degree is medium, and when r < 0.4 the correlation is low. Table 3 shows that, except for the land reclamation rate having a low correlation with the evolution of cultivated land functions, other factors have an extremely high correlation with the evolution of cultivated land functions, and the highest correlation degree is the multiple cropping index.


TABLE 3. Value range and significance of coordination degree.

[image: Table 3]
 
(1)Demographic factors. Demographic factors have a strong influence on the evolution of cultivated land system functions. In 1998–2017, the urbanization rate of Henan Province increased substantially, mainly manifested as increase in the levels of land urbanization and population urbanization. On the one hand, in the process of urban development and expansion, agricultural land is constantly occupied, resulting in a continuous increase in the proportion of urban construction land. This leads inevitably to a continuous decline in the proportion of cultivated land, which indirectly reduces the food security and economic contribution functions of the cultivated land in Henan Province. On the other hand, in the process of urbanization, a large number of farmers enter cities to work, resulting in a continuous increase in the proportion of the urban population and an increase in demand for food and urban land. This requires sufficient cultivated land resources in rural areas to meet the increasing food demands of a huge population. As a result, the conflict between population, cultivated land, and food becomes more and more intense. Therefore, in the process of urbanization, it is necessary to guide the flow of the population to ensure an appropriate balance between urban and rural areas.

(2)Industrial structure factors. The gray correlation value of industrial structure factors is slightly lower than that of demographic factors. The adjustment of the industrial structure leads directly to changes in the land-use structure. With rapid economic development, the percentage of primary industry in GDP becomes lower and lower. In response, farmers move away from food crops with lower economic benefits toward cash crops with higher economic benefits. As a result, the planting area of grain is greatly reduced, whereas the planting areas of cash crops such as oil, fruit, vegetables, and tea increase significantly, and the main function of cultivated land transforms gradually from production and food security to economic contribution. The continuous development of secondary industry has increased the total industrial production value, and the demand for cultivated land increases year by year, which has promoted the evolution of the cultivated land functions to a certain extent.



To ensure further development, agriculture must integrate effectively with tertiary industry and develop further into tourism agriculture, which has a profound impact on the evolution of cultivated land functions. In recent years, the pastoral complexes, tourist towns, and picking gardens that have emerged in various places have had a significant impact on the adjustment of the industrial structure. Since the advent of COVID-19, primary industry has provided the ballast for the development of China’s national economy. In 2020, the added value of China’s primary industry reached 7,775.4 billion yuan, an increase of 3.0% year on year. Primary industry has been less affected by the COVID-19 epidemic and has had the fastest growth among the three industries. Although the proportion of the primary industry in GDP is low, it has a very strong effect on the development of the national economy and social stability.


(3)Agricultural modernization factors. Economic development is the lowest driving factor for the evolution of cultivated land functions. From the gray correlation analysis, we found that the cultivated land functions in Henan Province have gradually evolved from the original production and job security functions into economic-ecological coupling functions. This indicates that the agricultural modernization level in Henan Province has been increasing rapidly in the past 20 years, with the input of machinery and fund factors increasing year by year. The total output of cultivated land has increased, which has had an impact on the evolution of cultivated land functions, and funds are mainly being invested in upgrading agricultural technologies. In recent years, with the gradual application of a series of agricultural technologies such as crop rotation and soil testing, the diffused pollution of cultivated land has been effectively controlled.



When their incomes improve, farmers are more inclined to pursue high-level needs such as self-realization. This has a positive impact on agricultural science and technology, which directly affects the utilization efficiency and output of cultivated land. In addition, the input of agricultural mechanization has enabled agricultural production to be operated on a large scale, greatly reducing production costs and increasing the input–output ratio. Moreover, the development of agricultural science and technology enables the use of land that cannot be cultivated under the original technical conditions, expands the use of cultivated land, and allows the limited cultivated land resources to exert greater economic utility, thereby improving farmers’ enthusiasm and motivation to develop.

(4) Policy factors. Policy factors have been relatively low driving factors for the evolution of cultivated land functions. Constant reform of the rural land system has made the use of cultivated land more economic and intensive, and more empowerment will further improve the functions and efficiency of the cultivated land system.




CONCLUSION

Through our evaluation and analysis of the time series and spatial characteristics of the cultivated land system functions in Henan Province, we have identified the underlying characteristics of the multivariate changes in cultivated land system functions. The results of the multi-element comprehensive model yield six main conclusions.


(1)The transformation of the function of cultivated land is characterized by a clear stage and progressive nature. At different stages of social and economic development, people have different needs, and the functions of cultivated land change accordingly. The evolution of the functions of the cultivated land system in Henan Province over the past 21 years show that the functions of the cultivated land system are undergoing gradual improvement and also have clear stages. This reflects the fact that, before the 21st century, the objective of cultivated land is to protect both quantity and quality, and the function of cultivated land is to meet human needs for “eat well.” Meanwhile, the government gave farmers autonomous production rights through changes in the rural land system, which stimulated the production capacity of cultivated land and increased the production of staple foods, solving the problem of providing adequate food and clothing problem that had plagued China for decades. With the promulgation of the Law on Land Contract in Rural Areas in 2003, the abolition of agricultural taxes in 2005, and the implementation of the policy of industry refeeding agriculture in 2007, the living standards of residents have improved from having adequate food and clothing to eating well. These economic and social development trends generate diverse needs for cultivated land functions. Since 2013, the country has focused on the construction of an ecological civilization, the standard of living of the inhabitants has improved from eating well to paying more attention to the quality of life, and the function of cultivated land is being gradually improved with a clear progressive nature. During this period, in terms of the SDGs, the cultivated land transition goals has moved from the pursuit of “zero hunger” to the pursuit of “health and well-being.”

(2)The sub-functions of cultivated land system show a clear hierarchy. With the acceleration of urbanization and industrialization and in response to the high-quality economic development strategy, the functions of the cultivated land system have developed and diversified rapidly. However, there have been large differences between sub-functions. Specifically, the production function has increased rapidly at a high rate of increase. The economic contribution and food security functions have increased with some fluctuation, and the increase of economic function has been smaller. With the acceleration of urbanization, a large number of farmers have moved to cities and are living stable lives in urban areas, such that the job security function of cultivated land is gradually weakening. However, with the development of agricultural modernization, the increase in the use of chemical fertilizers, pesticides, machinery, and fossil-based raw materials in the cultivated land system has directly affected its ecological safety, leading to a decline in the ecological safety maintenance function. The cultivated land transition goals of “responsible consumption and production” should be focused.

(3)There are significant spatial differences in the changes of functions of the cultivated land system. The sub-functions of the 113 counties in Henan Province were quite different, and there were significant spatial differences in the sub-functions of cultivated land in the different periods under analysis (1998, 2005, 2010, and 2017). Before 2010, the production function was strong in the central and northern regions, and three mountains (Dabie Mountain, Funiu Mountain, and Taihang Mountain) in the western and southwestern regions were weaker. After 2010, most regions had strong production functions. The economic contribution function underwent small fluctuations, and the regional differences were not large, showing the weakness of agriculture in the development of the national economy. The food security function of the eastern plain area remained higher than that of the three mountain areas, and the job security function of cultivated land was on the whole weak. The ecological safety maintenance function was significantly stronger in the western and southwestern mountainous areas, while the southeastern region decreased gradually. The cultivated land transition goals of ‘reducing inequality’ needs more attention.

(4)The function of cultivated land systems is driven by multiple factors of change. The gray correlation analysis indicates that urbanization, industrialization, agricultural modernization, and agricultural policies are among these factors. Urbanization influences the functions of cultivated land system in two dimensions: improvements in land urbanization level and improvements in population urbanization level. With the improvement in land urbanization level, the urban area continues to expand, and cultivated land is occupied, which indirectly reduces the food security and economic contribution functions of cultivated land. The improvement in the population urbanization level increases the demand for food and the supply of resources, intensifying the conflict between population, cultivated land, and food. Therefore, appropriately and orderly urbanization can promote the coordinated development of urban and rural areas. Both the adjustment of industrial structure and the improvement of agricultural modernization exert an effect on the functions of cultivated land system. Under the action of the national macro policy, factor input and structural adjustment have affected both the quantity and quality of the cultivated land system, directly changing its functional strength of the system. Social development and technological progress have promoted improvements in dietary structure and the adjustment of cultivated land use and planting structure, while also allowing changes in the structure of cultivated land use input, planting structure, and type structure. This leads to production substitution and drives the gradual transformation of cultivated land use from a social type to an economic-social-ecological coupling type.

(5)There are synergies and trade-offs between the sub-functions of cultivated land. The synergy of multiple factors plays an important role in driving the evolution of the functions of the cultivated land system. The social and ecological elements in the cultivated system interact with each other to form a synergy, mutual contribution, and trade-off relationship between man and land, man and nature, and man and society, while the interaction of various relationships promotes the operation and development of the system. Our coordination model analysis indicates that from 1998 to 2017, the degree of coordination of cultivated land use in Henan Province fluctuated. In the early stages, it developed gradually from uncoordinated to basically coordinated status, and it was uncoordinated for two time periods. Since 2010, the coordination degree of cultivated land use has gradually improved from being uncoordinated to being relatively coordinated, showing that there were trade-offs and synergy trends between the sub-functions. The production, economic contribution, and food security functions were synergistic, and are basically consistent with the change trend of the total function of the cultivated land system. In contrast, there was a trade-off relationship between the job security, the ecological safety maintenance, and other functions.

(6)The functions of cultivated land system can be classified as diversified, hierarchical, and integral, and the system includes sub-functions of different natures. The relationship between sub-functions is complex, involving both synergy and trade-offs. Together, these synergy and trade-off relationships promote the continuous evolution and development of the overall functions of the cultivated land system. By adopting appropriate policies and regulatory measures, increasing the coordination functions, and alleviating the conflict functions, people can promote the development of the overall functions of the cultivated land system in a benign and high-quality manner. This will enable ever-increasing human needs to be met, which is the ultimate goal of the development of the cultivated land SES.



This study proposes a specific explanatory framework of the multifunctionality of regional cultivated land systems in different stages, and further clarifies the processes and driving mechanisms of social-ecological system service functions under different land use types, which can provide decision support for ecosystem service management. Meanwhile, the results showed the synergy between the cultivated land function transformation goals and sustainable development goals at different stages. Therefore, this paper further argues that the dynamic balance and spatial coordination between the social and ecological systems of cultivated land could be an important principle for measuring regional sustainable development.
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