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Abstract

:

Based on China’s new development philosophy and the connotation of high-quality agricultural development, this study constructed a six-dimensional comprehensive evaluation framework: innovation-effectiveness-sustainability-coordination-openness-sharing. The spatio-temporal-range-improved entropy approach and the Dagum Gini coefficient were applied to evaluate and analyze the level of regional disparities and the dynamic distribution characteristics of high-quality agricultural development in China in the period from 2010 to 2018. The result shows that the level of high-quality agricultural development in China has steadily improved in general, but there exist prominent structural problems. Concerning regional differences, it indicated a pattern dominated by the pattern of “high in the east and low in the west”, mainly arising from the inter-regional disparity, with a gradual downward trend during the selected period. This study also comprehensively explored the four-dimensional driving mechanisms (production conditions, productivity, production relations, and production efficiency), and further examined the driving paths of various variables and regional heterogeneity using a panel Tobit model.






Keywords:


high-quality agricultural development; regional disparity; driving mechanism; spatio-temporal range improved entropy approach












1. Introduction


From quantity to quality, from speed to structure, from economy to the “five-in-one” of economy, society, politics, culture, and ecology [1,2], the concept of development has gradually been expanded in multiple dimensions, and the world has entered a new development stage. In China, high-quality economic development and people’s high quality of life have formed a new “double high” system. This has posed new requirements and challenges to the country’s agricultural development. In 2021, China’s total agricultural output amounted to RMB 18,441.9 billion, an increase of 4.5% year-on-year. The total national grain production was 683 million tons and it had achieved 18 consecutive years of good yields. However, while the total agricultural output is high and stable, weaknesses such as the lagging adjustment of the agricultural industry structure, the insufficient integration of the agriculture, manufacturing, and service industries in rural areas, and the increasing cost but low international competitiveness of agriculture are becoming increasingly prominent. Under the dual pressure of resource scarcity and environmental conflicts, the low production and operational efficiency urgently call for a change in the agricultural development mode and growth momentum. At this important stage of China’s development, high-quality agricultural development has become the core support of domestic and international dual circulation and a key engine in promoting agricultural and rural modernization.



Considerable research efforts have been devoted to the high-quality agricultural development (HQAD) of countries. Great progress has been made in the connotation traits, the evaluation and analysis of the measurement, influencing factors, and pathways, with more qualitative analysis than quantitative research. First, regarding the connotation of high-quality agricultural development, scholars have widely agreed upon a set of basic ideas. The systematic discussion mainly focuses on “high”, “quality”, “multi-dimensionality”, “new functions” [3,4,5], etc. The dilemmas of agricultural development have intensified, ranging from high cost versus efficiency, poor foundations versus rapid development, to high yield versus environmental protection [6]. Therefore, more scholars have proposed multidimensional optimization paths based on land, science, technology, judiciary, and fiscal policy [5,7,8,9] in the institutionalized manner. Second, in terms of quantitative research, there is relatively limited exploration that directly addresses high-quality agricultural development. However, the concept of quality development embedded in the quantitative assessment of agricultural modernization [10], sustainable agricultural development [11], and agricultural productivity [12] has far-reaching implications for subsequent research. With specific regard to the measurement and evaluation of HQAD, early scholars used a single indicator, e.g., TFP, or selected a sub-dimension as the focus [13]. Other scholars have generally constructed the comprehensive analytical framework [3,14], and further conducted analysis of variability among regions, spatial-temporal dynamic distribution, and evolutionary forecasts based on the measurement results [15,16,17]. Third, research on the influencing factors of HQAD shows the characteristics of diversity. Using a spatial econometric model, Liu et al. (2020) selected seven categories of variables, including urbanization and economic development, to conduct an analysis of the influencing factors [18]. Ji (2021) has conducted the measurement and diagnosis of provincial spatial differences, and examined factors affecting HQAD in six aspects, confirming that the driving effects are spatially heterogeneous [19]. Additionally, many scholars believe that foreign direct investment, digital technology, a socialized service system, industrial integration, and industry innovation [20,21,22,23,24] have significant positive impacts on HQAD.



Given the current state of the research literature discussed above, this study is expected to develop breakthroughs and make several vital contributions in the following three aspects. First, we systematically summarize the intrinsic philosophy of high-quality agricultural development to construct a multi-dimensional and comprehensive evaluation framework, by balancing the perspectives of micro and macro, long-term and short-term, speed and efficiency, economic growth, and social development. All the indicators selected are result-oriented. This is because, from one perspective, criteria for determining the quality of agriculture should be the final output, thereby capturing the statistical substance accurately. On another perspective, it avoids process indicators with high inputs that would obscure the undesired results of low outputs. Second, regarding the research methodology, the study applied the spatio-temporal range entropy-based approach. This method is more suitable for panel data processing, to compensate for the limitations of the traditional entropy method in the time dimension, reflecting the dynamic spatial and temporal variations and distributions. Although regional comparisons based on measurement results are not found infrequently in the previous literature, there exist some gaps. By adopting the Dagum Gini coefficient, the study further investigates the spatial variability and the sources of HQAD in China, revealing the dynamic distribution characteristics of agricultural quality across regions. Finally, the existing kinds of literature on the influencing factors of HQAD are mainly focused on a single variable or a few variables. Little consideration has been given to the categorization of the factors, and there is a lack of exploration of the driving mechanisms. Therefore, this study comprehensively explores the driving mechanisms of HAQD from four dimensions, including production conditions, productivity, production relations, and production efficiency. The panel Tobit model was also used to further examine the driving paths of various variables and regional heterogeneity. Taken together, the purpose of this paper is to provide effective suggestions for exploring possible paths to promote high-quality and sustainable agriculture in the rapid development stage of the world economy.




2. Conceptual Framework


2.1. Concept and Composition of HQAD


High-quality agricultural development (HQAD) is a reflection of the inherent nature and laws of the development of the agricultural economy. It refers to the transformation and upgrading of agriculture with new systems, mechanisms, dynamics, subjects, and new business models, to achieve a high degree of consistency in the “efficiency, sustainability and balance” of agriculture.



High quality in efficiency refers to high production efficiency, high industrial effectiveness and high returns for farmers. By improving the efficiency of agricultural resource allocation and enhancing the driving role of science and technology innovation, total factor productivity will be strongly improved and a modern agricultural system will be constructed. The added value of agricultural products will be increased, the industrial chain will be extended, and a new pattern of diversification and better integration of industries will be formed. Ultimately, farmers could share the value-added benefits of the agricultural industry chain, such as high quality in sustainability, which includes sustainable supply, sustainable ecology, and sustainable competitiveness. This guarantees a stable scale and quality of agricultural output, with consistent enhancement of the added value of agricultural products and services. Agriculture can be developed continuously at a moderate pace, and transformed from a resource-dependent traditional model to an intensive and sustainable one, with high quality in balance, which involves a balance between industrial structure, factor mix, and trading structure. The rationalization of the agricultural structure is the foundation of economic performance improvement and high-quality development. The balance within and between the various proportional relationships affects the overall coordination of the agricultural economy.



From the system engineering perspective, high-quality agricultural development can be seen as an organic whole. With the new development philosophy [25] of the Chinese government as a guideline, HQAD can be divided into six dimensions: innovation-effectiveness-sustainability-coordination-openness-sharing. Table 1 shows this best, reflecting intrinsic implications.



The Innovation dimension is reflected in the following three areas. First, organizational innovation: optimizing the new system of agricultural operation by developing diversified forms of moderate scale operation and socialized services modern operation. Second, scientific and technological innovation: through the development and promotion of agricultural technology, superior varieties, and new processing methods, enhancing production capacity with resource consumption reduction. Third, industrial and business innovation: transforming and upgrading traditional agriculture through big data and information technology, and developing new agricultural products; new industries, such as leisure agriculture; and new models, such as customized agriculture and e-commerce sales.



Effectiveness: first, this reflects the structural optimization and efficiency enhancement of production factor inputs, where the economic performance of agriculture can be further improved. Second, it indicates the supply of high-quality agricultural products to consumers, which enables it to meet the diversified expectations of the market for agricultural products, including green safety, variety diversification, branding, scarcity, and multi-functionality. Third, the growth rate of the agricultural economy should be consistent and stable, without drastic fluctuations.



Sustainability refers to accelerating the greenization of whole industrial chains and production patterns, promoting the realization of agro-ecological values, and creating a livable and comfortable environment. This dimension considers resource utilization and environmental safety.



Coordination: first, this is the coordination of industrial structure, which refers to the promotion of the integrated development of agriculture, manufacturing, and service industries in rural areas. Second, it is urban–rural coordination, which refers to promoting a balanced urban–rural relationship through high value-added agriculture and improving rural economic and social development.



Openness: this refers to facilitating the dynamic flow and aggregation of production factors across regions by adopting market mechanisms, so as to resolve the issue of the uneven distribution of resource endowments for agricultural development in part. It also includes the degree of dependence of agricultural products on foreign trade, reflecting the international competitiveness of agricultural products.



Sharing represents the development of rural infrastructure and the increased supply of rural public goods, which enable the improvement of farmers’ quality of life and the development of the rural areas. The expansion of market capacity and the widening of income generation channels allow farmers to access a more multifaceted stream of income activities, in addition to operational income.




2.2. Four-Dimensional Driving Mechanisms for HQAD


Differences in the production conditions of core resource element inputs exist in different regions. The synergistic evolution and upgrading of productivity, production relations, and production efficiency occur at all layers within and across industries. These constitute the entire dynamic mechanism for the development of the agricultural economy towards high quality (Figure 1).



2.2.1. Input–Output Mechanism: Production Efficiency Improvement


The primary driving force of agricultural economic development comes from the development of agricultural production and the factors of production (people, land, money, technology, information, infrastructure, etc.). The authors of [26] lay out the essential foundations which determine the performance and speed of HQAD. Specifically, agriculture is highly reliant on geographical location, climatic environment, and factor endowments. For example, regional disparities in arable land resources determine either decentralized or moderate-scale agricultural production patterns. Due to the scarcity and relative permanence of land resources, HQAD is increasingly dependent on the optimal allocation of agricultural labor productivity (new professional farmers, specialized agricultural technicians, etc.) and the guarantee of large amounts of capital input.




2.2.2. Regional Realization Mechanism: Production Condition Adaptation


China has followed an unbalanced path in its regional economic development strategy. Riding on the policy wind, the eastern region, with its advantageous location, has accelerated the process of regional industrialization, attracting a large number of capital and labor factors for concentration, and has become the development pole in China. However, there is a difficult and thorny road from “first to be rich” to “common prosperity”. There are significant variations between regions in terms of the economic development foundation, the factor endowment of rural agriculture, the construction of public infrastructure, the coordination of industrial structure, and the integration of urban and rural development [27]. The evolution of the spatial pattern of the agricultural industry has an influential effect on the efficiency of factor allocation, and there is an optimal interval for the contribution of industrial structural transformation to total factor productivity. In accordance with regional economic, social, and ecological conditions, it is required to establish a differentiated promotion mechanism with zone-based planning, step-by-step implementation, and hierarchical management. It is important to implement different strategies for integrated urban and rural development, in order to fully release the scale effect of industrial clusters, gathering momentum and empowering the high-quality development of regional agriculture.




2.2.3. Institutional Incentive Mechanism: Production Relations Optimization


The farmers’ demand for profit maximization induces institutional transformation into a highly efficient system, with more clearly defined property rights, more efficient production agents, better information channels, more scientific and effective decision-making methods, more equitable and reasonable distribution methods, and more comprehensive legal and market systems, which greatly liberate social productivity. These elements are closely linked and constitute an “incentive field” with internal interactions and feedback, thus producing a significant incentive effect on the entire production system.



HQAD includes not only the content of productivity, such as the industrial system, industrial structure and organization structure, but also the content of production relations, including the income distribution system, ownership forms of production means and resource allocation methods. Therefore, production relations and the corresponding institutional mechanisms have to be adjusted and restructured. In practice, the institutional environment of China’s agricultural development is mutually constructed by two mechanisms: the market mechanism and the government mechanism.




2.2.4. Technological Innovation Mechanism: Productivity Progress


Since the industrial revolution, market competition and the use of machinery have led to rapid improvements in agricultural technology, and have contributed to leaps in agricultural productivity [28]. Scientific and technological innovation can improve the efficiency of agricultural output while reducing environmental pollution, and can leverage positive externalities to drive coordinated regional agricultural development. The momentum of Chinese agricultural production has shifted from resource endowment inputs in the initial development stage and capital factor inputs in the deepening stage, to a reliance on modern technological innovation in agriculture. Agricultural productivity can be boosted by optimizing the resource allocation and production operations. The organic embedding of advanced factors in agricultural production can be achieved through the emergence and diffusion of technology, reducing the constraints on agricultural production imposed by traditional resource endowments [29], such as land constraints, labor shortages, and a lack of capital for innovative agents.






3. Evaluation and Regional Disparities of HQAD in China


3.1. Data


This paper measures the level of HQAD in China from 2010 to 2018 using provincial data (excluding Tibet, Taiwan, Hong Kong, and Macao). Data are obtained from the China Rural Statistical Yearbook, China Agricultural Yearbook, China Rural Management Statistical Annual Report, China Agricultural Machinery Industry Yearbook, China Leisure Agriculture Yearbook, as well as statistics from the Chinese Ministry of Agriculture and Rural Affairs and statistical bulletins from provinces, autonomous regions, and municipalities. Missing data were supplemented by the linear interpolation method.



To conduct a regional comparison and analysis, we classify the 30 provinces, municipalities, and autonomous regions in China into four regions: The east, northeast, central, and west. The east region refers to the nine eastern coastal provinces and municipalities, including Beijing, Tianjin, Shanghai, and Guangdong, with developed economies and higher levels of urbanization. The northeast region includes three provinces of Liaoning, Jilin, and Heilongjiang, which are China’s old industrial bases and major grain-producing regions. The central region includes six provinces including Jiangxi, Hunan, and Hubei. The west region includes 12 provinces, autonomous regions, and municipalities, including Inner Mongolia, Guangxi, Yunnan, and Xinjiang (excluding Tibet, due to data deficiency). The central and west regions are also known as the interior region. These regions are mostly less-developed and developing areas.




3.2. Methods


3.2.1. Multidimensional Evaluation Model


Based on the above theoretical connotation and relevant indicator frameworks in the existing literature [30,31], this study constructs a comprehensive evaluation framework for high-quality agricultural development (Table 1). Taking the new development philosophy as the guideline, this paper top-down reconstructs the overall goal of China’s HQAD into six primary subsystems, and further breaks down these subsystems into a total of 12 criterion layers. Following this, indicators are added and subtracted from the bottom up, taking into account the availability and consistency of the data. Finally, 29 specific quantifiable indicators are shown in Table 1. All the indicators selected in the evaluation system are result-oriented, because the criteria for determining the quality of agriculture should be the final output.



Among them, agricultural total factor productivity (TFP) was measured using the SFA-Malmquist model. The output index is the total agricultural output value (AOV), while the input index includes agricultural labor input, the sown area of crops, chemical fertilizer usage, agricultural mechanical input, and irrigation area. The nominal provincial AOV data are converted to real AOV data at constant 2000 prices.



In the Sustainability dimension, the agricultural disaster rate, the degree of air pollution, and the degree of water pollution in agriculture are selected to measure the results of environmental protection and safety in agriculture. The agricultural disaster rate indicator is subject not only to ‘natural attributes’, but also to the social attributes of agriculture’s own disaster-bearing systems, which can reflect the results of biodiversity conservation. The factors “degree of air pollution in agriculture” and “degree of water pollution in agriculture” examine whether agricultural development is sustainable in terms of environmental costs, following Han and Wei [30,31].



In measuring the degree of air pollution in agriculture, total agricultural carbon emissions include four aspects: the sum of carbon emissions from fertilizer, agriculture, mulch, diesel, and irrigation; nitrous oxide (   N 2  O  ) emissions from agricultural soils (converted to     CO  2   ); carbon emissions from livestock; and     CH  4    emissions from rice paddies (converted to     CO  2   ) [32].



The degree of agricultural water pollution is measured using agricultural non-point source pollution emissions. This includes three types of pollution discharges: TN, TP, and COD. As there are differences in the impact of different pollutants on water bodies, emissions are normalized and converted into equivalent pollution loads for comparative analysis [33]. The equivalent pollution load is given by:


   P i  =    W i     C  i 0      



(1)




where Pi is the equivalent pollution load of the ith agricultural non-point source pollutant, and Wi is the emission of the ith agricultural non-point source pollutant. Ci0 is the standard concentration value of the ith pollutant, referring to the National Environmental Quality Standard for Surface Water (GB3838-2002) for Class III water, where COD is 20 mg/L, TN is 1 mg/L, and TP is 0.2 mg/L.



The indicators selected are all results-oriented to guarantee the objectivity and reasonableness of the evaluation. The data used are generally given as ratios or averages to reduce the variation in economic volume between regions. The selection of indicators is irreplaceable, complementary, and supportive. The data are not excessively difficult to obtain and the overall workload for the comprehensive measurement is moderate.




3.2.2. Spatio-Temporal Range Entropy-Based Approach


Based on the multidimensional evaluation model above, an appropriate multi-index measurement method needs to be selected for converting various indicators into a comprehensive evaluation index.



According to the classic model of the entropy weight method [34,35,36], and following Yang et al. (2015) [37], an improved entropy method with the addition of time variables was used to objectively assign weights to each indicator in the panel data. It is possible to avoid the interference of subjective assignments and to eliminate the influence of time differences in certain ways. Therefore, the results can be compared between years and objectively reflect the development gaps among the research subjects. The method is explained below.



First, the range method is conducted for the raw data normalization. Positive and inverse indicators are standardized as below:


  Positive   indicators :    y  θ i j   =    x  θ i j   −  x  j m i n      x  j m a x   −  x  j m i n      



(2)






  Inverse   indicators :    y  θ i j   =    x  j m a x   −  x  θ i j      x  j m a x   −  x  j m i n      



(3)




where    x  θ i j     is the    j  t h     original value for province   i   in year   θ ,    y  θ i j     is the standardized outcome value, and    x  j m i n     and    x  j m a x     are the minimum and maximum values of the    j  t h     statistical indicator, respectively.



Second, since the base needs to be greater than 0 in logarithmic operations, the equation is made an overall translation, avoiding negative values or zeros in the normalization process [38]:


     y  θ i j  ′  =  y  θ i j   + a  



(4)







Next, determine the weight of indicator j for the ith province and municipality in year θ:


   P  θ i j   =  y  θ i j  ′  /   ∑  θ    ∑  i   y  θ i j  ′      θ = 1 , 2 , ⋯ , r ; i = 1 , 2 , ⋯ , n    



(5)




where r represents the number of years in the sample and n represents the number of provinces and municipalities. The sample includes data from China and its 30 provinces and municipalities from 2010–2018, so r = 9 and n = 31.



Following this, calculate the value of entropy and coefficient of variation for the    j  t h     indicator.


     e j  = − k  ∑  θ = 1  r   ∑  i = 1  n   P  θ i j   ln    P  θ i j      



(6)




where k > 0, k = 1/ln(r × n).    e j    is the entropy value of the jth indicator, 0 ≤    e j    ≤ 1.


   d j  = 1 −  e j   



(7)




where    d j    is the coefficient of variation in indicator j. Larger values for    d j    indicate the relative importance of jth evaluation indicator and imply larger values for the entropy weight of jth indicator.



Fifth, we calculate the weight    w j    for the jth indicator.


   w j  =  d j  /   ∑   j = 1  n   d j   



(8)







Finally, the multi-objective linear weighting function method was used to weigh all evaluation indicators. Calculate the comprehensive index and dimensional index for each subject:


   F  θ i   =   ∑  j   w j   y  θ i j    



(9)








3.2.3. Dagum Gini Coefficient


This study adopts the Dagum Gini coefficient and its decomposition proposed by Dagum C (1997). This model [39] is used to compensate for the shortcomings of the traditional Gini and Thiel coefficients in terms of the sources of regional differences and the description of sample overlap.



The overall Gini coefficient G is decomposed into the contribution of intra-regional variation    G w   , the contribution of inter-regional net differences    G  nb     and the contribution of hyper variable density    G t   , and satisfies      G = G   w     + G    nb      + G   t   . The formula is as follows:


  G =    ∑  j = 1  k   ∑  h = 1  k   ∑  i = 1    n j     ∑  r = 1    n h       y  j i     −    y  h r         2  n 2  μ    



(10)




where    y  ji     and    y  hr     are the HQAD levels of any province i and r in regions j and h, respectively; μ is the national average; n is the sum of the number of provinces and municipalities in the region; k is the number of regional divisions; and    n j   ,    n h    are the number of provinces in regions j and h.



In performing the Gini coefficient decomposition, it is necessary to first rank region k according to the mean of the HQAD measure (Equation (11)).    Y ¯    refers to the mean evaluation level value within the study area.


       Y h   ¯  ≤ ⋯    Y j   ¯  ≤ ⋯    Y k   ¯   



(11)







Equations (12) and (13) represent the Gini coefficient    G  j j     for region j and the intra-regional gap contribution    G W   , respectively. The formulae for the inter-regional Gini coefficient    G  jh    , the inter-regional net value gap contribution    G  nb     and the hypervariable density contribution    G t    are given in (14–16), respectively, where    p j  =    n j   n   ,    s j     = n     j       ×         Y j   ¯     ( n ×   Y ¯  )    , and   j = 1 ,   2 ⋯ , k .      S j    refers to the   j  th    region HQAD evaluation level value share [40].    D  j h     is the effect of relative HQAD levels between regions j and h; see Equation (17).    d  j h     is defined as the difference in HQAD levels between regions, which is the mathematical expectation of the sum of all sample values in regions j, h with    y  j i   −  y  hr   > 0  , as shown in Equation (18).    p  j h     is the hypervariable first-order distance, when    μ j  >  μ h   ,    p  j h     is the weighted average of all   (  y  h r   −  y  ji   )   under the condition of    y  h r   −  y  ji   > 0   (Equation (19)).    F j   ,    F h    are the cumulative density distribution functions for regions j and h, respectively.


   G  j j   =    ∑  i = 1    n j     ∑  r = 1    n j       y  j i   −    y  j r         2  n j 2     y j   ¯     



(12)






   G w  =   ∑   j = 1  k   G  j j    p j   s j   



(13)






   G  j h      ∑  i = 1    n j     ∑  r = 1    n h       y  j i   −    y  h r          n j   n h       Y j   ¯  +    Y h   ¯       



(14)






   G  n b   =   ∑   j = 2  k    ∑   h = 1   j − 1    G  j h      p j   s h  +  p h   s j     D  j h    



(15)






   G t  =   ∑   j = 2  k    ∑   h = 1   j − 1    G  j h      p j   s h  +  p h   s j    ( 1 −  D  j h   )  



(16)






   D  j h   =    d  j h   −  p  j h      d  j h   +  p  j h      



(17)






   d  j h   =   ∫  0 ∞  d  F j   y    ∫  0 y    y − x   d  F h   x   



(18)






   p  j h   =   ∫  0 ∞  d  F  h      y    ∫  0 y    y − x   d  F j   y   



(19)









3.3. Measures and Analysis


3.3.1. Spatio-Temporal Evolution of HQAD in China


The spatio-temporal range entropy-based approach was used to measure the overall level and sub-dimensional index of HQAD in China’s 30 provinces, municipalities, and autonomous regions from 2010 to 2018.



At the national level (Table 2), the level of HQAD in China showed a steady increase during the sample period. The comprehensive index increased from 0.3077 in 2010 to 0.3520 in 2018, with an average annual improvement rate of 0.55%. All sub-dimensional indices have improved to varying degrees, with differences in the degree of contribution to the comprehensive index. The improvement in the composite index over the selected period relied mainly on Innovation and Openness, with Sustainability and Effectiveness being relatively weak. The Coordination dimension saw the largest increase, from 0.0465 in 2010 to 0.0611 in 2018, with an average annual increase of 0.18%. The Sharing dimension increased the least, by 0.44% from 2010–2017, and even retreated in 2018.



The coefficient of variation of HQAD follows an ‘M’-shaped trend over the selected period (Figure 2). The value rose from 0.3362 in 2010 to 0.3541 in 2011, followed by a slight fluctuation in the next three years, then a steady decline from 2015 onwards, and basically remained the same as that of 2017 in 2018. It can be seen that the relative differences between HQAD values in each area show a dynamic pattern of “widening-shrinking-widening-steady” during the period 2010–2018.



Comparative analysis of the indexes between the different dimensions of the four regions show that not all of the strengths in the sub-dimensions remain in the east (Table 3). For example, in 2018, the northeast region performed best in both the Effectiveness and Sustainability dimensions, while the central region achieved a high level of Innovation and rapid growth in the index. Thus, different regions have great potential for development and need to follow differentiated paths.



At the provincial level, the coefficient of variation reveals an M-shaped dynamic process of “widening-shrinking-reversing-stable” in the relative differences between provinces. The mean value (E) of the composite index for provinces during 2010–2018 is 0.329 and the standard deviation (SD) is 0.090. Based on the relationship between the mean value (E) and the standard deviation (SD), four levels can be distinguished [41]. The cross-sectional data of five of the time points were selected to reflect the characteristics of the spatio-temporal evolution, as shown in Figure 3. In general, a more obvious “high in the east and low in the west” spatial distribution pattern is presented.



Specifically, Level I (≥E+0.5SD) of the HQAD level continues to contain the six eastern provinces and municipalities of Jiangsu, Zhejiang, Beijing, Shanghai, Shandong, and Tianjin, with Guangdong, Fujian, and Hebei fluctuating above and below the national average. Among the three northeastern provinces in China, Liaoning province is representative of Level II [E+0.5SD, E), with a stable composite index of around 0.36 during the sample period. It has the momentum to jump into the superior category, while the other two provinces also exceed the national average. The central region, represented by Jiangxi and Shanxi provinces, mostly remained in Level III [E, E−0.5SD), with a mediocre composite level of performance. Anhui province has made a significant amount of progress, leaping into Level I in 2014; Hunan and Hubei provinces are on a steady upward trend, successfully entering Level II in 2018. It is worth noting that Henan province, a major agricultural province in central China, has been lagging in the provincial rankings during the selected period. Among the 12 provinces in the western region (except for Sichuan and Chongqing, which have made significant improvement), the average level of the remaining 10 provinces was below 0.3, mostly in Level III or IV(≤E−0.5SD).




3.3.2. Regional Disparities and Sources of HQAD in China


Based on the method mentioned in Section 3.2.3, the Gini coefficient of the regional HQAD composite index in China was measured by Matlab. The results are shown in Table 4.



Aggregate regional disparities and dynamic evolution. During the selected period of 2010–2018, the aggregate disparities in HQAD in China showed a fluctuating downward trend, with a decline of 23.7%. The overall declining trend of “slight increase−sharp decrease−rebound−decrease” indicates that there is a gradual reduction in regional disparities in the HQAD index. According to Figure 4, the fluctuations are within a reasonable range. The inflections occurred in 2011 and 2014 (Figure below), at the beginning and end of China’s 12th Five-Year Plan period. The variation in the implementation of the newly adjusted agricultural policies in different regions may be the cause of the fluctuations.



	
Intra-regional disparities and dynamic evolution. There are clear differences in the trends of change among the four regions. In contrast, the east region has the greatest intra-regional variations, followed by the west and central regions, while the northeast region has the least. Except for the east region, where there was a fluctuating decline, the other three regions all experienced a small upward trend. Most of the central and western provinces have seen an increase in HQAD levels, but this has been quite gentle. Hunan and Hubei in the central region and Chongqing and Sichuan in the west region are developing at a rapid pace, resulting in intra-regional variation in the two regions generally appearing in the trend of expansion year by year.



	
Inter-regional disparities and dynamic evolution. Generally speaking, both the northeast–west and northeast–central inter-regional differences show a trend of repeated minor oscillations up and down. The eastern and western inter-regional disparities are the largest, with a mean value of 0.2517. The remaining inter-regional disparities have a comparatively noticeable decline. The reason for this is that most provinces have escaped from the low-level category to catch up with the superior one, and the coefficient of inter-regional disparity has been shrinking. However, the west is limited by its resource endowment, and the pace of agricultural development is relatively slow.



	
Sources of regional disparity and contributions. The inter−regional hyper-variance density contribution has a rise of over 7%, but it still accounts for the smallest share of the three main sources, with a sample cross-over issue of minor effects between regions. The mean contribution of intra-regional disparity to aggregate disparity is 16.51%, while the contribution of inter-regional disparity is far higher than the other two. Thus, it shows that the achievement of a coordinated and balanced development of the agricultural economy in China is still a matter of reducing inter-regional differences.









4. Driving Mechanism Analysis of HQAD


4.1. Variables


Guided by the theoretical analysis in Section 2.2, and regarding existing research [12,18,19,42,43,44], a total of eight driving factors in four areas were selected in this paper. The response variable is the HQAD level, denoted by dev. The specific indicators are described as follows:




	
Factor inputs. Labor input is reflected by educational attainment per rural person (lab), and capital input is reflected by investment in fixed assets per rural farm household (fai).



	
Regional realization foundation. The three factors representing the social, economic, and ecological conditions of the region are selected, respectively. The urbanization rate (urb), used to measure the level of urbanization and the industrial structure, is represented by the proportion of non-agricultural industries (ind). Environmental regulation can create a push-back effect on green development and quality development, promoting the emergence and diffusion of green innovations. The proportion of investment in environmental pollution control (env) is selected as the measure.



	
Institutional incentives. Market demand regulation is expressed in terms of social consumption levels, with the total retail sales of consumer goods per capita (mar) selected as the specific variable. Government support and guidance are expressed in terms of financial inputs to agriculture and use an indication of agricultural water expenditure per capita in local finance (gov).



	
Technological innovation. Technology innovation is a strong driving force in the new stage of agricultural development, and a key to promoting the efficient integration of the three industries. It is expressed as a percentage of investment in research and development (tec).








The data are obtained from the China Agricultural Yearbook, China Foreign Investment Report, China Transport Yearbook, China National Bureau of Statistics database, China Ministry of Ecology and Environment database, and local statistical yearbooks from 2010–2018.




4.2. Methodology


The HQAD level value, used as explanatory variable, has the characteristics of non-negative truncation, ranging between 0 and 1 (Table 5). This paper, therefore, uses panel Tobit regression for driving factor analysis to avoid biased estimates of the restricted explanatory variables under the OLS method [45,46].



The following analytical model was constructed.


  d e  v  i j   =  a 0  +  a 1  l a  b  i j   +  a 2  f a  i  i j   +  a 3  u r  b  i j   +  a 4  i n  d  i j   +  a 5  e n  v  i j   +  a 6  m a  r  i j   +  a 7  g o  v  i j   +  a 8  t e  c  i j   +  γ i  +  ε j   



(20)




where   d e  v  i j     is the HQAD index for province i in year j.   a 1  ~  a 8    are the estimated coefficients for each factor,    a 0    represents the intercept term,    γ i    is the individual effect, and    ε j    represents the random disturbance term.




4.3. Results


Considering the possibility of heteroskedasticity in the cross−sectional data, the data of the selected variables were standardized and subjected to correlation analysis and VIF multicollinearity tests [47] (Table 6).



The results indicate that there are no multicollinearity issues with the independent variable data and further analysis can be conducted. Table 7 shows the results of the multiple regression of the driving mechanism of high-quality agricultural development based on the China−wide sample.



4.3.1. Nation-Wide Analysis


In this paper, three regression models were selected and variables were gradually added for comparative purposes [48]. The likelihood ratio test results strongly reject the original hypothesis of    H 0  : β =  β 0   , indicating the existence of individual effects. The random effects panel Tobit model is selected reasonably and the results of the regression analysis are significant. Regression (1) examines the impact of internal factor inputs on HAQD and the results pass the significance test, indicating positive contributions of both labor input and capital input. Regression (2) adds three factors to the regional realization foundation, which are significant at the 1% and 5% levels, respectively. Among them, the urbanization level and environmental regulation show positive effects on the level of quality agricultural development, while industrial structure shows a negative effect. Regression (3) is further expanded and the estimation results of the included factors are consistent with those of regression (1) (2), with all the newly investigated variables passing the significance test.



Further analysis was performed based on the results of regression (3). Most of the explanatory variables, except industrial structure and the level of financial support to agriculture, positively drive high-quality agricultural development. The urbanization level (0.205), capital input (0.142), and labor input (0.028) were in the top three in terms of intensity of impact on the response variable. On the one hand, urbanization promotes the development of rural industries and farmers’ income through the expansion of market demand for agricultural products [49]; on the other hand, it promotes the flow and exchange of labor, capital, technology, information, and other factors between urban and rural areas, and strengthens the foundation of agricultural and rural development. The results of the factor input regressions indicate that the stable supply of high-quality agricultural development under existing technological conditions is still reliant on the number of inputs of production factors.



Worthy of attention are the two variables that have negative effects: the advanced industrial structure and the level of government financial support to agriculture. The reason for the former may lie mainly in the fact that the total factor production contribution and return rates of the agricultural industry are in a state of fluctuation pending a breakthrough. Productivity differences among industry sectors can create a magnetizing effect, resulting in labor turnover and higher production costs in agriculture. To some extent, this weakens the agricultural development potential and production efficiency. The reason for the latter may lie mainly in the unreasonable structure of financial support for agriculture. First of all, agricultural fiscal expenditure places excessive emphasis on the basis of agricultural production and this has a crowding-out effect on other input funds. According to the data published by the China Finance Yearbook, it was found that from 2010 to 2018, the scale of various subsidies for agriculture in fiscal agricultural expenditure was very substantial, accounting for maintaining around 15%. The total amount in 2018 was RMB 267.7 billion, with the highest amount being agricultural production support subsidies, amounting to RMB 135.1 billion [50].



Stimulated by subsidies and other preferential policies, farmers are obsessed with pursuing high yields and incomes, heavily relying on the expansion of cultivated areas and the excessive application of chemical fertilizers, pesticides, and agricultural films, which has negatively affected the quality of agricultural products, the balance of the supply structure and the agro-ecological environment. Second, government financial support for agricultural marketization, agricultural infrastructure construction, vocational skills training for farmers, and the agricultural ecological environment is seriously insufficient. After 2016, with rural revitalization and poverty-alleviation policies, expenditure in areas such as the construction of ecological projects and rural poverty alleviation has increased significantly, but the promotion of HQAD in these areas suffers from a prolonged cycle [51]. Finally, there is limited fiscal expenditure on agricultural scientific research and technology promotion, with the proportion basically remaining at around 10%. In general, although financial support for agriculture has a positive impact on the total value of agricultural output, it does not play a role in the Innovation, Sustainability, Coordination, and Openness aspects, and therefore has a significant restraining effect on the aggregated HQAD.




4.3.2. Regional Heterogeneity Analysis


The regional regression results in Table 8 show that the “urban back-feeding effects” and the “capital-factor driving force” have the most significant positive contribution to HQAD in the east and northeast regions. As the leading urbanization area in China, the spillover effect from the urban areas can promote urban–rural linkages, creating the necessary foundation for agricultural transformation on both the supply and demand sides. In addition, the demand for labor in eastern and northeastern China, which has a core tendency towards scale development, industrialization, and modernization, has fallen. In the transformation and upgrading of agriculture, movements such as land transfer and contract management, technology promotion, the upgrading of farm equipment, infrastructure construction, and training of new professional farmers heavily rely on capital investment.



In the eastern region, the regression results for driving factors are largely consistent with the national result. However, as agricultural development in the region has entered the “deep-water zone” and maturity stage, the distance to the development ceiling under existing productivity is relatively narrow, resulting in a reduction in the marginal contribution effectiveness of the factors. Science, technology, and innovation inputs in northeastern China show significant negative effects on HQAD. As the major grain-producing area, agricultural science and technology in the northeast region are in urgent need of change and innovation. However, the cost of reformation and the probability of risk during the bottleneck period lead to inefficiencies and low matching between research inputs and outputs, resulting in a short-term downward pressure on agricultural development.



In the central and western regions, “structural transformation” and “technological innovation” are the most typical negative constraints and positive drivers, respectively. First, the sectoral development gap in structural transformation has an adsorption effect on agricultural resources. In the current stage, the trickle-down effect of the new “agriculture+” model need to be enhanced, industrial integration and upgrading needs to be completed, and mechanisms for benefiting farmers need to be further strengthened. This has led to a side-effect of the optimization of the industrial structure on the high-quality development of agriculture. Secondly, since China’s 12th Five−Year Plan, a new round of national policies for supporting central and western regional development and technology innovation has led to a gradual improvement in agricultural technology resource investment and the innovation environment. The rate of technology achievement transferring and comprehensive capacity enhancement has shown a late-stage advantage, becoming an important engine for the upgrading of agricultural production factors and the transformation of production efficiency.



In addition, government support and market demand have made significant contributions to agricultural development in the central and west regions, respectively. In the central region, with relatively inferior initial agricultural endowments, financial support for agriculture has not reached saturation within the “threshold”, showing greater welfare and marginal effects. At the same time, in implementing the “Rise of Central China” strategy, the government of the central region has played an active and effective leading role in areas, including capital scale expansion, intervention management, and urban–rural coordination. The western region is currently in a buyer’s market, where supply exceeds demand. Market demand is forcing continuous adjustments in agricultural production efficiency, business practices, and industrial structure in the western region. A pull-type supply chain reformation promotes the optimization of agriculture in the direction of high efficiency and quality.






5. Conclusions and Discussion


The major findings of this paper are summarized as follows. Firstly, the comprehensive level of HAQD in China has been steadily improving, showing a significant spatial and temporal dynamic pattern of being high in the east and low in the west. The structural inequality highlights the fact that HAQD enhancement is mainly driven by Innovation and Openness dimensions, while Sustainability and Effectiveness are areas of relative weakness. Secondly, there is a gradual narrowing of regional disparities, with a clear trend of low-level regions catching up with high-level regions, and inter-regional disparities contribute most to the aggregate disparities. Third, the multiple regression results show that factor inputs, technological innovation, market demand, urbanization, and environmental regulations all play positive roles in China’s high-quality agricultural development, while the industrial structure and government support have a negative impact, with regional heterogeneity in the driving effects of each factor.



Therefore, this paper gives the following recommendations. (1) Emphasis should be placed on improving the overall plan for high-quality agricultural development, coordinating the regional agricultural layout from a global perspective, and managing each region hierarchically and categorically according to its development progress and functional differences. (2) Given the regional disparities, it is crucial to encourage the formulation and implementation of differentiated strategies for agricultural development and to give full play to comparative advantages. Different modes of collaboration should be adopted among regions according to the HQAD categories, such as regional sharing alliances, cross-regional coordination and complementarity, and advanced regions radiating backwardness, to strengthen agricultural exchanges and cooperation. (3) It is important to improve the incentive mechanism for upgrading agricultural labor capital and enhance the willingness and capabilities of participating subjects. It is also crucial to accelerate the industrial application and promotion of agricultural technology, take advantage of the supporting role and integration effect of scientific and technological resources, and optimize the competitive market environment, narrowing the “information gap” through digital platforms and promoting the effective matching of production supply with market demand. We must remove the institutional barriers that prevent the autonomous flow and optimal allocation of factors between urban and rural areas, and promote the integration of urban and rural social security systems, as well as accelerating the practical application of green production methods through multilateral cooperation and strengthening the leading role of ecological development concepts in the upgrading of the agricultural industry.
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Figure 1. Four−Dimensional Driving Mechanisms For HQAD. 
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Figure 2. Temporal evolution and the coefficient of variation of HQAD. 
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Figure 3. HQAD Provincial Classification in China 2010−2018. 
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Figure 4. Aggregate Regional Disparities and Dynamic Evolution of HQAD. 
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Table 1. Evaluation framework of HAQD and index weights.
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Dimension

Index

	
Factor Index

	
Basic Index

	
Attribute






	
Innovation

(0.3062)

	
Foundation of

innovation (0.1236)

	
Number of agrotechnicians (ten thousand people) (0.0383)

	
+




	
Degree of agricultural information services (0.0732)

	
+




	
Education level of rural residents (0.0121)

	
+




	
Innovative mode

(0.1826)

	
Participation rate of farmers in cooperatives (0.1124)

	
+




	
Leisure agriculture output ratio (0.0702)

	
+




	
Effectiveness

(0.132)

	
High-efficiency

(0.039)

	
Agricultural value-added rate (0.0107)

	
+




	
Agricultural total factor productivity (0.0283)

	
+




	
High-quality

(0.093)

	
Green produce level (0.0567)

	
+




	
Stable level of food supply (0.0363)

	
+




	
Sustainability

(0.2132)

	
Resource utilization

(0.0636)

	
Water consumption (RMB 10,000 of agricultural GDP) (0.0148)

	
−




	
Electricity consumption (RMB 10,000 of agricultural GDP) (0.0341)

	
−




	
Arable land replanting index (0.0147)

	
−




	
Environment Safety

(0.1496)

	
Agricultural disaster rate (0.077)

	
−




	
Degree of air pollution in agriculture (0.0275)

	
−




	
Degree of water pollution in agriculture (0.0451)

	
−




	
Coordination

(0.1866)

	
Urban–rural coordination

(0.1426)

	
Ratio of per capita consumption expenditure between urban and rural residents (0.1046)

	
−




	
Ratio of per capita disposal income between urban and rural residents (0.038)

	
−




	
Industrial coordination

(0.044)

	
Agro-processing industry output ratio (0.0332)

	
+




	
Agro-service industry output ratio (0.0055)

	
+




	
Industry restructuring index (0.0053)

	
+




	
Openness

(0.0555)

	
Factor liberalization

(0.0456)

	
Level of marketisation of capital factors (0.0167)

	
+




	
Level of marketisation of labor factors (0.0235)

	
+




	
Land turnover rate (0.0054)

	
+




	
Foreign trade (0.0099)

	
Agricultural export dependency (0.0099)

	
+




	
Sharing

(0.1065)

	
Welfare distribution

(0.0612)

	
Public health level (0.0199)

	
+




	
Level of rural social security (0.0216)

	
+




	
Incidence of rural poverty (0.0197)

	
−




	
Life quality

(0.0453)

	
Volatility in the rural consumer price index (0.019)

	
−




	
Engel coefficient for rural households (0.0262)

	
−
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Table 2. HQAD Composite and Dimensional Indexes in China 2010−2018.
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Index

	
2010

	
2011

	
2012

	
2013

	
2014

	
2015

	
2016

	
2017

	
2018






	
Composite index

	
HQAD

	
0.3077

	
0.3009

	
0.2856

	
0.3495

	
0.3375

	
0.3355

	
0.3487

	
0.3439

	
0.3520




	
Dimensional index

	
Innovation

	
0.0627

	
0.0596

	
0.0569

	
0.0687

	
0.0708

	
0.0684

	
0.0736

	
0.0673

	
0.0689




	
Effectiveness

	
0.0466

	
0.0458

	
0.0434

	
0.0539

	
0.0516

	
0.0522

	
0.0536

	
0.0537

	
0.0569




	
Sustainability

	
0.0432

	
0.0405

	
0.0381

	
0.0507

	
0.0453

	
0.0468

	
0.0494

	
0.0477

	
0.0507




	
Coordination

	
0.0465

	
0.0468

	
0.0470

	
0.0580

	
0.0520

	
0.0536

	
0.0598

	
0.0582

	
0.0611




	
Openness

	
0.0536

	
0.0544

	
0.0523

	
0.0621

	
0.0604

	
0.0573

	
0.0582

	
0.0575

	
0.0615




	
Sharing

	
0.0551

	
0.0538

	
0.0480

	
0.0561

	
0.0573

	
0.0571

	
0.0539

	
0.0595

	
0.0530
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Table 3. HQAD sub-dimensional indexes for four regions in China 2010 and 2018.
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Innovation

	
Effectiveness

	
Sustainability

	
Coordination

	
Openness

	
Sharing




	
2010

	
2018

	
2010

	
2018

	
2010

	
2018

	
2010

	
2018

	
2010

	
2018

	
2010

	
2018






	
Northeast

	
0.055

	
0.06

	
0.066

	
0.099

	
0.038

	
0.06

	
0.05

	
0.051

	
0.036

	
0.045

	
0.063

	
0.054




	
East

	
0.107

	
0.078

	
0.046

	
0.049

	
0.046

	
0.058

	
0.056

	
0.072

	
0.11

	
0.125

	
0.07

	
0.071




	
Central

	
0.043

	
0.071

	
0.053

	
0.07

	
0.041

	
0.044

	
0.049

	
0.07

	
0.028

	
0.043

	
0.048

	
0.05




	
West

	
0.042

	
0.067

	
0.039

	
0.047

	
0.043

	
0.048

	
0.037

	
0.051

	
0.029

	
0.027

	
0.046

	
0.049
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Table 4. Gini Coefficient and Decomposition Results for HQAD In China 2010−2018.
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2010

	
2011

	
2012

	
2013

	
2014

	
2015

	
2016

	
2017

	
2018






	
Aggregate

	
0.169

	
0.183

	
0.17

	
0.146

	
0.153

	
0.139

	
0.131

	
0.125

	
0.129




	
Intra-Regional Disparities

	
Northeast

	
0.017

	
0.026

	
0.019

	
0.03

	
0.043

	
0.024

	
0.023

	
0.025

	
0.028




	
East

	
0.123

	
0.123

	
0.131

	
0.095

	
0.096

	
0.096

	
0.09

	
0.082

	
0.086




	
Central

	
0.033

	
0.052

	
0.043

	
0.036

	
0.06

	
0.062

	
0.049

	
0.059

	
0.056




	
West

	
0.054

	
0.08

	
0.061

	
0.071

	
0.085

	
0.082

	
0.087

	
0.078

	
0.081




	
Inter-Regional Disparities

	
Northeast/East

	
0.178

	
0.161

	
0.164

	
0.119

	
0.129

	
0.126

	
0.119

	
0.112

	
0.104




	
Northeast/West

	
0.134

	
0.168

	
0.138

	
0.144

	
0.145

	
0.114

	
0.125

	
0.113

	
0.132




	
Northeast/Central

	
0.081

	
0.109

	
0.099

	
0.089

	
0.076

	
0.08

	
0.048

	
0.059

	
0.061




	
East/West

	
0.298

	
0.313

	
0.292

	
0.252

	
0.256

	
0.224

	
0.215

	
0.205

	
0.21




	
East/Central

	
0.248

	
0.258

	
0.255

	
0.199

	
0.18

	
0.181

	
0.15

	
0.151

	
0.13




	
West/Central

	
0.063

	
0.084

	
0.062

	
0.078

	
0.108

	
0.092

	
0.103

	
0.09

	
0.12




	
Contribution (%)

	
Intra−Regional

	
13.975

	
14.974

	
15.09

	
15.046

	
17.556

	
17.982

	
18.074

	
17.796

	
18.128




	
Inter−Regional

	
84.962

	
83.052

	
83.049

	
82.586

	
78.711

	
75.268

	
73.888

	
75.595

	
73.529




	
Hyper−Variance Density

	
1.063

	
1.974

	
1.861

	
2.368

	
3.733

	
6.751

	
8.038

	
6.608

	
8.343
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Table 5. Variable Descriptive Statistics Results.
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	N
	Mean
	SD
	Min
	Max





	dev
	270
	0.329
	0.093
	0.178
	0.58



	lab
	270
	7.85
	0.658
	6.132
	9.898



	fai
	270
	0.184
	0.078
	0.023
	0.466



	urb
	270
	0.574
	0.133
	0.35
	0.917



	ind
	270
	0.907
	0.048
	0.769
	0.996



	mar
	270
	2.094
	1.28
	0.443
	6.019



	gov
	270
	0.126
	0.07
	0.042
	0.398



	tec
	270
	1.744
	1.378
	0.46
	6.985



	env
	270
	1.538
	0.815
	0.36
	3.83
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Table 6. VIF Test Results.






Table 6. VIF Test Results.










	Variable
	VIF
	1/VIF





	mar
	7.56
	0.132309



	urb
	5.38
	0.185723



	tec
	5.1
	0.196054



	edu
	2.12
	0.471186



	ind
	2.07
	0.483476



	env
	1.52
	0.656906



	fai
	1.51
	0.664388



	gov
	1.34
	0.747237



	Mean VIF
	3.32
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Table 7. Regression results of the HQAD driving factors in China.
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Categories

	
Variables

	
Regression (1)

	
Regression (2)

	
Regression (3)






	
Factor inputs

	
Labor input

	
0.068 *** (0.005)

	
0.034 *** (0.005)

	
0.028 *** (0.005)




	
Capital input

	
0.152 *** (0.033)

	
0.169 *** (0.035)

	
0.142 *** (0.033)




	
Realization foundation

	
Urbanization level

	

	
0.328 *** (0.046)

	
0.205 *** (0.055)




	
Industrial structure

	

	
−0.259 *** (0.056)

	
−0.297 *** (0.054)




	
Environmental regulation

	

	
0.008 ** (0.003)

	
0.010 *** (0.003)




	
Institutional incentives

	
Market demand

	

	

	
0.014 *** (0.005)




	
Government support

	

	

	
−0.116 ** (0.046)




	
Technological innovation

	
Investment in R&D

	

	

	
0.014 ** (0.006)




	

	
_cons

	
0.073 * (0.083)

	
0.069 ** (0.067)

	
0.181 *** (0.067)




	

	
Sigma u

	
0.081 *** (0.011)

	
0.055 *** (0.008)

	
0.043 *** (0.006)




	

	
Sigma e

	
0.026 *** (0.001)

	
0.021 *** (0.001)

	
0.020 *** (0.001)




	

	
N

	
270

	
270

	
270




	

	
LR

	
419.520

	
352.076

	
205.497




	

	
LLV

	
539.204

	
598.067

	
615.983








Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 8. Regional Regression Results.






Table 8. Regional Regression Results.





	Variables
	East
	Northeast
	Central
	West





	Labor input
	0.023 ** (0.009)
	0.062 *** (0.011)
	0.027 ** (0.012)
	0.024 *** (0.009)



	Capital input
	0.198 *** (0.064)
	0.189 *** (0.061)
	0.105 (0.090)
	−0.004 (0.055)



	Urbanization level
	0.405 ** (0.162)
	0.234 ** (0.111)
	−0.064 (0.158)
	0.002 (0.119)



	Industrial structure
	−1.790 *** (0.604)
	0.152 * (0.090)
	−0.261 ** (0.119)
	−0.289 *** (0.055)



	Environmental regulation
	0.016 *** (0.006)
	0.012 * (0.006)
	0.011 ** (0.005)
	0.010 ** (0.004)



	Market demand
	0.023 *** (0.008)
	0.005 (0.009)
	−0.016 (0.011)
	0.037 *** (0.013)



	Government support
	−0.387 *** (0.139)
	0.070 (0.093)
	0.735 *** (0.204)
	−0.033 (0.058)



	Investment in R&D
	0.005 (0.009)
	−0.052 *** (0.016)
	0.059 *** (0.013)
	0.026 * (0.014)



	_cons
	1.531 *** (0.506)
	−0.459 *** (0.157)
	0.184 (0.114)
	0.263 *** (0.092)



	N
	81
	27
	54
	108



	LLV
	180.404
	87.976
	139.210
	263.628







Standard errors in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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