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Abstract

:

Along with industry upgrading and urbanization, the agricultural industry in China has been experiencing a stage of rapid development, on the bright side. On the other side, ecological environment deterioration and resource scarcity have become prevalent. Called by the current situation, circular agriculture arises as a direction for the industry to achieve sustainable development. This study develops an evaluation indicator system for circular agriculture using an entropy method, and evaluates factors that could drive the Chinese agricultural industry to achieve better performance. We employ the method using provincial data collected from the province of Henan, in which around 10% of the total grain in China is produced. It was found that agricultural technology and water resources per capita are positively related to circular performance in agriculture. In contrast, urbanization and arable land per capita are negatively related to circular performance. This article provides support to the government in policy-making related to the improvement of circular agricultural performance.
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1. Introduction


Growing industrialization in agriculture enormously increases the outputs of grain, contributing to the alleviation of the grain supply crisis globally. In 2019, nearly 690 million people suffered to varying degrees of starvation worldwide, accounting for 8.9% of the populace. Grain shortage was the main reason for starvation. The largest number of undernourished people was in Asia, with 381 million [1]. Globally, around 14% of food produced is lost from the post-harvest stage up to, but excluding, the retail stage [2]. Agricultural waste is a huge pool of untapped biomass resources that may represent economic and environmental burdens [3]. Therefore, an effective agricultural development path must be adopted to facilitate the food supply and improve the nutrition of the global population. The development of circular agriculture is an important way to ease starvation, reduce grain cost, and promote the sustainability of the global grain supply chain. Apart from starvation, another stimulator for circular agriculture is the reduction of the environmental impact of modern agriculture. The industry has become the second-largest contributor of greenhouse gas emissions globally, accounting for 50 and 60% of the total emissions of CH4 and N2O from human activities, respectively [4]. To solve the increasingly serious problems of environmental pollution, governments have been exploring sustainable agricultural models to maintain grain outputs, and meanwhile reduce the pollution impact by methods such as leverages, financial supports, and regulations. For example, since the 1990s, the Japanese government has set a goal of creating a recycling-oriented society, and issued a series of acts related to circular agriculture, including the Basic Law for Promoting the Creation of a Recycling-Oriented Society in 2003 and the Regulations for Agricultural Production Activities in Harmony with the Environment in 2003 [5]. The American government enacted laws to promote sustainable agricultural production, including the Farm Security and Rural Investment Act in 2002 and the New Farm Bill in 2014. It also provided subsidies, assistance, and insurance to farmers to guarantee the capacity for agro-ecological compensation [6].



In China, circular agriculture is promoted as a top-down national political goal [7]. In 2015, the Chinese government promulgated the National Sustainable Agriculture Development Plan (2015–2030). It proposed to promote the “rice–fish symbiosis”, “pig and biogas fruit”, and forest economies, as well as other ecological circular agricultural models according to local conditions. By 2020, the national modern agricultural demonstration zone and the main grain-producing counties were expected to basically realize the recycling of agricultural resources in the region. By 2030, the country will achieve zero discharge of agricultural waste. In 2016, the Ministry of Agriculture of China promulgated the Guidelines for Ecological Circular Agriculture Projects in Comprehensive Agricultural Development Areas (2017–2020), further proposing to improve the quality and safety of agricultural products, the level of standardized production, and the level of circular agricultural development [8]. Presently, China’s per capita grain possession has maintained a level above the world average, and grain yields have been steadily increasing to assure self-sufficiency. Though China is the most populous agricultural country, it also faces a series of challenges in the transition from traditional to modern agriculture. For example, the overuse of pesticides, chemical fertilizers, and agricultural films, which not only cause soil infertility and contamination, but also lead to food safety concerns, such as the presence of harmful substances in agricultural products. These challenges hinder sustainable development in the agricultural industry. One way to address the issue is turning to a more circular form of agriculture in China. The Food Security White Paper notes that China actively exchanges grain with the world’s major grain-producing countries. In 2018, total grain imports, including soybeans and other oilseeds and feedstuffs, amounted to 115.55 million tons and total exports to 3.66 million tons, increasing by 944.8% and 171.1%, respectively, from 1996. Furthermore, the total imports of soybeans, grains, and grain flour were 88.03 and 20.47 million tons, respectively, in 2018, accounting for 4.9% of the world’s grain trade. Therefore, developing circular agriculture is of great value not only to China’s food capacity and security, but also to the prosperity of the global food trade market.



As one of the major grain-producing provinces, Henan’s agricultural production played an important role in securing China’s agricultural development and social stability for a long time. Although the agricultural economy of Henan has developed rapidly in recent years, there are still many problems. For example, white pollution has led to reduced soil organic matter and less fertility, and the waste of water resources and harsh living conditions in rural areas has continued. All of these issues seriously restrict circular agriculture. In the context of developing circular agriculture, this article takes Henan, a major agricultural province in China, as an example to construct an evaluation index system and empirically analyze the main factors affecting the development of circular agriculture. Through the research, we hope to provide support to the government in policy-making related to the improvement of circular agricultural performance.



The remainder of this article is organized as follows: Section 2 is the literature review for related studies of circular agriculture performance. Section 3 is the evaluation of circular performance in agriculture. Section 4 is an empirical analysis of the influencing factors of circular agriculture development in Henan. Section 5 contains the conclusions, suggestions, and limitations.




2. Literature Review


There are mainly two aspects related to this article: one is the connotation and development mode of circular agriculture, and the other is the evaluation of circular agriculture.



2.1. Connotation and Development Mode of Circular Agriculture


Circular agriculture is a new type of agriculture with low investment, high circulation, high efficiency, high technology, and high industrialization [9]. Circular agriculture focuses on material and energy circularity combined with natural resources [10]. The circular approach can help achieve ecological, economic, and social goals together [8]. The essential characteristics of circular agriculture are the industrial chain and saving of resources [11]. Sayadi-Gmada et al. [12] pointed out that the concept of the circular economy mainly includes the three pillars of designing out waste and pollution, keeping products and materials in use, and regenerating natural systems. Therond et al. [13] believed that, according to the differences in ecosystem services and external inputs, it could be divided into chemical inputs, biological inputs, and biodiversity-based farming systems. Based on different national conditions, scholars put forward the feasibility of sustainable agricultural development modes in different countries [14,15,16,17,18]. Ramtin et al. [19] proposed a sustainable planting model that considers economic, environmental, and social goals simultaneously. Empirical evidence shows that economic, self-sufficiency, environmental, and social goals have significantly different effects on the performance of planting models. Cattaneo et al. [20] proposed that, from the perspective of the circular bio-economy, the agrarian sector has gone worse hand in hand with the landscape functional structure. Toop et al. [21] proposed that, in the context of the agri-food chain, the circular economy aims to reduce waste while also making the best use of the wastes produced by using economically viable processes and procedures to increase their value. Vega-Quezada et al. [22] analyzed the synergy between agriculture and bio-energy, and pointed out that it is economically feasible to establish a systematic and circular agricultural development model. Aznar-Sanchez et al. [23] pointed out that Almeria (southeast Spain) can become a model of a high-yield agricultural system because of its focus on waste management, preventing product waste, and improving water and energy use efficiency. Duque-Acevedo et al. [24] analyzed the management of agricultural waste biomass in the framework of a circular economy, and pointed out a sustainable development model that makes it possible to produce more food and energy with fewer fossil fuels, low pollutant gas emissions, and minimal solid waste. Collivignarelli et al. [25] reviewed the possible alternatives to reuse bio-solids, and explored the application of bio-solids with soil fertilizer in agriculture. Theuerl et al. [26] pointed out a vision of agricultural biogas production in Germany, which works mainly with residues. It is flexible about feed stocks, digester operation, microbial communities, and biogas output. Jiang [6] comparatively analyzed the differences in the implementation modes of circular agriculture in Germany, the United States, and Japan, and pointed out that China’s development of circular agriculture should build a collaborative system that enhances the development momentum of ecological circular agriculture. Yin et al. [11] pointed out that China’s circular agriculture development model is mainly divided into three categories, the partial circular mode based on the promotion and integration of an ecological agriculture model, the internal circular mode that aims at the multi-level recycling of agricultural waste resources, and the overall circular mode oriented towards the circular agricultural park. The goals of circular agriculture are in the same line as the circular economy. The circular economy aims to improve resource utilization efficiency, with special attention to urban and industrial waste, in order to achieve a better balance between the economy, environment, and society [7]. Therefore, circular agriculture not only pays attention to development in the rural area, but also pays attention to the circular development between the city and the countryside [27]. Recovering human-derived nutrients can advance circular economies by linking increasingly urban global populations with local cropland, offsetting unsustainable fertilizer use and improving access in low-income countries [28]. Due to the serious waste of resources in the production and transportation of food in rural areas, urban agriculture has been an important way to improve the development of circular agriculture in recent years. Martellozzo et al. [29] pointed out that urban agriculture would require roughly one-third of the total global urban area to meet the global vegetable consumption of urban dwellers. The variations in the space required across countries are derived mostly from variations in urban population density, and much less from variations in yields or per capita consumption. Moreover, scholars believe that, in order to reduce waste and increase resource utilization, the supply chain in the development of circular agriculture must be improved [30,31].




2.2. Evaluation of Circular Agriculture


A circular economy intends to turn waste into resources that can be reintroduced into the production process, eliminating the negative externalities [32]. The reasonable evaluation of circular agriculture has become the key problem of sustainable agriculture development [33,34]. On the one hand, it comprehensively evaluates the development of circular agriculture in countries and regions from the macro-level. Di Maio et al. [35] indicated that the key point of a circular economy is keeping resources within the economy when products no longer serve their functions, so that materials can be used again, and therefore generate more value. They proposed a new value-based indicator to assess the performance of actors in the supply chain in terms of resource efficiency and the circular economy. Feng and Song [36] established an indicator system that characterized the level of circular economy in agricultural development based on the theory of circular economy, and made a principal component analysis for the 17 districts in the providence of Shandong in China. The results indicated that the level of the circular economy in agricultural development does not match the gross developmental level in each district. Xia and Ruan [37] identified critical barriers for the government, farmers, and enterprises in developing circular agriculture. Mechthild et al. [38] pointed out the key success and risk factors of ecological innovation business models, promoting a circular economy by charging for the inevitable waste or by-products of agriculture. Qin et al. [39] analyzed the impact of technology lock-in and substitution on the circular agro-ecological compensation. They found that the promotion of circular agriculture may effectively enhance the utilization rate of biomass energy and reduce the consumption potential of fossil energy by over 50%. On the other hand, it evaluates the development of circular agriculture in different industries, different enterprises, and different practice modes from the micro-level. Scholars have already evaluated issues, such as food wastes [40], water management, and agriculture [41], in mulberry–dyke and fish–pond systems [42]. Recent research on the driving factors of circular agriculture development is from the perspective of farmers to explore factors that influence farmers’ participation in circular agricultural projects [43,44,45,46]. Xing et al. [47] pointed out that the environmental awareness of farmers who are not involved in recycling agriculture is still relatively weak. At the same time, entrepreneurship plays a vital role in promoting the circular model of emerging economies; entrepreneurship is key to turning government initiatives into an economically viable and sustainable circular operations [8]. Fan et al. [48] used the life cycle assessment method to analyze the circular agriculture industry company of Xingyuan, Fuqing. They pointed out that the framework of recycling agriculture should be actively adjusted from the perspective of reducing environmental impact. Moreover, Fan et al. [49] pointed out that a longer industrial chain of circular agriculture is not better. At different evaluation angles, different optimal combinations of the industrial chain models of circular agriculture can achieve the minimum environmental load or the highest environmental benefit. Wu et al. [50] evaluated a certain circular agricultural project in Jiangjiazhuang, a typical agricultural village in China. They pointed out that circular agriculture is a sustainable agricultural system that could improve environmental conditions in rural areas.





3. Evaluation of Circular Agriculture Performance


3.1. Construction of the Evaluation Index System


This article follows the 3Rs principle of reduce, reuse, and recycle in circular agriculture, and builds a comprehensive evaluation index system for circular agricultural development. Circular agriculture emphasizes the material efficiency and energy conversion efficiency of the agricultural system, the effective control of harmful substances and greenhouse gas emissions, and the innovation of agricultural economic development models [11]. Sustainability is a key issue coined in the circular economy [51]. According to [10], the agricultural wastes are analyzed from three aspects: social impact, environmental impact, and economic impact. According to [33], circular agriculture can be analyzed from four aspects: economic and social performance, input resource reduction, resource reuse, and resources and environmental safety. Realizing the win–win of agricultural economy and eco-environmental benefits is the overall goal of circular agriculture. Agriculture circular economy practices can be advantageous when using bioenergy in the agro-industrial sector. The circular economy (grow–make–use–restore) aims to influence material and energy flows to increase environmental gains and avoid costs [52]. The evaluation of circular agriculture development can be investigated in conjunction with agricultural production behavior and corresponding results. The agricultural eco-economic system has a circular total, and the circular total depends on the input outside of the system and the consumption within the system. Therefore, the evaluation of circular agriculture development can start from the agricultural production behavior and the results, and fully consider the input, process, and output of the system [34]. There have been studies that have tried to give a comprehensive analysis of renewable resources’ effect on agricultural circular economy [53]. Based on [33,34,53], the measurements cover four categories of indicators:(1) economic and social performance indicators that measure the social benefits brought by the development of circular agriculture. From C1 to C4, we mainly measured the agricultural output value, farmers’ income, per capita grain output, and total power of agricultural machinery.(2) Input resource reduction indicators reflect the reduce principle, which measure the input of material and energy and the reduction of resource consumption in agricultural production processes. The reduce principle in circular agriculture refers to the reduction of material use in the processes of plant cultivation and production [33]. We hence measure the reduction of the most commonly used materials, such as fertilizers, pesticides, and agricultural membranes, which are the indicators corresponding to C5, C6, and C7. Taking the utilization of agricultural membrane as an example, circular agriculture requires using less membrane per unit area of crops to reduce the negative impact of membrane on land productivity [54]. (3) Resource reuse indicators reflect the reuse principles, and they evaluate the degree to which the waste is turned into reusable resources, as well as waste reduction in agricultural production processes. The reuse principle is first measured by the level of the effective utilization of fertilizers (C8), and a high level means that more biogas fertilizers are used as reusable resources to be put into agricultural development [53]. Second, we incorporated the reuse of land as an indicator (C9) to measure circular performance, which is reasonable, because land reuse significantly improves the planting efficiency in circular agriculture. (4) Resources and environmental safety indicators consider the ecological and environmental benefits while pursuing economic benefits in the processes of agricultural production. From C10 to C12, we mainly measured forest resources, arable land resources, and land irrigation to illustrate the environmental status and resource potential of circular agriculture development. The low level of agricultural waste utilization tends to have a negative impact on the environment [55]. A total of 12 indicators based on the four categories of indicators are developed and shown in Table 1.




3.2. Calculation of Comprehensive Evaluation Index


In the comprehensive evaluation index system, the attributes of each indicator are divergent, and the scales of features in different dimensions have large inconsistencies, which leads to low comparability of data. Therefore, to ensure the reliability of data, it is necessary to standardize the collected data to make the values of each indicator at the same level for further comparative analysis. We used the extreme value method to perform a dimensionless conversion for each metric. The index standardization formula method is as follows.



If there are n samples and m indicators, Xij is the j-th indicator value of the i-th sample (i = 1, …, n; j = 1, …, m).


    x  i j   =    x  i j   − min {  x  1 j   , ⋯ ,  x  n j   }   max {  x  1 j   , ⋯ ,  x  n j   } − min {  x  1 j   , ⋯ ,  x  n j   }     











To facilitate the calculation, the standardized data Xij′ will still be recorded as Xij in the future calculations. The original data after standardized processing are shown in Table 2.




3.3. Determination of Index Weight


In Table 1, indicators do not have an equal weight of importance. This article adopts the entropy weight method to assign weights to various indicators, and calculates the weight of each indicator. Compared to principal component analysis [36], including the Grey-Dematel approach [37] and life cycle assessment [48], the entropy weight method is an objective weighting method with high credibility and accuracy, which can deeply reflect the distinguishing ability of indicators, and then determine the weight.




	Step 1:

	
Calculate the proportion of the j-th index value of the i-th sample.


    p  i j   =    X  i j      ∑  i = 1  n   X  i j     ,   i = 1 ,   … ,   n ,   j = 1 ,   … ,   m   












	Step 2:

	
Calculate the information entropy of the j-thindex.


    E j  = −    (  l n n  )    − 1    ∑  i = 1  n   p  i j   l n    p  i j   ,   j = 1 ,   … ,   m   












	Step 3:

	
Calculate the difference coefficient of the j-th index.


Dj = 1 − Ej, 1 ≤ j ≤ m












	Step 4:

	
Calculate the weight of the j-th index.


    W j  = D j /  ∑  j = 1  m   D j  .   

















According to the above method steps, the weight of each specific index in the evaluation index system of circular agriculture development in Henan was calculated, as shown in Table 3.




3.4. Calculation of the Comprehensive Performance Evaluation of Circular Agriculture


Based on Section 3.2 and Section 3.3, this article calculates the comprehensive performance of circular agriculture as follows.


    S i  =   ∑  j = 1  m    W j   X  i j       











In the formula, Si is the comprehensive evaluation score of the n-th sample, Wj is the weight of the j-th index, and Xij is the standardized value of each evaluation index. Based on the above method, the corresponding data can be processed to obtain a comprehensive performance score of circular agriculture in Henan from 2000 to 2018.



According to Figure 1, from 2000 to 2018, the development level of circular agriculture in Henan continued to increase as a whole, which was a fluctuating and rising process. The comprehensive evaluation index for the development of circular agriculture in Henan in 2000 was 0.4283, and in 2018, it was 0.7301, an increase of about 70% in 19 years. According to the characteristics of different stages, the development process of circular agriculture from 2000 to 2018 can be divided into three stages: the first stage is 2000–2009, the stagnant development stage. The average comprehensive evaluation index at this stage was 0.4032, and the evaluation value of each year was lower than 0.4283 in 2000. Henan’s circular agriculture is in a low-level fluctuation stage, and the degree of development is relatively low. At this stage, the traditional agricultural production mode was still the mainstay. In the agricultural production process, high input and high consumption were used to obtain high output, and the conservation and recycling of agricultural resources were ignored. The second stage is 2009–2013, a period of slow fluctuations and rising. The average comprehensive evaluation index at this stage was 0.4557, and the evaluation index for circular agricultural development in each year was greater than the evaluation value in 2000. It was 0.4613 in 2013, a slight increase in fluctuations. The third stage is from 2013 to 2018, the rapid development stage. Although there was a small drop in 2016, the overall impact on the development of circular agriculture was relatively small. In general, circular agriculture deepened rapidly at this stage, and the growth rate accelerated, from 0.4613 in 2013 to 0.7301 in 2018, and the average comprehensive evaluation index was 0.5987.





4. Empirical Analysis on the Driving Factors of Circular Agriculture Performance


4.1. Selection and Description of Indicators


According to [56], this article identifies six types of driving factors: economic development, urbanization, technology, government support, arable land resources, and water resources.



(1) The level of economic development (X1). The development of circular agriculture requires a certain amount of capital investment, and there is often a mismatch between economic benefits and economic investment. The size of the regional capital investment capacity has an important impact on the development of circular agriculture. At the same time, farmers in economically developed areas have stronger environmental awareness and stronger motivation to develop circular agriculture [4].



Hypothesis 1 (H1).

Economic development has a positive impact on the performance of circular agriculture. This article uses the variable of per capita GDP as the indicator of the economic development level.





(2) The level of urbanization (X2). In the context of circular agriculture, farmers, professional cooperatives, and leading enterprises coexist. Urbanization is accompanied by the optimization and upgrading of the industrial structure, which enables enterprises to play a better role in promoting the development of circular agriculture [44]. Broadly, locations with high cropland density, nutrient-intensive crops, and a compact urban area may find agricultural nutrient reuse particularly impactful and achievable, creating opportunities to boost productivity by coupling urban water and regional agriculture systems [47]. Urbanization will also cause more urban waste to be produced and transferred to rural areas, causing serious water pollution and degrading soil quality.



Hypothesis 2 (H2).

Urbanization is a double-edged sword regarding the development of rural areas. This article measures the level of urbanization by the proportion of the urban population in the total population.





(3) Technology level (X3). As a new type of modern agriculture, circular agriculture requires a higher level of technical support. Technology is often a prerequisite for the development of circular agriculture [39]. A higher level of technology means a higher chance of realizing the principle of reduce, reuse, and recycle, and the better development of circular agricultural performance.



Hypothesis 3 (H3).

The level of technological development has a positive impact on the development of circular agriculture. This article uses the variable of R&D expenditures of universities and R&D specialized institutions to measure the level of technological development.





(4) Government support(X4). The government plays a vital role in the development of circular agriculture. In the initial stage of the circular economy, the government’s role in promoting is necessary. The development of circular agriculture should be guaranteed by policy support using an analytical framework [56]. On the one hand, from the perspective of the scale of circular agriculture development, circular agriculture is developing from a decentralized cycle to a large-scale cycle. The government needs to connect farmers, enterprises, and rural intensive transformation. On the other hand, government financial support can directly reduce the cost of farmers’ disposal of agricultural waste and the cost of developing cleaner production [11]. In practice, whether the government has the awareness and ability to develop circular agriculture directly affects circular agriculture in a region.



Hypothesis 4 (H4).

The government support for agriculture has a positive impact on the performance of circular agriculture. The proportion of financial support for agriculture to the total financial expenditure is used to measure government support for agriculture.





(5) Arable land per capita (X5). In China, arable land per capita is scarce and limited [11], which is also an important reason why the concept of the circular economy emerges.



Hypothesis 5 (H5).

The arable land per capita has a negative impact on the performance of circular agriculture. The richer the arable land per capita, the stronger the inclusiveness of the ecosystem and the greater the environmental capacity, and the government and farmers will be relatively less motivated to develop circular agriculture.





(6) Water availability of water withdrawal per capita (X6). Generally, a region with abundant water resources is more environmentally diverse [16], and has a higher ability to explore a variety of circular agricultural development.



Hypothesis 6 (H6).

The water resource per capita has a negative impact on the performance of circular agriculture.






4.2. Data Source and Data Processing


The data used in this article are mainly from the 2000–2018 Henan Province Statistical Yearbook, Henan Province Rural Statistical Yearbook, and China Rural Statistical Yearbook, which is shown in Table 4. The dimensions of the data are not uniform. This article standardizes the data, and the original data after standardizationare shown in Table 5.




4.3. DrivingFactors Stationarity Test


(1) Unit root test. According to [20], this article used the augmented Dickey−Fuller test method, which is mainly used to verify the stationary hypothesis of time series. It can be seen from Table 6 that, at the significance level of 1%, the first-order difference series of X1, X4, X5, and X6 were stationary; at the 5% level of significance, the first-order difference series of Y, X2, and X3 were stationary, which satisfied the premise of the co-integration test of the same-order single integration. Therefore, a co-integration test can be performed.



(2) Co-integration test. This article adopts the EG two-step method. After checking the stationarity of each variable, it is necessary to check the stationarity of the residual after regression to ensure the existence of the co-integration relationship. The first step is to calculate the unbalanced error (et) of the co-integration regression equation, and the second step is to test its single integration. It can be seen from Table 7 that the augmented Dickey−Fuller test value was 3.3685 at the significance level of 1%, which was less than the corresponding McKinnon critical value of 2.6998. Therefore, the null hypothesis should be rejected at the significance level of 1%. Therefore, the null hypothesis should be rejected at a significance level of 1%. The residual sequence et is a stationary sequence, and there is a long-term equilibrium co-integration relationship between the variables, and a regression model can be constructed.




4.4. Model Construction and Estimation


To estimate the effects of the six driving factors on the performance of circular agriculture, this article constructs the following regression model.


   Y =  α 0  +  α 1   X 1  +  α 2   X 2  +  α 3   X 3  +  α 4   X 4  +  α 5   X 5  +  α 6   X 6  +  μ i    











Y represents the comprehensive performance score of circular agriculture, X1 represents the increase in per capita GDP, X2 represents the proportion of the urban population to the total population, X3 represents the R&D expenditures of universities, X4 represents financial expenditures, X5 represents arable land resources per capita, X6 represents water resources per capita, α0 is a constant term, α1~α6 are regression parameters, and ui is a random error term. As shown in Table 8, X1 and X4 were not significant. Given the significance level α=0.01, because F=33.7129>Fα(4,14) = 3.11, the F test is significant. Checking the DW statistics table shows that dL = 0.859, dU = 1.848, DW = 1.36, so it was impossible to decide whether there was an autocorrelation. Then, we used the BG test for the autocorrelation test, LM = TR2 = 3.5207 (p-value of 0.1720), indicating that the model did not have autocorrelation, and the overall fit of the model was good. Therefore, the linear relationship between the explanatory variables X2, X3, X5 and X6 was significant.




4.5. Analysis of Empirical Results


(1) The level of economic development. The result shows that Hypothesis 1 is not true. The development mode of circular agriculture is different from traditional agriculture. The implementation of circular agriculture has higher requirements for related technologies and talents. It also requires a large amount of capital investment in the early stage of development. The higher the level of regional economic development, the more it can provide for the implementation of circular agriculture. At the same time, the higher the level of economic development, the stronger the awareness of relevant subjects to participate in circular agricultural projects, which is more conducive to circular agriculture [44,45].



(2) The level of urbanization. The result shows that the level of urbanization has a significant negative impact on the development level of circular agriculture. At the 5% level of significance, each increase in the proportion of the urban population in the total population by one unit will reduce the development level of circular agriculture by 1.0614 units. On the one hand, the increase in the level of urbanization can provide technical and financial support for the development of circular agriculture. On the other hand, urbanization leads to reduced rural arable land and soil quality, as well as serious water pollution. In general, the increase in the level of urbanization has more negative effects than positive effects on the development of circular agriculture. One explanation may be due to the rapid development of urbanization in China, and rapid urbanization has increased the cost of agricultural products’ transportation and reuse [29], and the efficiency of supply chain management in urban and rural areas is relatively low.



(3) Technology level. The result shows that the level of technological development has a significant positive impact on circular agriculture in Henan. Similar to [11], the level of technological development has the highest degree of influence on the development level of circular agriculture. Advanced science and technology is an important support for circular agriculture. At the 1% significance level, for every additional unit of technological development, the development level of circular agriculture will increase by 2.0958 units.



(4) Government support. The result shows that Hypothesis 4 is not valid. Contrary to [11,56], the government does not play a role in the development of circular agriculture. This may be related to the development stage of circular agriculture in Henan. The development of circular agriculture requires the government to increase its participation in the development of circular agriculture, build infrastructure to promote the development of circular agriculture, and provide necessary financial and technical support. Therefore, the government should strengthen its participation intensity and scope in the development of circular agriculture, and improve corresponding subsidy measures.



(5) Arable land per capita. The result shows that per capita arable land resources have a significant negative impact on the development level of circular agriculture. At the 5% level of significance, for every increase in per capita arable land resources, the development level of circular agriculture will decrease by 0.1926 units. When per capita arable land resources are sufficient, farmers lack the motivation to increase land unit output and establish an effective circular agricultural development system.



(6) Water availability of water withdrawal per capita. The result shows that water resources per capita have a positive and significant impact on the development level of circular agriculture. At a significant level of 10%, each increase in per capita water resources will increase the development level of circular agriculture by 0.1720 units. The amount of water resources per capita has the least impact on the development level of circular agriculture.





5. Conclusions and Suggestions


5.1. Conclusions


This article develops an evaluation system for circular agriculture performance using the entropy weight method, and constructs a regression model to analyze the critical factors affecting the performance of circular agriculture. Based on provincial data from 2000 to 2018 in Henan, this article empirically measures the comprehensive performance values of circular agriculture each year in Henan, and further analyzes the main factors that affect the level of circular agriculture performance in Henan. The main conclusions are as follows.



(1) Overall, circular agriculture performance in Henan has shown an upward trend from 2000 to 2018, and, especially after 2013, the development level of circular agriculture in Henan has improved rapidly.



(2) Circular agriculture in Henan is mainly affected by urbanization, technological advancement, and natural resources per capita. Agricultural technology and water resources per capita are positively related to the circular performance in agriculture. In contrast, urbanization and arable land per capita are negatively related to circular performance in agriculture.




5.2. Suggestions


(1) Reduce the material input and improve resource utilization. Strengthen the supervision of the agricultural production process and strictly prohibit agricultural production factors, such as pesticides and fertilizers, that do not meet the specifications from entering the market. Adopt advanced irrigation technology to further increase the utilization rate of water resources and reduce water waste.



(2) Treat the development of circular agriculture in urban and rural areas with caution. Urbanization is conducive to improving resource utilization efficiency, but the rapid development of circular agriculture in urban and rural areas must first reduce transportation costs and improve supply chain management efficiency.



(3) Increase investment in recycling agricultural technology and technology promotion. In the development of circular agriculture, it is necessary to fully integrate production, education, and research, and to work closely with local universities and scientific research institutions to improve the level of agricultural technology and improve the efficiency of agricultural resource utilization.




5.3. Limitations


This article uses Henan provincial data to measure the development performance of China’s circular agriculture. However, considering data availability, the indicator of recycling performance is not reflected in our study. The development mode of circular agriculture in Henan is mainly based on the partial circular mode and the internal circular mode. The overall circular mode in the direction of circular agricultural parks is relatively rare. In the future, the research will further collect data at the provincial level in China, evaluate the development performance of China’s circular agriculture more comprehensively, and compare the models of various countries to promote a model for more effective circular agricultural development in China.
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Figure 1. Comprehensive performance value of circular agriculture in Henan. 
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Table 1. Comprehensive evaluation index system for circular agriculture performance.
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Measurements

	
Indicators

	
Notes






	
B1 Economic and social development indicators

	
C1 Agricultural GDP output value per unit area (yuan/ha)

	
Agricultural GDP/sown area of crops




	
C2 Per capita net income of farmers (yuan/person)

	
Total income per capita and various expenses per capita




	
C3 Per capita grain output (kg/person)

	
Total food production/total population




	
C4 Total power of agricultural machinery (104 kw)

	
Agricultural machinery power + forestry machinery power + animal husbandry + fishery machinery power




	
B2 Resource reduction input indicators

	
C5 Fertilizer application intensity (kg/hm2)

	
Fertilizer application discount/crop sown area




	
C6 Pesticide use intensity (kg/hm2)

	
Pesticide use/sown area of crops




	
C7 Agricultural membrane use level (kg/hm2)

	
Amount of agricultural membrane used/sown area of crops




	
B3 Resource reuse indicators

	
C8 Effective utilisation level of fertilizer (yuan/kg)

	
Agricultural GDP/fertilizer use




	
C9 Multiple crop index (%)

	
Sown area of crops/area of cultivated land




	
B4 Resource and environmental safety indicators

	
C10 Forest coverage rate (%)

	
Forestry area/total land area




	
C11 Per capita arable land area (hm2/person)

	
Cultivated land area/total land area




	
C12 Effective irrigation coefficient (%)

	
Cultivated land area/total population
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Table 2. Standard values of various indicators of the circular agriculture development level in Henan from 2000 to 2018.
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	Year
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12





	2000
	0.052
	0.000
	0.215
	0.000
	1.000
	1.000
	1.000
	0.123
	0.005
	0.456
	0.500
	0.000



	2001
	0.072
	0.009
	0.209
	0.050
	0.894
	0.862
	0.962
	0.123
	0.000
	0.324
	0.500
	0.076



	2002
	0.074
	0.019
	0.213
	0.129
	0.805
	0.783
	0.915
	0.099
	0.131
	0.432
	0.250
	0.145



	2003
	0.000
	0.021
	0.000
	0.198
	0.860
	1.034
	0.950
	0.000
	0.314
	0.432
	0.250
	0.126



	2004
	0.131
	0.048
	0.214
	0.294
	0.763
	0.959
	0.917
	0.172
	0.373
	0.000
	0.000
	0.195



	2005
	0.179
	0.075
	0.370
	0.363
	0.674
	0.834
	0.824
	0.216
	0.448
	0.000
	0.750
	0.261



	2006
	0.239
	0.108
	0.539
	0.426
	0.587
	0.582
	0.675
	0.272
	0.489
	0.000
	0.750
	0.364



	2007
	0.292
	0.158
	0.587
	0.496
	0.513
	0.420
	0.589
	0.319
	0.853
	0.000
	0.500
	0.650



	2008
	0.370
	0.208
	0.634
	0.615
	0.392
	0.407
	0.538
	0.380
	0.908
	0.000
	0.250
	0.713



	2009
	0.451
	0.238
	0.655
	0.681
	0.245
	0.253
	0.349
	0.430
	0.811
	0.636
	0.250
	0.798



	2010
	0.638
	0.299
	0.682
	0.745
	0.147
	0.138
	0.275
	0.614
	0.606
	0.480
	1.000
	0.590



	2011
	0.648
	0.390
	0.741
	0.799
	0.077
	0.000
	0.212
	0.599
	0.651
	0.780
	1.000
	0.737



	2012
	0.741
	0.468
	0.795
	0.859
	0.034
	0.021
	0.159
	0.687
	0.664
	0.492
	1.000
	0.847



	2013
	0.789
	0.548
	0.834
	0.906
	0.024
	0.021
	0.000
	0.736
	0.792
	0.636
	0.750
	0.423



	2014
	0.851
	0.627
	0.867
	0.961
	0.014
	0.081
	0.090
	0.801
	0.896
	0.864
	0.750
	0.697



	2015
	0.867
	0.749
	0.970
	1.000
	0.000
	0.181
	0.136
	0.813
	0.992
	0.891
	0.750
	0.917



	2016
	0.853
	0.820
	0.968
	0.687
	0.009
	0.252
	0.123
	0.801
	1.000
	0.891
	0.500
	0.972



	2017
	0.892
	0.906
	0.968
	0.718
	0.010
	0.452
	0.183
	0.845
	0.903
	1.000
	0.500
	1.028



	2018
	1.000
	1.000
	1.000
	0.746
	0.078
	0.754
	0.258
	1.000
	0.884
	1.000
	0.500
	1.000
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Table 3. Weights of comprehensive evaluation indicators for circular performance in agriculture in Henan.
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Control Layer B (Layer Index Weight)

	
Specific Index Level C (Level Index Weight)






	
B1 (0.3250)

	
C1 (0.0860)




	
C2 (0.1348)




	
C3 (0.0478)




	
C4 (0.0564)




	
B2 (0.3343)

	
C5 (0.1533)




	
C6 (0.0970)




	
C7 (0.0840)




	
B3 (0.1244)

	
C8 (0.0695)




	
C9 (0.0549)




	
B4 (0.2162)

	
C10 (0.1070)




	
C11 (0.0432)




	
C12 (0.0660)
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Table 4. Variable descriptive statistics.






Table 4. Variable descriptive statistics.





	Variable
	N
	Minimum
	Maximum
	Mean
	Standard Deviation





	Y
	19
	0.38
	0.73
	0.47
	0.10



	X1
	19
	509.00
	5440.00
	2686.32
	1359.06



	X2
	19
	0.23
	0.52
	0.37
	0.09



	X3
	19
	68,618.00
	721,711.00
	319,042.53
	206,935.92



	X4
	19
	0.07
	0.124
	0.10
	0.02



	X5
	19
	0.08
	0.087
	0.09
	0.00



	X6
	19
	226.44
	723.80
	408.60
	146.37
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Table 5. Standardized data of various variables from 2000 to 2018.
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	Year
	Y
	X1
	X2
	X3
	X4
	X5
	X6





	2000
	−0.44354
	−1.60207
	−1.55525
	−1.21015
	−0.98058
	−0.22942
	2.03183



	2001
	−0.80101
	−1.58809
	−1.41971
	−1.1912
	−1.19243
	−0.22942
	−1.22922



	2002
	−0.88185
	−1.32247
	−1.2685
	−1.15771
	−1.25253
	−1.1012
	−0.5629



	2003
	−0.6364
	−0.63376
	−1.1133
	−1.10413
	−1.47934
	−1.1012
	2.15344



	2004
	−0.94419
	−0.3983
	−0.92562
	−1.03931
	−1.0166
	−1.97298
	0.06715



	2005
	−0.65783
	−0.55429
	−0.73344
	−0.87254
	−0.91349
	0.64236
	1.28864



	2006
	−0.81465
	0.03435
	−0.53239
	−0.62762
	−1.0063
	0.64236
	−0.44935



	2007
	−0.67341
	0.35516
	−0.32672
	−0.50306
	−0.75515
	−0.22942
	0.59806



	2008
	−0.68218
	−0.9347
	−0.14087
	−0.37497
	−0.22138
	−1.1012
	−0.09135



	2009
	−0.35004
	0.8555
	0.04426
	−0.07081
	1.46205
	−1.1012
	−0.41669



	2010
	−0.34711
	1.12481
	0.16764
	0.09047
	1.06998
	1.51414
	1.07671



	2011
	−0.02666
	0.11161
	0.35981
	0.28213
	0.87526
	1.51414
	−0.40699



	2012
	−0.03835
	0.0189
	0.56489
	0.8114
	0.72643
	1.51414
	−0.86098



	2013
	−0.12211
	0.12853
	0.71611
	0.67701
	0.86204
	0.64236
	−1.24453



	2014
	0.70873
	−0.46747
	0.8705
	0.79901
	0.70542
	0.64236
	−0.73739



	2015
	1.2912
	0.56339
	1.05239
	0.96368
	1.04792
	0.64236
	−0.71696



	2016
	1.1977
	1.03946
	1.2344
	1.16474
	0.62676
	−0.22942
	−0.36737



	2017
	1.72562
	2.02617
	1.41776
	1.41721
	0.79824
	−0.22942
	0.23672



	2018
	2.49608
	1.24327
	1.58802
	1.94586
	0.6437
	−0.22942
	−0.3688
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Table 6. Unit root test of the factors influencing the development level of circular agriculture.
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	Variable
	ADF Test Value
	1% Critical Value
	5% Critical Value
	10% Critical Value
	Conclusion
	Single Integer Order





	Y

first difference
	−3.6053
	−3.8868
	−3.0522
	−2.6666
	smooth **
	Y—I (1)



	X1

second difference
	−5.2805
	−3.8868
	−3.0522
	−2.6666
	smooth ***
	X1—I (1)



	X2

first difference
	−3.5011
	−3.8868
	−3.0522
	−2.6666
	smooth **
	X2—I (1)



	X3

first difference
	−3.4694
	−3.8868
	−3.0522
	−2.6666
	smooth **
	X3—I (1)



	X4

first difference
	−4.0067
	−3.8868
	−3.0522
	−2.6666
	smooth ***
	X4—I (1)



	X5

first difference
	−3.9826
	−3.9591
	−3.0810
	−2.6813
	smooth ***
	X5—I (1)



	X6

first difference
	−7.7984
	−3.8868
	−3.0522
	−2.6666
	smooth ***
	X6—I(1)







Note. The critical values in the table are calculated from the McKinnon critical value table. *** Represents the 1% significance level, and ** represents the 5% significance level. The null hypothesis is rejected at each significance level.
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Table 7. Unit root test of residual series.






Table 7. Unit root test of residual series.





	Variable
	ADF Test Value
	1%Critical Value
	5%Critical Value
	10%Critical Value
	Conclusion
	Single Integer Order





	et
	−3.3685
	−2.6998
	−1.9614
	−1.6066
	smooth ***
	0







Note. The critical values in the table are calculated from the McKinnon critical value table. *** Means rejecting the null hypothesis at the 1% significance level.
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Table 8. Regression result.






Table 8. Regression result.





	Variable
	Coefficient





	X1
	0.3554

(0.214)



	X2
	−1.061 **

(0.473)



	X3
	2.0958 ***

(0.475)



	X4
	−0.5123

(0.299)



	X5
	−0.1925 **

(0.089)



	X6
	0.1720 *

(0.090)



	R2
	0.9059







Note. ***, **, and * represent a rejection of the null hypothesis at the significance levels of 1%, 5%, and 10%, respectively.
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