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Abstract

:

Optimizing factor allocation is the premise of promoting high-quality development of agriculture. Based on the panel data of 31 provinces in China from 2004 to 2020, this paper examines the relationship between factor mismatch and high-quality agricultural development. We found that the high-quality development level of China’s agriculture shows a state of fluctuation and improvement, but the overall level is relatively low and the inter-provincial difference is expanding. Factor mismatch significantly inhibited the improvement of agricultural high-quality development, and the inhibition effect showed obvious temporal and spatial heterogeneity. We also found that the allocation of factors in extreme cases will lead to a 0.01% inter-provincial difference in the high-quality agricultural development. However, with the optimization and upgrading of the agricultural industrial structure and the improvement of the agricultural science and technology, the inhibitory effect of factor mismatch on high-quality agricultural development is constantly weakening. The above conclusion still holds after a series of robustness tests. The conclusions of this paper enrich the theoretical literature on the influencing factors of high-quality agricultural development, and provide an empirical reference for the policy maker of reducing factor mismatch and promoting high-quality agricultural development.
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1. Introduction


Agriculture is often deemed a national security priority by countries, for it not only provides food for human survival, but also provides a source of employment and rural development [1,2,3]. In particular, the importance of agricultural development to human society has been further highlighted with the continuous spread of COVID-19 and outbreak of armed conflicts in some regions [4,5,6]. China fed about 20% of the world’s population with just 7% of the global agricultural land [7]. However, this outstanding achievement has been partially overshadowed by agriculture-related large-scale environmental pollution [8], which means that the production mode of simply increasing factor input is not sustainable [9].



Given the resource endowment, the rational allocation of production factors is an important way to improve productivity and promote economic high-quality development [10,11]. With the change in residents’ food consumption structure [12], improvement of urbanization level [13], and gradual optimization of agricultural production layout and other external conditions, China’s agriculture is facing a time window from the pursuit of high yield to high quality [14]. Previous studies have proved that optimizing factor allocation is the prerequisite for promoting high-quality agricultural development [15]. However, production factors cannot flow freely and be allocated effectively in accordance with market rules, because regional market segmentation and factor market-oriented reform lag behind [16], leading to the factor mismatch problem in China’s agriculture for a long time [17,18].



In order to improve the efficiency of factor allocation, the Third Plenary Session of the 18th Communist Party of China (CPC) Central Committee proposed to allow the market to play a decisive role in resource allocation, and the 19th CPC National Congress further took market-oriented allocation of factors as one of the key points of economic system reform. After long-term efforts, China’s factor allocation efficiency has been significantly improved, but the factor mismatch problem still exists [19]. Therefore, eliminating the influence of factor mismatch on agricultural production has become one of the effective ways to promote high-quality agricultural development.



There are still some differences and debates on how to evaluate high-quality agricultural development, although the academic community has reached a consensus on its urgency and necessity. Some scholars hold that green total factor productivity not only incorporates environmental factors, but also reflects the technological progress and efficiency improvement in the process of economic development [20], and is a reasonable indicator to measure high-quality agricultural development [21]. For example, Wang et al. (2019) [14], using the SBM–ML index, found that the average annual growth rate of high-quality agricultural development in China was 3.1% from 2003 to 2016. Other scholars’ suggestion that high-quality development is multi-dimensional, and using a single indicator to describe it will lead to a deviation in empirical results [22]. Therefore, total factor productivity is not enough to comprehensively summarize the level of high-quality development [23], and a comprehensive evaluation system should be constructed. For example, guided by the new development concept, Ji (2021) [24], using the AHP–entropy method, found that China’s high-quality agricultural development presents a distribution characteristic of high in the east and low in the west.



By comparison, total factor productivity cannot accurately summarize the rich connotation of high-quality development because of its single index [22], while the comprehensive evaluation method can describe its characteristics relatively comprehensively through the selection of indicators [24]. As the focus of this paper is to grasp the basic characteristics of China’s high-quality agricultural development, the comprehensive evaluation method is taken to measure the agriculture high-quality development. In summary of previous research, this paper holds that high-quality agricultural development is an innovative, coordinated, green, open, and shared dynamic development under the guidance of new development concepts, and is aimed at meeting people’s growing needs for a better life [25].



The influence of factor mismatch on agricultural production has been a hot topic for a long time. In recent years, many literatures have demonstrated the loss of agricultural efficiency caused by factor mismatch, which can be divided into two parts according to the research perspectives.



The first is the single factor mismatch perspective. Scholars have discussed the influence of mismatch of traditional agricultural production factors such as labor [26,27], land [28,29], and capital [30,31], as well as modern production factors such as science and technology [32] and human capital [33], on agricultural production. It is generally believed that China’s agricultural sector has a long-term factor mismatch problem, which not only reduces agricultural total factor productivity, but also leads to a reduction in agricultural output. For example, Yuan and Xie (2011) [34] hold that, if labor misallocation can be effectively eliminated, China’s agricultural total factor productivity can be improved by at least 2%. Chari et al. (2021) [35] pointed out that the elimination of land mismatch could increase China’s land yield and productivity by 8% and 10%, respectively. Ma et al. (2018) [36] proved that human capital mismatch in the agricultural sector reduced agricultural output by 0.61%.



The second is the multi–factor mismatch perspective. Different from the above studies, the existing literature simultaneously brings two or more factors into the analysis framework to demonstrate their impact on agricultural production [37,38]. For example, based on the survey data of micro farmers, Zhu et al. (2011) [39] showed that eliminating the mismatch of capital and labor could increase China’s agricultural total factor productivity by more than 20% under the condition of locking technology. However, limited by the model, they failed to disentangle the separate effects of capital or labor mismatching on agricultural total factor productivity. Chen (2012) [40] pointed out that eliminating cross-sector mismatch of labor, capital, and land could increase China’s agricultural total factor productivity by 6–36%.



The purpose of this paper is to explore the influence of factor mismatch on the high-quality development of agriculture, further analyze the heterogeneity of factor mismatch on high-quality agricultural development, and study its action path, in order to provide an empirical reference for policy makers to reduce the factor mismatch and promote high-quality agricultural development. The above literature has laid a solid theoretical foundation for the development of this paper and provided beneficial inspiration, but there is still room for further improvement. Compared with previous studies, the marginal contribution of this article is mainly reflected in the following three aspects.



Firstly, we consider the substitution effect among factors. Existing literature focuses on the independent impact of single or multiple factors on agricultural production. However, it can be known from economic theory and practice that there exist mutual substitution effects among production factors [41]. Therefore, this paper constructed a mismatch model containing a substitution effect to more accurately describe the factor mismatch coefficient.



Secondly, we reveal the heterogeneity of factor mismatch on high-quality agricultural development. Previous studies mostly focused on the overall effect of factor mismatch on agricultural production [31,39]. This paper further analyzed the effect from the difference in factor allocation modes, geographical locations, and development levels, in order to test whether the influence of factor mismatch on agricultural high-quality development changes with different conditions.



Finally, we explored the mechanism of factor mismatch on high-quality agricultural development. The existing literature of factor mismatch on agricultural production focuses on the sources of factor mismatch [18], but there are relatively few studies concerning the channels through which factor mismatch affects high-quality agricultural development.



The rest of this paper is arranged as follows. Section 2 is the theoretical analysis and hypothesis. Section 3 is the research design. Section 4 is the empirical test, which mainly includes three aspects. Firstly, the status quo of high-quality agricultural development is described. Secondly, the influence of factor mismatch on high-quality agricultural development is tested. Finally, the mechanism of factor mismatch on high-quality agricultural development is revealed. Conclusions and policy recommendations are presented in Section 5.




2. Theoretical Analysis and Hypothesis Research


2.1. Factor Mismatch and High-Quality Agricultural Development


China’s factor market reform lags behind relatively [16], and the urban–rural dual structure is still prominent, leading to the widespread factor mismatch in China’s agricultural sector, which is highlighted by agricultural labor surplus and insufficient capital input [42]. Factor mismatch not only reduces agricultural total factor productivity, but also restrains the growth of agricultural output. Optimizing factor allocation is the premise to promote high-quality agricultural development [15]. In order to improve the allocation efficiency of production factor, the Third Plenary Session of the 18th CPC Central Committee proposed to let the market play a decisive role in resource allocation, changing the traditional mode of resource allocation in which the government played the leading role and the market played a basic role. Although it has promoted an improvement in factor allocation efficiency, there is still a huge space for factor reallocation in China’s economy [19]. Existing literature shows that, if factor mismatch can be effectively eliminated, China’s agricultural total factor productivity still has room for improvement of 6–36% [40]. On the other hand, under the dual constraints of the fiscal decentralization system and promotion system of local government officials, local protectionism adopted by local governments for economic competition causes serious market segmentation among regions, hinders the free flow of production factor, and leads to significant differences in factor mismatch [39]. Concurrently, owing to differences in natural resource endowment and agricultural development conditions, the level of high-quality agricultural development also shows obvious regional differences [24]. Therefore, the impact of factor mismatch on high-quality agricultural development may vary with the change in external conditions. Based on the above analysis, this paper proposes the following:



Hypothesis 1.

The impact of factor mismatch on high-quality agricultural development is heterogeneous.






2.2. Factor Mismatch, Industrial Structure Upgrade, and High-Quality Agricultural Development


Industrial structure upgrading is a key factor in promoting high-quality agricultural development. The optimization and upgrading of the agricultural industrial structure drive the continuous improvement in China’s agricultural green total factor productivity and significantly improve the overall development quality of agriculture [43]. With the improvement in a country’s economic development level, its industrial structure will be constantly be optimized and upgraded with the flow of production factors according to the Petty–Clark theorem. The essence of industrial structure adjustment is the flow and reconfiguration of production elements. However, because of regional market segmentation and factor mismatch caused by local protectionism, agricultural production factors cannot achieve free flow and effective allocation in accordance with market rules, thus inhibiting the optimization and upgrading of industrial structure, leading to the present agricultural industrial structure being far from meeting the requirements of high-quality agricultural development [44]. Cao and Lou (2012) [45] found that factor mismatch would hinder the transformation and upgrading of China’s economy by delaying the change in industrial structure. However, the existing literature does not pay enough attention to the application of this influence channel in agriculture. As China’s economy shifts from high-speed growth to high-quality development, the agricultural industry must keep pace with the economic development stage, otherwise it is difficult to truly achieve high-quality agricultural development. Based on the above analysis, this paper proposes the following:



Hypothesis 2.

Factor mismatch reduces the level of high-quality agricultural development by delaying the upgrading of industrial structure.






2.3. Factors Mismatch, Scientific and Technological Progress, and High-Quality Agricultural Development


Under the dual constraints of the fiscal decentralization system and promotion system of local government officials, in order to achieve specific economic goals, local governments will intervene in factor market and place production factors into productive projects with quick results and low risk. Such an intervention will lead to the failure of reasonable allocation of production factors in accordance with the market mechanism, resulting in factor mismatch, and then factor price distortion, which is highlighted by the underestimation of the price of capital, labor, land, and other factors [46], making the price unable to truly reflect the scarcity degree of factors. On the one hand, factor price distortion leads to the emergence of risk-free arbitrage space. Rational innovation subjects tend to seek their own development by competing for tangible factor resources, rather than carrying out high-investment and high-risk technological innovation activities. On the other hand, the underestimation of factor price will inhibit the initiative of innovative talents and is not conducive to the formation and cultivation of human capital, thus squeezing out technological innovation efficiency. Agricultural scientific and technological progress is an important way to realize the transformation from a big agricultural country to an agricultural power. High-quality agricultural development must also be technology-innovation-driven agriculture [47]. However, the situation of insufficient investment in science and technology, which has plagued China’s agricultural development for a long time, has not been fundamentally changed [48], which seriously restricts the improvement in the high-quality agricultural development level. Based on the above analysis, this paper proposes the following:



Hypothesis 3:

Factor mismatch inhibits the improvement in high-quality development of agriculture by reducing the innovation level of agricultural science and technology.







3. Model Construction, Variable Description, and Data Sources


3.1. Model Construction


This paper constructs the following econometric model to examine the influence of factor mismatch on high-quality agricultural development.


  H  q  i , t   = C +  β 1  ln F  m  i , t   +  β 2   X  i , t   +  μ i  +  γ t  +  ε  i , t    



(1)







In Formula (1), subscripts i and t represent province and year, respectively. C is the constant term, and μi and γt represent individual effect and time effect, respectively. εi,t is the random interference term, following normal distribution and not correlated with μi. β1 and β2 are the regression coefficients of the variables. Hq is the explained variable, representing the high-quality agricultural development level. Fm is the core explanatory variable, representing the factor mismatch of agriculture. X is a series of control variables, which will be elaborated in detail below.




3.2. Variable Description


3.2.1. Dependent Variable: High-Quality Agricultural Development


High-quality development has rich connotations, so the index system constructed in this paper cannot cover all aspects of it and reflect all of its contents. Considering the availability of data, some indicators have been appropriately abandoned during the construction of the indicator system, although they may have an impact on the high-quality development of agriculture. How to measure high-quality development is the key of this paper; the new development concept (innovation, coordination, green, openness, and sharing) proposed by the Fifth Plenum of the 18th Central Committee Communist Party of China is regarded as an effective criterion for evaluating high-quality development, and is generally recognized by the academic community [49,50]. Therefore, on the basis of an in-depth understanding of new development concepts and combining the existing achievements [22,24,25,49,50], this paper evaluates the high-quality development of agriculture from five dimensions of “innovation level, coordination level, green level, openness level, and sharing level”, and the specific indicators are shown in Table 1.



The entropy method is used to determine the weight coefficient of each index in the evaluation process of high-quality agricultural development. Compared with other methods, the entropy method uses information entropy to measure the variation degree of each index, avoiding the influence of human subjective factors and making the determination of weight more objective and scientific [51]. The calculation steps are as follows:




	
Data standardization processing: In order to eliminate the influence of data dimensional and order of magnitude differences on the calculation results and cause the indicators to have horizontal comparability and applicability, the original data need to be standardized. For positive and negative indicators, the standardized processing method is as follows:








Positive indicators:


   X  i j   =    x  i j   − min  (   x j   )    max  (   x j   )  − min  (   x j   )     



(2)







Negative indicators:


   X  i j   =   max  (   x j   )  −  x  i j     max  (   x j   )  − min  (   x j   )     



(3)




where Xij is the standardized index value; Xij represents the value of the j index in year i; and min (xj) and max (xj) are the minimum and maximum values of the j index, respectively.



	2.

	
Calculate the proportion of the j index in year i:









   Y  i j   =  x  i j   /   ∑   i = 1  m   x  i j    



(4)




where m is the number of years.



	3.

	
Calculate the information entropy of the j index:








      e j  = −  1  ln  ( m )      ∑   i = 1  m   Y  i j   l n  Y  i j     0 ≤ e j ≤ 1   



(5)





	4.

	
Calculate the redundancy of information entropy:








    d j  = 1 −  e j    



(6)





	5.

	
Calculate the weight of the indicator according to the information entropy redundancy:









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



(7)




where n represents the number of indicators.



	6.

	
After the index weight is obtained, the evaluation score of each index can be obtained according to the following formula:









   S  i j   =  w j   X  i j    



(8)




where Sij represents the evaluation score of the j index.



	7.

	
After obtaining the score of each index, the summary score of high-quality agricultural development can be obtained by summing up according to the following formula:









   S I  =   ∑   j = 1  n   S  i j    



(9)




where SI represents the comprehensive evaluation score of high-quality agricultural development in year i.




3.2.2. Independent Variable: Factor Misallocation


Referring to previous research results [52,53], agricultural production factors are divided into capital, labor, and land on the premise that land factor endowment remains unchanged [39]. It is assumed that the production function of each region satisfies the Cobb–Douglas (C–D) form. Based on the premise of profit maximization, Lagrange multiplication is used to calculate the relative mismatch coefficient of capital and labor. The details are as follows:


   γ  K i   =    (     K i   K   )   /   (     s i   β  K i      β K     )     



(10)






   γ  L i   =    (     L i   L   )   /   (     s i   β  L i      β L     )     



(11)







In Formulas (10) and (11), γKi and γLi represent the relative mismatch coefficients of capital and labor, respectively. Ki and Li are the agricultural capital stock and labor stock of region i, respectively, whereas K and L are the agricultural capital stock and labor stock of China, respectively. Si represents the proportion of agricultural output in region i to the whole country. Ki/K refers to the actual share of capital usage in region i to the whole country; SiβKi/βK refers to the theoretical share of capital usage in region i to the whole country when capital is effectively allocated. βKi and βLi are capital and labor elasticity in region i, respectively. βK and βL represent the national capital and labor elasticity, respectively. Based on the C–D production function with constant returns to scale, a variable coefficient panel model with variable intercept and slope is used to estimate the elastic coefficient. The output involved in the calculation process is the gross output value of agriculture, forestry, animal husbandry, and fishery (2004 constant price), and the input is the agricultural capital stock, labor stock, and crop sown area. Agricultural capital stock is measured using the perpetual inventory method and depreciated using the provincial depreciation rate [54]. The labor stock is the number of agricultural laborers in each region multiplied by the average years of education [55]. The sown area of crops is directly based on statistical yearbook data.



The above two formulas take the regional average level as a reference to measure the degree of capital misallocation and labor misallocation, ignoring the incomplete substitution between factors, and failing to reflect whether there is a capital mismatch relative to labor. Therefore, based on the method of Xu and Bai (2017) [56], the factor mismatch coefficient (Fm) is further constructed to reflect the degree of capital misallocation relative to labor:


  F m =  |     γ  K i      γ  L i     − 1  |   



(12)







In Formula (4), the larger the Fm, the more serious the capital misallocation relative to labor. If Fm is zero, there is no factor misallocation.




3.2.3. Other Variables


High-quality agricultural development is not only affected by region factor allocation, but also by other factors. Referring to previous studies, the following control variables were added into the econometric model.



Urbanization level (Urb). Modernization cannot be achieved without the coordinated development of urbanization and agricultural modernization. According to the theory of induced technological change, the transfer of the rural population to urban areas makes agricultural labor relatively scarce and induces an improvement in the mechanization level [57]. Then, the improvement in agricultural production efficiency is promoted, contributing to the realization of high-quality agricultural development. This paper adopts the proportion of the urban population at the end of the year to measure the level of urbanization.



Cultivated land quality (Lq). Improving the quality of cultivated land is an inevitable requirement for promoting high-quality agricultural development [58]. Agricultural output capacity is an important index to measure the quality of cultivated land, so the yield per unit area of grain is used as an index to measure the quality of cultivated land.



Disaster degree (Dis). Natural disasters aggravate the vulnerability of agricultural production. This paper uses the ratio of the area that has become a disaster to the area that has been affected by natural disasters to represent the degree of agricultural disaster. The larger the value, the greater the impact on the high-quality development of agriculture. The area that has become a disaster reflects the ability of each region to cope with natural disasters, and the area affected by disasters represents the impact of uncontrollable climatic factors on agricultural production.



Energy consumption (Ec). Energy consumption is the main source of agricultural carbon emissions [59]. Although it provides dynamic support for the high-quality development of agriculture, it brings a lot of agricultural pollution because of its low utilization efficiency. This paper chooses per capita energy consumption as a proxy index of energy consumption.



Industrial level (Ind). The improvement in the level of industrialization promotes the rapid development of petroleum agriculture and reduces the agricultural ecological efficiency [60], which has an impact on the high-quality development of agriculture. This paper adopts the proportion of the output value of the secondary industry to the regional GDP for measurement.



Economic development level (Pgdp). The economic development level is closely related to residents’ income, and the expansion of the regional economic scale will promote the improvement in residents’ income level. In recent years, China’s per capita GDP has been increasing. According to Maslow’s hierarchy of needs theory, residents’ demand for high-quality agricultural products increases with their income. This paper adopts per capita GDP to measure the regional economic development level [61].



Financial support for agriculture (Sup). Fiscal expenditure in agriculture is conducive to improving agricultural production conditions, promoting agricultural scientific and technological innovation, and improving agricultural productivity [62]. This paper uses the ratio of regional financial expenditure to total financial expenditure as a proxy index.



Soil and water conservation (Wl). Water and soil resource protection is the core of agricultural development [63]. The soil erosion control area is selected to represent the text.




3.2.4. Intermediary Variables


Industrial structure upgrade (Ts). Industrial structure changes with an improvement in the economic development level. The adjustment of agricultural industrial structure improves the efficiency of resource allocation and contributes to the promotion of high-quality agricultural development. According to the Petty–Clark theorem, this paper uses the proportion of agriculture, forestry, animal husbandry, and fishery services to measure the industrial structure upgrade.



Agricultural science and technology progress (Tech). Technological progress is an important factor to promote the high-quality development of agriculture. In recent years, the contribution rate of technological progress to China’s agricultural development has reached over 50% [64]. Referring to previous research results [65], the contribution rate of agricultural scientific and technological progress was used as a representation index of agricultural scientific and technological progress.





3.3. Data Sources


In this paper, 527 samples from 31 provinces in China (except Hong Kong, Macao, and Taiwan) from 2004 to 2020 were selected for analysis. The reason for taking 2004 as the starting point is that the Chinese government issued the first policy document supporting agricultural development in the 21st century in that year. It was also the starting point of China’s 19th consecutive increase in grain output, laying a solid foundation for the high-quality development of agriculture. All data in this paper are from China statistical yearbook (2005–2021), provincial statistical Yearbook and statistical bulletin of National Economic and Social Development. A few missing values are complemented by the linear interpolation method. Descriptive statistics of all variables are shown in Table 2. It can be seen that the mean values of most variables are greater than the standard deviation, indicating that the degree of data dispersion is not high, which can be analyzed in the next step.





4. Results’ Analysis


4.1. Dynamic Evolution Characteristics of High-Quality Agricultural Development


Figure 1 depicts the evolution characteristics of high-quality agricultural development in China using the kernel density map. By shifting the position of the curve to the left and right to reflect the level of high-quality agricultural development, curve kurtosis represents the divergence or polarization trend of high-quality agricultural development. The curve shape indicates the degree of convergence or diffusion of high-quality agricultural development. Firstly, the overall position of the curve fluctuates to the right from 2004 to 2020, indicating that the high-quality development of agriculture is constantly improving, but the development level of several observation periods after the sample years has declined. Secondly, the peak height decreased year by year from peak to wide peak, and the coverage area of the curve increased, indicating that the spatial difference of high-quality agricultural development in the sample period was expanding. Thirdly, the trailing of the curve fluctuates and shrinks on the right side, and the ductility of the distribution has a shrinking trend to some extent, indicating that the difference between provinces in the high-value region and the average level of high-quality agricultural development has narrowed. Finally, kernel density was experienced from the twin peaks to unimodal curve evolution, of which 2004 bimodal distribution is significant, but the height of the peak between the main and side gap is larger, and the year distribution curve of the left and right sides of the ductility reach the extreme value of all years, meaning that the polarization characteristics of high-quality agricultural development, but then the year is given priority with unimodal, it shows that the high-quality development of agriculture is changing from diffusion to convergence, and the polarization phenomenon is weakening. In conclusion, although the level of high-quality agricultural development is improving, the development level in most provinces is still low, and the spatial disparity is expanding.




4.2. Benchmark Regression


In this paper, we use a bidirectional fixed effect model that controls individual and time to estimate the benchmark model, and take the logarithm to eliminate the effect of heteroscedasticity for all absolute data. As this paper uses short panel data, the generalized least squares method cannot be used to solve the autocorrelation and cross-sectional correlation problems in the model. Therefore, the Driscol–Kraay standard deviation processing model, which can solve heteroscedasticity, autocorrelation, and cross-sectional correlation simultaneously, and is suitable for short panel data, is adopted. Table 3 reports the full-sample baseline regression results for the impact of factor mismatches on high-quality agricultural development. Column (1) is the regression result without the addition of control variables, which tests the direct impact of factor mismatch on the high-quality development of agriculture. The result shows that factor mismatch is significantly negative at the 1% level. Columns (2) to (5) are the regression results after gradually adding control variables. We found that the coefficient of factor mismatch was always significantly negative and passed the 1% significance level test; only the coefficient was different, indicating that factor mismatch could significantly inhibit the improvement in the high-quality agricultural development level. The research results, to some extent, support the theoretical analysis of Huang (2021) [47].



We use the results in column (5) for analysis, and the economic meaning of the factor mismatch regression coefficient of –0.026 is as follows: when other conditions remain unchanged, the factor mismatch degree increases by 1%, and the high-quality agricultural development score decreases by an average of 0.026% units. In other words, keeping other conditions unchanged, there is a difference of 0.026% units in the high-quality agricultural development score between the extremely distorted factor allocation and the extremely reasonable factor allocation. The average value of high-quality agricultural development is 0.33, and because of extreme differences in factor allocation, there will be a difference of 0.01% (0.33 × 0.026%) units in the score of high-quality agricultural development.



In terms of control variables, the regression coefficient of the urbanization level is significantly positive, indicating that the improvement in urbanization level has a positive impact on the high-quality development of agriculture. The rapid improvement in China’s urbanization level can lay a foundation for large-scale agricultural operation, improve the allocation of agricultural resources, and then promote the improvement of high-quality development of agriculture [66,67,68]. The regression coefficient of cultivated land quality is significantly negative. Long-term unreasonable land use has led to the continuous decline in cultivated land quality, hindering the high-quality development of agriculture [69,70]. The coefficient of the disaster rate is significantly negative, indicating that the occurrence of natural disasters in agriculture is not conducive to the high-quality development of agriculture. Per capita energy consumption has a significant negative effect on the high-quality development of agriculture, because the increase in energy consumption will reduce the green total factor productivity of agriculture, thereby inhibiting the steady improvement in high-quality agricultural development. The coordinated development level of industrialization and agricultural modernization in China is relatively low [71], which significantly inhibits the improvement in high-quality agricultural development. The coefficient of economic development level is significantly positive, and the enhancement of regional economic strength will help increase investment in agricultural science and technology and promote the high-quality development of agriculture. The coefficient on the level of fiscal support for agriculture is negative, but not significant. As food security has always been China’s strategic goal, the investment of fiscal support for agriculture has focused too much on the growth in agricultural quantity and neglected the improvement in quality [72]. The regression coefficient of soil and water conservation is positive, but not significant, indicating that increasing the protection of soil and water resources can effectively promote the improvement in the high-quality agricultural development level, but the current soil and water loss control area accounts for a small proportion of agricultural sown area, which fails to give full play to its promoting role.




4.3. Robustness and Endogenous Check


In order to ensure the robustness and reliability of the empirical results mentioned above, this paper mainly conducted robustness tests from changing the sample size, adjusting the sample period, and endogenous treatment, as shown in Table 4.



	(1)

	
Changing the sample size. In order to avoid the influence of extreme values on the regression results, 1% bilateral tail reduction was applied to all variables and the removed samples were re-estimated. The results are shown in Column (1) of Table 4. After the removal of extreme values, factor mismatch still has a significant inhibitory effect on high-quality agricultural development, which is consistent with the benchmark regression result.




	(2)

	
Adjusting the sample period. In 2006, the Agricultural Tax Regulations of the People’s Republic of China was formally abolished, which reduced the cost of agricultural production and operation and improved the international competitiveness of agricultural products [73]. To some extent, it has changed the external environment faced by agricultural development. Based on this, this paper selected samples after 2006 for re-regression; the results in Column (2) of Table 4 show that the regression coefficient of factor mismatch is significantly negative, which further indicates that the conclusion that factor mismatch inhibits high-quality agricultural development is robust.




	(3)

	
In order to avoid the model setting error and endogeneity problem of missing variables, this paper introduces the lagging term of explained variables. Two-step differential GMM and two-step system GMM estimation methods are used to deal with the endogeneity problems caused by the introduction of lag terms of explained variables. The results in columns (3) and (4) of Table 4 show that the residual term of the equation has first-order sequence correlation, but no second-order sequence correlation, indicating that the model’s set is reasonable. The Hansen overidentification test accepts the null hypothesis that tool variables are effective, indicating that the choice of tool variables is reasonable. After considering the dynamic effect of the model, the impact of factor mismatch on high-quality agricultural development still remains negative and significant. Moreover, high-quality agricultural development has significant “time inertia” and has certain path-dependent characteristics, that is, if the level of agricultural development is high in the current period, it may continue to be high in the next period, showing a certain “snowball effect”. At the same time, all explanatory variables lag one period to effectively avoid possible reverse causality. The results in Column (5) of Table 4 show that factor mismatch is significantly negative at 1% level, which is consistent with the benchmark regression results.







The results of several robustness tests show that the model has good explanatory power, and the direction of the core explanatory variable coefficients has good consistency; only the significance has changed, indicating that the main research conclusions of this paper have sound robustness.




4.4. Heterogeneity Analysis


The conclusions above indicate that there are significant regional differences in high-quality agricultural development, and regional market segmentation leads to different agricultural factors mismatch [18]. Therefore, only considering the average effect of national factor mismatch on agricultural high-quality development may lead to distortion and misjudgment. In view of this, the samples were grouped according to the difference in high-quality development level, geographical location heterogeneity, and factor allocation mode to test the robustness of the baseline regression results. The estimated results are shown in columns (1) to (7) of Table 5.



	(1)

	
Heterogeneity of development level. According to previous literature, optimizing factor allocation is the prerequisite for high-quality agricultural development [15]. Therefore, areas with possibly high development level are more affected by factor mismatch. Hence, according to the annual average of the high-quality agricultural development score, the study area is divided into two categories: high-level and low-level. If the score of high-quality agricultural development in an area exceeds the annual average, it is considered as a high-level area, otherwise it is considered as a low-level area. For details, see columns (1) and (2) in Table 5. The results show that, regardless of the level of development, factor mismatch has a significant negative impact on high-quality agricultural development, but it has a greater impact on high-quality agricultural development in high-level areas than in low-level areas.




	(2)

	
Geographical location heterogeneity. The previous literature generally believed that there were regional differences in high-quality agricultural development [24]. So, does the impact of factor mismatch on high-quality agricultural development vary with different regions? Therefore, this article divides 31 provinces in China into three regions: eastern, central, and western, for verification, as shown in columns (3) to (5) in Table 5. The results show that factor mismatch has a negative impact on high-quality agricultural development in different regions, but the impact on the western region is not significant. The reason may be that the factor mismatch degree in western China is relatively light, and the high-quality agricultural development in this region is mainly restricted by the regional natural resource endowment and economic development level [74], leading to the weakening of the marginal effect of factor mismatch.




	(3)

	
Heterogeneity of the factor allocation mode. In 2013, the Third Plenary Session of the 18th Central Committee of China proposed to allow the market to play a decisive role in resource allocation. This means that the allocation of factors is dominated by the government to give way to the market. The market-based allocation of factors improves the efficiency of resource allocation and alleviates the degree of factor mismatch, which is an effective way to promote high-quality economic development [11]. This paper divides the samples into two groups around 2013, and tests the relationship between factor mismatch and agricultural high-quality development before and after the market-oriented factor allocation. The specific regression results are shown in columns (6) and (7) of Table 5. The results show that factor mismatch has a significant inhibiting effect on the improvement in the high-quality agricultural development level before market allocation. After the market-oriented allocation, although the regression coefficient of factor mismatch does not have statistical significance, the absolute value of its coefficient decreases significantly, which indicates, to some extent, that the change in factor allocation mode improves the efficiency of resource allocation and alleviates the negative impact of factor mismatch on high-quality agricultural development.







Based on the above analysis, it can be seen that the impact of factor mismatch on high-quality agricultural development is different with the level of development quality, the change in geographical location, and the different modes of factor allocation. Thus, hypothesis 1 was verified.




4.5. Mechanism Test


Based on the above theoretical analysis, this paper holds that factor mismatch hinders the improvement in high-quality agricultural development by delaying the upgrading of industrial structure and reducing the level of agricultural science and technology. In order to effectively identify this transmission mechanism, the following recursive model is constructed to examine how industrial structure upgrading and agricultural science and technology progress play a role in the process of factor mismatch affecting high-quality agricultural development by referring to the mediation effect test method proposed by Baron and Kenny (1986) [75] and Wen and Ye (2014) [76].


  H  q  i , t   = C +  β 1  ln F  m  i , t   +  β 2   X  i , t   +  μ i  +  γ t  +  ε  i , t    



(13)






  M e  d  i , t   = C +  θ 1  ln F  m  i , t   +  θ 2   X  i , t   +  μ i  +  γ t  +  ε  i , t    



(14)






  H  q  i , t   = C +  φ 1  ln F  m  i , t   +  φ 2  M e  d  i , t   +  φ 3   X  i , t   +  μ i  +  γ t  +  ε  i , t    



(15)







Firstly, the benchmark model (13) was regressed to test the relationship between factor mismatch and high-quality agricultural development. If the β1 regression coefficient is significant, it means that, during the sample period, factor mismatch will have an impact on the high-quality development of agriculture, and if it is not significant, the test is stopped. Secondly, regression Equation (14) was performed to test the relationship between factor mismatch and mediating variables. If the θ2 regression coefficient is significant, it means that factor mismatch will have an impact on the mediating variable. Finally, regression is performed on Formula (15); if the coefficients of factor mismatch and mediating variable are both significant, and the coefficient φ1 < β1, this means that there is a partial mediation effect. If the coefficient φ1 is not significant, but the coefficient φ2 is significant, this means that there is a complete mediation effect.



Table 6 reports the test results of the mechanism of industrial structure upgrading and high-quality agricultural development. Among them, column (1) is the estimation result of the benchmark model (1), so it is the same as the regression result in column (5) of Table 3. Columns (2) and (3) are the estimated results of Formula (14) with industrial structure upgrading and agricultural science and technology progress as explained variables, respectively. From the results, we found that the regression coefficients of factor mismatch were all significantly negative, indicating that factor mismatches delayed the upgrading of the industrial structure and lowered the level of agricultural science and technology progress. On the one hand, factor mismatch prevents the rational flow and allocation of production factors in accordance with market rules, hindering the optimization and upgrading of the industrial structure. On the other hand, the arbitrage space formed by factor mismatch stimulates innovative subjects to use tangible factors and reduces the enthusiasm of innovative talents to carry out innovation activities. In turn, the factor mismatch has a negative effect on the comprehensive effect of industrial structure upgrading and agricultural science and technology progress.



Columns (4–6) further report the regression of factor mismatch and intermediary variables on high-quality agricultural development, that is, the results of Formula (15). The results show that, as expected, both mediating variables contributed to the improvement in the high-quality agricultural development level. In addition, compared with the benchmark regression results in column (1), after adding the intermediary variables industrial structure upgrade (column (4)) and agricultural science and technology progress (column (5)), respectively, the estimated coefficient of factor mismatch on high-quality agricultural development has declined to a certain extent, which preliminarily shows the existence of the intermediary effect of industrial structure upgrading and agricultural scientific and technological progress. Further, after adding the intermediary variables’ industrial structure upgrade and agricultural science and technology progress at the same time (column (6)); although the estimated coefficient of factor mismatch is not statistically significant, the value has further decreased, which means that the upgrading of industrial structure and the advancement in agricultural science and technology are important mechanisms for factor mismatch to inhibit the improvement in high-quality agricultural development. Therefore, hypotheses 2 and 3 are validated.





5. Conclusions


Optimizing factor allocation is the premise of promoting high-quality development of agriculture. Based on the panel data of 31 provinces in China from 2004 to 2020, this paper analyzes the impact of factor mismatch on high-quality agricultural development. The results show the following: (1) The level of high-quality agricultural development is constantly improving, but the development level of most provinces is still low, and the inter-provincial differences are expanding. (2) Factor mismatch has a significant negative impact on the level of high-quality agricultural development, and this effect has temporal and spatial heterogeneity. From the perspective of time heterogeneity, from 2004 to 2013, factor mismatch had a significant negative impact on high-quality agricultural development. However, from 2014 to 2020, as the market played a decisive role in resource allocation, the effect of factor mismatching on high-quality agricultural development was negative, but not significant. From the perspective of spatial heterogeneity, factor mismatch has a significant negative effect on high-quality agricultural development in eastern and central China, but not in western China. In addition, this paper also found that, the higher the level of high-quality development, the greater the impact of factor mismatch on it. (3) The mediating effect of mismatch factors on high-quality agricultural development is significant. With the optimization and upgrading of industrial structure and the improvement in the agricultural science and technology level, the negative impact of mismatched factors on high-quality agricultural development will be constantly weakened.



Based on the above research conclusions, this paper argues that (1) In view of the fact that the inter-provincial differences in high-quality agricultural development are expanding, provinces should formulate agricultural development policies according to their resource endowment and the reality of agricultural development. For regions with a high level of agricultural development, a replicable and popularized agricultural development model should be explored to provide a reference for agricultural development in other regions on the basis of maintaining the existing level of development. For regions with relatively low levels of agricultural development, it is necessary to learn the agricultural development models of regions with high levels of development on the basis of fully exploiting the endogenous power of local agricultural development, and combine the actual conditions of regional agricultural development to summarize a specific model for the high-quality development of local agriculture. (2) According to the temporal and spatial heterogeneity of factors mismatch affecting high-quality agricultural development. In areas with relatively high levels of agricultural development, such as the eastern and central regions, market segmentation should be further eliminated and free flow and optimal allocation of factors of production should be promoted in accordance with China’s specific opinions on market-oriented reform of factors of production and the actual conditions of the region. (3) Provinces should further strengthen their support for agricultural science and technology and improve the process of agricultural science and technology and promotion. At the same time, on the basis of ensuring national food security, combined with local agricultural development conditions, the optimization and upgrading of agricultural industrial structure should be further promoted, full play should be given to the weakening effect of agricultural scientific and technological progress and industrial structure adjustment on factor mismatch, and then the improvement in the high-quality agricultural development level should be promoted.



The limitation of this manuscript lies in the lack of statistical data, which makes it impossible for us to conduct an in-depth analysis of the research topic from the prefecture-level city or smaller spatial units. However, the analysis based on the provincial level does not affect the generality of the conclusions. In order for our research conclusions to have stronger policy reference value in future research, we plan to narrow the research scope to the main agricultural planting provinces in China or the main grain-producing areas in northeast China, so that we can obtain various data required for the research through field research, so as to more accurately analyze the impact of factor mismatch on high-quality agricultural development.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijerph19169804/s1, Table S1: Detailed explanation of the tertiary indicators; Table S2: Manuscript raw data.





Author Contributions


Conceptualization, H.C., Z.H. and S.Q.; methodology, software, data curation S.Q., H.W. and C.G.; writing—original draft preparation, S.Q.; writing—review and editing, S.Q. and H.W.; visualization, S.Q. and H.W.; supervision, H.C. and Z.H.; funding acquisition, H.C. and H.W. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Heilongjiang Provincial Academy of Social Sciences (21JYB149); Heilongjiang Provincial Federation of Social Sciences (21225); Ministry of Finance of the People’s Republic of China and Ministry of Education of the People’s Republic of China (2572022AW34).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


All data in the manuscript are from the statistical yearbook compiled by the National Bureau of Statistics of China (http://www.stats.gov.cn/, accessed on 15 February 2022). If the reader needs the data in the manuscript for academic research, please contact the author via email.




Acknowledgments


The authors thank the anonymous reviewers for reviewing the manuscript. Thanks for the funding support from the project funding unit and the technical support from Northeast Forestry University.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Reza Anik, A.; Rahman, S.; Sarker, J.R. Five Decades of Productivity and Efficiency Changes in World Agriculture (1969–2013). Agriculture 2020, 10, 200. [Google Scholar] [CrossRef]

	



Beckman, J.; Countryman, A.M. The Importance of Agriculture in the Economy: Impacts from COVID-19. Am. J. Agric. Econ. 2021, 103, 1595–1611. [Google Scholar] [CrossRef] [PubMed]

	



Liu, J.; Dong, C.; Liu, S.; Rahman, S.; Sriboonchitta, S. Sources of Total-Factor Productivity and Efficiency Changes in China’s Agriculture. Agriculture 2020, 10, 279. [Google Scholar] [CrossRef]

	



Torero, M. Without food, there can be no exit from the pandemic. Nature 2020, 580, 588–589. [Google Scholar] [CrossRef]

	



FAO. Impact of the COVID-19 Pandemic on Food Security and Food Systems. Available online: https://www.fao.org/3/nd059en/ND059EN.pdf (accessed on 16 April 2022).

	



IFPRI. From Bad to Worse: How Russia—Ukraine War—Related Export Restrictions Exacerbate Global Food Insecurity. Available online: https://www.ifpri.org/blog/bad–worse–how–export–restrictions–exacerbate–global–food–security (accessed on 16 April 2022).

	



Jiao, X.Q.; Mongol, N.; Zhang, F.S. The transformation of agriculture in China: Looking back and looking forward. J. Integr. Agric. 2018, 17, 755–764. [Google Scholar] [CrossRef]

	



Xu, J.; Zhang, Z.; Zhang, X.; Ishfaq, M.; Zhong, J.; Li, W.; Zhang, F.; Li, X. Green Food Development in China: Experiences and Challenges. Agriculture 2020, 10, 614. [Google Scholar] [CrossRef]

	



Wu, J.; Ge, Z.; Han, S.; Xing, L.; Zhu, M.; Zhang, J.; Liu, J. Impacts of agricultural industrial agglomeration on China’s agricultural energy efficiency: A spatial econometrics analysis. J. Clean. Prod. 2020, 260, 121011. [Google Scholar] [CrossRef]

	



Jin, L.; Mo, C.; Zhang, B.; Yu, B. What Is the Focus of Structural Reform in China?—Comparison of the Factor Misallocation Degree within the Manufacturing Industry with a Unified Model. Sustainability 2018, 10, 4051. [Google Scholar] [CrossRef]

	



Zhang, S.; Liu, Y.; Huang, D.H. Contribution of factor structure change to China’s economic growth: Evidence from the time–varying elastic production function model. Econ. Res.–Ekon. Istraživanja 2020, 33, 2919–2942. [Google Scholar] [CrossRef]

	



Qin, S.; Chen, H.; Wang, H. Spatial-Temporal Heterogeneity and Driving Factors of Rural Residents’ Food Consumption Carbon Emissions in China—Based on an ESDA–GWR Model. Sustainability 2021, 13, 12419. [Google Scholar] [CrossRef]

	



Worldbank. Available online: https://data.worldbank.org.cn/indicator/SP.URB.TOTL.IN.ZS?view=chart&locations=CN (accessed on 16 April 2022).

	



Wang, Y.; Xie, L.; Zhang, Y.; Wang, C.; Yu, K. Does FDI Promote or Inhibit the High-Quality Development of Agriculture in China? An Agricultural GTFP Perspective. Sustainability 2019, 11, 4620. [Google Scholar] [CrossRef]

	



Yang, J.L.; Zheng, W.L.; Xing, J.Y.; Jin, W.W. Digital Technology Empowers High-Quality Agricultural Development. Shanghai Econ. Res. 2021, 40, 81–90. [Google Scholar]

	



Yang, M.; Yang, F.; Sun, C. Factor market distortion correction, resource reallocation and potential productivity gains: An empirical study on China’s heavy industry sector. Energy Econ. 2018, 69, 270–279. [Google Scholar] [CrossRef]

	



Qin, S.; Chen, H.; Tran, T.T.; Wang, H. Analysis of the Spatial Effect of Capital Misallocation on Agricultural Output—Taking the Main Grain Producing Areas in Northeast China as an Example. Sustainability 2022, 14, 5782. [Google Scholar] [CrossRef]

	



Han, H.; Li, H.; Zhao, L. Determinants of Factor Misallocation in Agricultural Production and Implications for Agricultural Supply-side Reform in China. China World Econ. 2018, 26, 22–42. [Google Scholar] [CrossRef]

	



Cai, F. Productivity, New Dynamics and Manufacturing: How to Improve the Efficiency of Resource Reallocation in China’s Economy. China Ind. Econ. 2021, 39, 5–18. [Google Scholar]

	



Xia, F.; Xu, J. Green total factor productivity: A re-examination of quality of growth for provinces in China. China Econ. Rev. 2020, 62, 101454. [Google Scholar] [CrossRef]

	



Zeng, S.; Shu, X.; Ye, W. Total Factor Productivity and High-Quality Economic Development: A Theoretical and Empirical Analysis of the Yangtze River Economic Belt, China. Int. J. Environ. Res. Public Health 2022, 19, 2783. [Google Scholar] [CrossRef]

	



Chen, M.; Wang, H. Import technology sophistication and high-quality economic development: Evidence from city-level data of China. Econ. Res.–Ekon. Istraživanja 2021, 34, 1106–1141. [Google Scholar] [CrossRef]

	



Li, X.; Lu, Y.; Huang, R. Whether foreign direct investment can promote high-quality economic development under environmental regulation: Evidence from the Yangtze River Economic Belt, China. Environ. Sci. Pollut. Res. 2021, 28, 21674–21683. [Google Scholar] [CrossRef]

	



Ji, Z.H. Spatial Differences and Driving Mechanisms of High-Quality Development of Agriculture and Rural Areas in China. Res. Quant. Econ. Tech. Econ. 2021, 38, 25–44. [Google Scholar]

	



Yu, T.; Yu, F.W. Evaluation of agricultural high-quality development based on entropy weight TOPSIS method and diagnosis of obstacle factors. Yunnan Soc. Sci. 2021, 41, 76–83. [Google Scholar]

	



Bai, P.; Phillips, A. Labour misallocation in China: 1980–2010. Appl. Econ. 2015, 48, 2321–2332. [Google Scholar] [CrossRef]

	



Dower, P.C.; Markevich, A. Labor Misallocation and Mass Mobilization: Russian Agriculture during the Great War. Rev. Econ. Stat. 2018, 100, 245–259. [Google Scholar] [CrossRef]

	



Ma, A.; He, Y.; Tang, P. Understanding the Impact of Land Resource Misallocation on Carbon Emissions in China. Land 2021, 10, 1188. [Google Scholar] [CrossRef]

	



Gao, X.W.; Shi, X.J.; Fang, S.L. Property rights and misallocation: Evidence from land certification in China. World Dev. 2021, 147, 105632. [Google Scholar] [CrossRef]

	



Guan, Z.; Kumbhakar, S.C.; Myers, R.J.; Lansink, A.O. Measuring Excess Capital Capacity in Agricultural Production. Am. J. Agric. Econ. 2009, 91, 765–776. [Google Scholar] [CrossRef]

	



Skevas, T.; Wu, F.; Guan, Z. Farm Capital Investment and Deviations from the Optimal Path. J. Agric. Econ. 2018, 69, 561–577. [Google Scholar] [CrossRef]

	



Yang, C.X.; Wang, X.M. Research on Misallocation of Agricultural Science and Technology Resources and Total Factor Productivity. Sci. Technol. Manag. Res. 2020, 40, 74–81. [Google Scholar]

	



Chen, Y.A. Misallocation of human capital and productivity: Evidence from China. Econ. Res.–Ekon. Istraživanja 2019, 32, 3348–3365. [Google Scholar]

	



Yuan, Z.G.; Xie, D.D. Analysis on the Influence of China’s Labor Mismatch on TFP. Econ. Res. 2011, 46, 4–17. [Google Scholar]

	



Chari, A.; Liu, E.M.; Wang, S.Y.; Wang, Y.X. Property Rights, Land Misallocation and Agricultural Efficiency in China. Rev. Econ. Stud. 2021, 88, 1831–1862. [Google Scholar] [CrossRef]

	



Ma, Y.; He, Q.; Li, J. Misallocation of human capital among industries and its impact on output. China Ind. Econ. 2018, 36, 5–23. [Google Scholar]

	



Adamopoulos, T.; Restuccia, D. The Size Distribution of Farms and International Productivity Differences. Am. Econ. Rev. 2014, 104, 1667–1697. [Google Scholar] [CrossRef]

	



Stephen, A.; Brandt, L.; Restuccia, D. Market constraints, misallocation, and productivity in Vietnam agriculture. Food Policy 2020, 94, 101840. [Google Scholar]

	



Zhu, X.; Shi, Q.H.; Gai, Q.E. Factor Allocation Distortion and Agricultural Total Factor Productivity. Econ. Res. 2011, 46, 86–98. [Google Scholar]

	



Chen, X.B. Resource Allocation, Total Factor Productivity and Vision of Agricultural Economic Growth. Reform 2012, 25, 82–90. [Google Scholar]

	



Caunedo, J.; Keller, E. Capital Obsolescence and Agricultural Productivity. Q. J. Econ. 2021, 136, 505–561. [Google Scholar] [CrossRef]

	



Wang, S.J.; Li, Y.R.; Su, H.Y. Analysis of Time Series Changes and Spatial Differences in the Allocation of Urban and Rural Factors in China. China Soft Sci. 2021, 37, 84–93. [Google Scholar]

	



Jin, F.; Jin, R.X. Analysis of Spatial Effect of Agricultural Industrial Structure Change on Green Total Factor Productivity Growth. J. Huazhong Agric. Univ. (Soc. Sci. Ed.) 2020, 40, 124–134. [Google Scholar]

	



Tu, S.W. The root cause and reform focus of my country’s agricultural supply structure imbalance. Economics 2016, 32, 108–113. [Google Scholar]

	



Cao, Y.S.; Lou, D.W. Resource Misallocation, Structural Change and China’s Economic Transformation. China Ind. Econ. 2012, 30, 5–18. [Google Scholar]

	



Li, P.; Ji, Y.B. Does factor price distortion inhibit my country’s independent innovation? World Econ. Res. 2014, 33, 10–15. [Google Scholar]

	



Huang, Z.H. Leading the high-quality development of agriculture with new development concepts. Rural. Work. Newsl. 2021, 66, 38–40. [Google Scholar]

	



Wei, H.K. The Structural Contradiction of China’s Agricultural Development and Its Policy Transformation. China Rural. Econ. 2017, 33, 2–17. [Google Scholar]

	



Hua, X.; Lv, H.; Jin, X. Research on High-Quality Development Efficiency and Total Factor Productivity of Regional Economies in China. Sustainability 2021, 13, 8287. [Google Scholar] [CrossRef]

	



Du, J.; Zhang, J.; Li, X. What Is the Mechanism of Resource Dependence and High-Quality Economic Development? An Empirical Test from China. Sustainability 2020, 12, 8144. [Google Scholar] [CrossRef]

	



Li, S.; Ying, Z.X.; Zhang, H.; Ge, G.; Liu, Q.J. Comprehensive Assessment of Urbanization Coordination: A Case Study of Jiangxi Province, China. Chin. Geogr. Sci. 2019, 29, 128–142. [Google Scholar] [CrossRef]

	



Aoki, S. A simple accounting framework for the effect of resource misallocation on aggregate productivity. J. Jpn. Int. Econ. 2012, 26, 473–494. [Google Scholar] [CrossRef]

	



Chen, Y.W.; Hu, W.M. Price Distortion, Factor Mismatch and Efficiency Loss: Theory and Application. Economics (Q.) 2011, 10, 1401–1422. [Google Scholar]

	



Zong, Z.L.; Liao, Z.D. Re-estimation of China’s inter-provincial capital stock of three industries: 1978—2011. J. Guizhou Univ. Financ. Econ. 2014, 32, 8–16. [Google Scholar]

	



Peng, G.H. China’s Regional Income Gap, Total Factor Productivity and Its Convergence Analysis. Econ. Res. 2005, 51, 19–29. [Google Scholar]

	



Xu, J.; Bai, P.W. The mystery of the evolution of China’s return on capital. China Ind. Econ. 2017, 35, 43–61. [Google Scholar]

	



Hayami, Y.; Ruttan, V.W. Agricultural Development: An International Perspective. Econ. Dev. Cult. Chang. 1985, 82, 123–141. [Google Scholar]

	



Xu, M.G.; Lu, C.G.; Zhang, W.J.; Li, L.; Duan, Y.H. The quality of cultivated land in my country and its improvement countermeasures. China Agric. Resour. Zoning 2016, 37, 8–14. [Google Scholar]

	



Zhang, G.S.; Wang, S.S. The Structure, Efficiency and Determining Mechanism of China’s Agricultural Carbon Emissions. Agric. Econ. Issues 2014, 35, 18–26. [Google Scholar]

	



Wang, B.Y.; Zhang, W.G. Inter-provincial differences and influencing factors of China’s agricultural ecological efficiency: Based on panel data analysis of 31 provinces from 1996 to 2015. China Rural. Econ. 2018, 34, 46–62. [Google Scholar]

	



Yu, H.; Gai, Z.; Wu, H. How do resource misallocation and government corruption affect green total factor energy efficiency? Evidence from China. Energy Policy 2020, 143, 111562. [Google Scholar]

	



Cai, J.; Li, X.; Liu, L.; Chen, Y.Z.; Wang, X.W.; Lu, S.H. Coupling and coordinated development of new urbanization and agro–ecological environment in China. Sci. Total Environ. 2021, 776, 145837. [Google Scholar] [CrossRef]

	



Yu, F.W. Research on the motivation, core and countermeasures of agricultural green development in the new era. China Rural. Econ. 2018, 34, 19–34. [Google Scholar]

	



Gao, M.; Song, H.Y. Spatial Convergence of Technical Efficiency of Grain Production and Differences in Functional Areas—Also on the Spatial Ripple Effect of Technological Diffusion. Manag. World 2014, 30, 83–92. [Google Scholar]

	



Yang, X.Y.; Qiao, C.X. Spatial Difference and Convergence of Agricultural Industrial Structure Optimization and Upgrading. J. South China Agric. Univ. (Soc. Sci. Ed.) 2022, 21, 67–80. [Google Scholar]

	



Wang, S.; Bai, X.; Zhang, X.; Reis, S.; Chen, D.L.; Xu, J.M.; Gu, B.J. Urbanization can benefit agricultural production with large-scale farming in China. Nat. Food 2021, 2, 183–191. [Google Scholar] [CrossRef]

	



Wu, X.X.; Ge, P.F.; Xu, Z.Y. Urbanization and Agricultural Total Factor Productivity Improvement: Heterogeneity and Spatial Effects. China Population. Resour. Environ. 2019, 29, 149–156. [Google Scholar]

	



Li, J.; Chen, J.; Liu, H. Sustainable Agricultural Total Factor Productivity and Its Spatial Relationship with Urbanization in China. Sustainability 2021, 13, 6773. [Google Scholar] [CrossRef]

	



Fan, M.; Shen, J.; Yuan, L.; Jiang, R.F.; Chen, X.P.; Davies, W.J.; Zhang, F.S. Improving crop productivity and resource use efficiency to ensure food security and environmental quality in China. J. Exp. Bot. 2012, 63, 13–24. [Google Scholar] [CrossRef]

	



Liu, X.; Shi, L.J.; Qian, H.Y.; Sun, S.K.; Wu, P.T.; Zhao, X.N.; Engel, B.A.; Wang, Y.B. New problems of food security in Northwest China: A sustainability perspective. Land Degrad. Dev. 2019, 31, 975–989. [Google Scholar] [CrossRef]

	



Hu, Z.Q.; Zhu, D.X.; Hou, L.W.; Wang, D.Y. Discussion on Realizing the Coordinated Development of my country’s Industrialization and Agricultural Modernization—Based on the Comparison of the Three Factors of Production. Agric. Econ. Issues 2016, 37, 74–81. [Google Scholar]

	



Jin, F.; Jin, R.X. Analysis of Spatial Effect of Fiscal Supporting Agriculture Affecting the Change of Agricultural Industrial Structure. Res. Financ. Issues 2020, 42, 82–91. [Google Scholar]

	



Zhu, J.; Chen, J.Q. Analysis on the Influence of Tax and Fee Reform on the Competitiveness of my country’s Main Grain Products. China Rural. Econ. 2005, 21, 65–71. [Google Scholar]

	



Xin, L.; An, X.N. Construction and measurement analysis of my country’s agricultural high-quality development evaluation system. Economics 2019, 35, 109–118. [Google Scholar]

	



Baron, R.M.; Kenny, D.A. The moderator-mediator variable distinction in social psychological research: Conceptual, strategic, and statistical considerations. Chapman Hall 1986, 51, 1173–1182. [Google Scholar] [CrossRef]

	



Wen, Z.L.; Ye, B.J. Analysis of Mediating Effect: Method and Model Development. Adv. Psychol. Sci. 2014, 22, 731–745. [Google Scholar] [CrossRef]








[image: Ijerph 19 09804 g001 550] 





Figure 1. Kernel density of high-quality agricultural development from 2004 to 2020. 
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Table 1. Evaluation the index system of high-quality agricultural development.
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Primary Indexes

	
Secondary Indexes

	
Tertiary Indexes (Property)






	
Innovation level

	
Innovation base

	
A1: Proportion of agricultural science and technology personnel (+)




	
A2: Proportion of investment in agricultural research (+)




	
A3: Proportion of agricultural science and technology institutions (+)




	
Innovation output

	
A4: Proportion of agricultural patents granted (+)




	
A5: Agricultural labor productivity (+)




	
A6: Agricultural land productivity (+)




	
Coordination level

	
Industrial coordination

	
B1: Proportion of rural non–farm employment (+)




	
B2: Industrial structure adjustment index (+)




	
Urban and rural coordination

	
B3: Binary contrast coefficient (+)




	
Green level

	
Resource utilization

	
C1: Water–saving irrigation area intensity (+)




	
C2: Fertilizer utilization intensity (–)




	
C3: Pesticide utilization intensity (–)




	
C4: Agricultural film utilization intensity (–)




	
C5: Agricultural water consumption (–)




	
C6: Agricultural electricity consumption (–)




	
Environmental impact

	
C7: Agricultural carbon intensity (–)




	
C8: Agricultural non-point source pollution (–)




	
Open level

	
Foreign trade

	
D1: Foreign trade dependence of agricultural products (+)




	
Foreign investment

	
D2: Intensity of foreign investment utilization in agriculture (+)




	
Sharing level

	
Welfare sharing

	
E1: Education level (+)




	
E2: Public health level (+)




	
Benefit sharing

	
E3: Urban–rural income ratio (–)




	
E4: Urban–rural consumption ratio (–)




	
E5: Engel coefficient (–)








Note: the detailed explanation of the tertiary indicators is placed in Table S1 in Supplementary Materials.
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Table 2. Descriptive statistics.
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Variable Types

	
Variable Name

	
Obs.

	
Mean

	
S.D.

	
Min

	
Max






	
Dependent variable

	
High-quality agricultural development

	
527

	
0.33

	
0.10

	
0.18

	
0.74




	
Independent variable

	
factor misallocation

	
527

	
1.59

	
2.31

	
0.00

	
12.91




	
Intermediary variable

	
Industrial structure upgrade

	
527

	
0.04

	
0.02

	
0.01

	
0.11




	

	
Agricultural science and technology progress

	
527

	
0.32

	
0.14

	
0.07

	
0.78




	
Other variable

	
Urbanization level

	
527

	
0.52

	
0.16

	
0.16

	
0.90




	
Cultivated land quality

	
527

	
5561.67

	
945.36

	
3214.76

	
8214.00




	
Disaster degree

	
527

	
0.48

	
0.16

	
0.00

	
0.90




	
Energy consumption

	
527

	
3.37

	
1.76

	
0.86

	
11.00




	
Industrial level

	
527

	
0.45

	
0.09

	
0.16

	
0.66




	
Economic development level

	
527

	
31,307.35

	
19,448.86

	
4317.00

	
117,139.00




	
Financial support for agriculture

	
527

	
0.10

	
0.03

	
0.02

	
0.20




	
Soil and water conservation

	
527

	
3565.67

	
2915.58

	
15.22

	
14,625.00
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Table 3. Benchmark regression results.






Table 3. Benchmark regression results.





	
Variable

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)






	
Fm

	
–0.029 ***

	
–0.024 ***

	
–0.026 ***

	
–0.026 ***

	
–0.026 ***




	
(−3.949)

	
(−2.690)

	
(−3.364)

	
(−3.068)

	
(−3.303)




	
Urb

	

	
0.109 *

	
0.132 *

	
0.109 *

	
0.109 *




	
(1.735)

	
(2.010)

	
(1.784)

	
(1.787)




	
Lq

	
–0.051 ***

	
–0.055 ***

	
–0.053 ***

	
–0.046 ***




	
(−2.870)

	
(−3.188)

	
(−3.033)

	
(−2.919)




	
Dis

	

	
–0.014 *

	
–0.015 **

	
–0.016 **




	
(−2.021)

	
(−2.134)

	
(−2.106)




	
Ec

	
–0.028 ***

	
–0.028 ***

	
–0.030 ***




	
(−2.848)

	
(−3.327)

	
(−3.249)




	
Ind

	

	
–0.075 *

	
–0.088 ***




	
(−1.967)

	
(−2.959)




	
Pgdp

	
0.030 **

	
0.029 **




	
(2.321)

	
(2.343)




	
Sup

	

	
–0.087




	
(−1.123)




	
Wl

	
0.004




	
(1.452)




	
C

	
0.324 ***

	
0.723 ***

	
0.772 ***

	
0.520 ***

	
0.447 **




	
(77.424)

	
(5.194)

	
(5.929)

	
(2.730)

	
(2.541)




	
Province

	
YES

	
YES

	
YES

	
YES

	
YES




	
Year

	
YES

	
YES

	
YES

	
YES

	
YES




	
R2

	
0.3021

	
0.3309

	
0.3512

	
0.3601

	
0.3647




	
N

	
527

	
527

	
527

	
527

	
527








Note: * p < 0.1, ** p < 0.05, *** p < 0.01, t values in parentheses.
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Table 4. Robustness check results.






Table 4. Robustness check results.





	
Variable

	
Robustness Check

	
Endogenous Check




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)






	
L.Hq

	

	

	
0.460 **

	
0.978 ***

	




	
(2.192)

	
(23.564)




	
Fm

	
−0.025 ***

	
−0.015 ***

	
–0.019 *

	
–0.004 **

	
–0.015 ***




	
(−3.156)

	
(−3.246)

	
(–1.708)

	
(–2.386)

	
(–3.226)




	
Urb

	
0.094

	
0.353 ***

	
0.367 ***

	
0.035

	
0.183 ***




	
(1.541)

	
(6.202)

	
(2.772)

	
(1.154)

	
(5.551)




	
Lq

	
−0.039 **

	
−0.044 ***

	
–0.007

	
–0.001

	
–0.064 ***




	
(−2.714)

	
(−3.081)

	
(–0.221)

	
(–0.071)

	
(–3.332)




	
Dis

	
−0.015 **

	
−0.016 ***

	
–0.003

	
–0.002

	
–0.019 ***




	
(−2.085)

	
(−3.564)

	
(–0.577)

	
(–0.299)

	
(–2.645)




	
Ec

	
−0.041 ***

	
−0.037 ***

	
0.008

	
–0.001

	
–0.023 **




	
(−5.149)

	
(−3.131)

	
(0.384)

	
(–0.185)

	
(–2.012)




	
Ind

	
−0.091 **

	
−0.017

	
–0.001

	
0.018

	
–0.108 ***




	
(−2.516)

	
(−0.855)

	
(–0.010)

	
(0.635)

	
(–3.072)




	
Pgdp

	
0.036 ***

	
0.009

	
–0.037 *

	
–0.006

	
0.038 ***




	
(2.751)

	
(0.901)

	
(–1.761)

	
(–0.271)

	
(2.834)




	
Sup

	
−0.099

	
−0.173 ***

	
0.095

	
0.008

	
–0.041




	
(−1.390)

	
(−3.951)

	
(1.134)

	
(0.089)

	
(–0.599)




	
Wl

	
0.007 **

	
0.005 *

	
–0.004

	
–0.001

	
0.006 *




	
(2.377)

	
(1.721)

	
(–0.850)

	
(–0.733)

	
(1.778)




	
C

	
0.311 *

	
0.268 *

	

	

	
0.479 **




	
(1.787)

	
(1.832)

	
(2.286)




	
Province

	
YES

	
YES

	
YES

	
YES

	
YES




	
Year

	
YES

	
YES

	
YES

	
YES

	
YES




	
AR(1)

	

	

	
0.036

	
0.010

	




	
AR(2)

	
0.903

	
0.949




	
Hansen

	
0.694

	
0.897




	
R2

	
0.3723

	
0.2944

	

	

	
0.285




	
N

	
527

	
465

	
434

	
465

	
496








Note: * p < 0.1, ** p < 0.05, *** p < 0.01, t values in parentheses.
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Table 5. Heterogeneity test results.






Table 5. Heterogeneity test results.





	
Variable

	
Development Level

	
Geographical Location

	
Factor Allocation mode




	
Low-Level

	
High-Level

	
East

	
Central

	
West

	
Government

	
Market




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)






	
Fm

	
−0.018 **

	
−0.034 ***

	
−0.030 **

	
−0.105 ***

	
−0.007

	
−0.028 ***

	
−0.012




	
(−2.559)

	
(−4.718)

	
(−2.415)

	
(−7.271)

	
(−0.888)

	
(−3.395)

	
(−0.878)




	
Urb

	
0.076 **

	
0.169 ***

	
0.143

	
0.003

	
−0.005

	
0.033

	
0.540 ***




	
(2.561)

	
(3.008)

	
(1.587)

	
(0.047)

	
(−0.229)

	
(0.956)

	
(7.980)




	
Lq

	
−0.018

	
−0.100 **

	
−0.144 **

	
0.039

	
−0.023 *

	
−0.003

	
−0.061 ***




	
(−1.456)

	
(−2.506)

	
(−2.985)

	
(1.161)

	
(−2.108)

	
(−0.105)

	
(−4.660)




	
Dis

	
−0.015 *

	
−0.011

	
−0.019 **

	
0.001

	
−0.033 **

	
−0.034 ***

	
−0.015 ***




	
(−1.756)

	
(−0.948)

	
(−2.928)

	
(0.194)

	
(−2.967)

	
(−2.806)

	
(−6.735)




	
Ec

	
−0.020 **

	
−0.003

	
0.031

	
−0.018

	
−0.030 **

	
0.002

	
0.027 **




	
(−2.243)

	
(−0.118)

	
(1.044)

	
(−0.733)

	
(−2.396)

	
(0.168)

	
(2.088)




	
Ind

	
0.006

	
−0.219 ***

	
−0.109

	
0.017

	
−0.002

	
−0.145 ***

	
0.063 *




	
(0.177)

	
(−3.369)

	
(−0.639)

	
(0.544)

	
(−0.057)

	
(−3.827)

	
(1.900)




	
Pgdp

	
0.042 ***

	
0.009

	
−0.028

	
0.008

	
0.038 ***

	
−0.037 ***

	
−0.026 **




	
(5.630)

	
(0.338)

	
(−0.935)

	
(0.296)

	
(3.395)

	
(−2.804)

	
(−2.351)




	
Sup

	
−0.116

	
−0.008

	
−0.092

	
−0.176

	
−0.041

	
0.021

	
−0.192 ***




	
(−1.116)

	
(−0.054)

	
(−0.692)

	
(−1.120)

	
(−0.301)

	
(0.298)

	
(−3.477)




	
Wl

	
−0.002

	
0.032 ***

	
0.028 ***

	
0.006

	
0.002

	
−0.005

	
0.037 ***




	
(−0.683)

	
(3.832)

	
(3.350)

	
(1.025)

	
(0.686)

	
(−0.783)

	
(6.019)




	
C

	
0.047

	
0.982 **

	
1.730 ***

	
−0.140

	
0.129

	
0.795 **

	
0.467




	
(0.348)

	
(2.244)

	
(4.254)

	
(−0.303)

	
(0.898)

	
(2.723)

	
(1.534)




	
Province

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Year

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
R2

	
0.5678

	
0.434

	
0.5326

	
0.7090

	
0.4374

	
0.4620

	
0.4103




	
N

	
200

	
327

	
187

	
136

	
204

	
279

	
248








Note: * p < 0.1, ** p < 0.05, *** p < 0.01, t values in parentheses.
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Table 6. Mechanism test results.






Table 6. Mechanism test results.





	
Variable

	
Hq

	
Ts

	
Tech

	
Hq

	
Hq

	
Hq




	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)






	
Fm

	
–0.026 ***

	
−0.015 ***

	
−0.048 ***

	
−0.020 ***

	
−0.013 **

	
−0.006




	
(−3.303)

	
(−4.606]

	
(−3.771)

	
(−3.468)

	
(−2.127)

	
(−1.141)




	
Ts

	

	

	

	
0.410 ***

	

	
0.474 ***




	

	

	

	
(5.015)

	

	
(10.728)




	
Tech

	

	

	

	

	
0.272 ***

	
0.276 ***




	

	

	

	

	
(10.945)

	
(12.756)




	
Urb

	
0.109 *

	
−0.011 *

	
0.354 ***

	
0.114 *

	
0.013

	
0.016




	
(1.787)

	
(−1.741)

	
(3.477)

	
(1.906)

	
(0.307)

	
(0.420)




	
Lq

	
–0.046 ***

	
0.005

	
−0.061 *

	
−0.048 ***

	
−0.03

	
−0.032




	
(−2.919)

	
(0.570)

	
(−1.796)

	
(−3.064)

	
(−1.451)

	
(−1.685)




	
Dis

	
–0.016 **

	
−0.005 *

	
−0.033 *

	
−0.014 *

	
−0.007

	
−0.004




	
(−2.106)

	
(−1.871)

	
(−1.744)

	
(−2.034)

	
(−1.295)

	
(−0.912)




	
Ec

	
–0.030 ***

	
−0.006

	
0.039

	
−0.028 ***

	
−0.041 ***

	
−0.038 ***




	
(−3.249)

	
(−1.268)

	
(1.060)

	
(−3.126)

	
(−3.702)

	
(−3.689)




	
Ind

	
–0.088 ***

	
0.015

	
−0.477 ***

	
−0.094 ***

	
0.041 **

	
0.036 **




	
(−2.959)

	
(0.998)

	
(−7.063)

	
(−3.127)

	
(2.488)

	
(2.658)




	
Pgdp

	
0.029 **

	
0.009

	
0.075 ***

	
0.025 **

	
0.009

	
0.004




	
(2.343)

	
(0.943)

	
(3.436)

	
(2.178)

	
(0.962)

	
(0.496)




	
Sup

	
–0.087

	
0.017

	
−0.074

	
−0.094

	
−0.067

	
−0.075




	
(−1.123)

	
(0.318)

	
(−0.269)

	
(−1.323)

	
(−1.403)

	
(−1.674)




	
Wl

	
0.004

	
−0.006 ***

	
0.01

	
0.007 **

	
0.002

	
0.004 **




	
(1.452)

	
(−3.280)

	
(1.506)

	
(2.748)

	
(0.750)

	
(2.720)




	
C

	
0.447 **

	
−0.054

	
0.143

	
0.469 ***

	
0.408 *

	
0.433 **




	
(2.541)

	
(−0.341)

	
(0.424)

	
(2.795)

	
(1.809)

	
(2.212)




	
Province

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
Year

	
YES

	
YES

	
YES

	
YES

	
YES

	
YES




	
R2

	
0.3647

	
0.3432

	
0.4363

	
0.3886

	
0.6019

	
0.6336




	
N

	
527

	
527

	
527

	
527

	
527

	
527








Note: * p < 0.1, ** p < 0.05, *** p < 0.01, t values in parentheses.
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