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Abstract

:

In the context of increasing consumption of herbivorous livestock products, competition between humans and animals for food, and increasing environmental constraints, it is necessary to solve the problem of sustainable development of China’s livestock industry and increase the protection and development of the grassland livestock industry while making good use of production resources in agricultural areas in order to explore the development potential of the herbivorous livestock industry in agricultural areas. The Converting Food Crops to Forage Crops Policy (CFFP), as an important measure of agricultural supply-side structural reform, aims to develop a high-quality forage industry and a high-quality herbivorous livestock industry. However, over the years of policy implementation, few studies have examined the impact effects of the policy on the development of the regional herbivorous livestock industry. To fill this research gap and provide theoretical support for subsequent policy implementation, the study used the synthetic control method to examine the impact of policy implementation on the development of herbivorous livestock production in the pilot counties in Hebei Province from 2010 to 2020. The study discovered that the policy’s implementation encouraged the expansion of herbivorous livestock production in the pilot counties, but the policy’s effects on various regions and livestock species varied due to the influence of local production bases and resource endowments.
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1. Introduction


Advancing the sustainable development of the livestock industry is an important part of advancing the sustainable development of China’s agriculture. Although the expansion of China’s livestock industry has played an important role in meeting the consumer demand of residents and promoting the income of farmers and herders, under the requirements of tightening resource constraints, upgrading residents’ consumption, and green ecology, how to enhance the productivity of animal husbandry to meet the increasing consumer demand of residents is still an important goal for the development of animal husbandry [1,2]. With the growth of the population, urbanization, and improvement of living standards driving the growth of global demand for animal protein, China’s per capita consumption of beef and lamb increased by 84.58% and 54.30%, respectively, compared with 2000. The growing consumer demand for the development of herbivorous livestock husbandry, as an important part of animal husbandry, puts forward new requirements [3,4]. According to the OECD-FAO Agricultural Outlook 2021–2030, China’s per capita beef consumption will reach 3.99 kg/person in 2029, and milk consumption continues to rise. With the backdrop of sustained growth in global demand for animal protein, meeting China’s demand for livestock products also requires expanding domestic production capacity [5].



The majority of China’s herbivorous livestock products and forage resources required for the development of the herbivorous livestock industry have always come from pasture areas, but against the background of increasing demand for herbivorous livestock products and degradation of grassland productivity, the contradiction between the rapid growth of residents’ demand for herbivorous livestock products and the insufficient supply of high-quality forage has sharpened [6,7]. While protecting grasslands and supporting the development of grassland animal husbandry, it has become an important trend in the development of herbivorous animal husbandry in agricultural areas by utilizing the resources of agricultural areas and tapping the potential of herbivorous animal husbandry in agricultural areas [8]. The high percentage of livestock that eat grains, such as pigs and poultry, and the slow growth rates of livestock that are fed on grass, such as cattle and sheep, combined with the traditional idea of valuing grain production, have prevented China from developing its herbivorous livestock industry which feeds on high-quality forage. Many studies have been conducted to prove the importance of forage feeding to cattle, sheep, and other herbivorous livestock in improving production efficiency, upgrading quality, and ensuring product safety, and the role of forage in the development of herbivorous livestock has been widely recognized [9,10]. The Chinese government and scholars have also begun to realize the important role of forage in the transformation and upgrading of herbivorous livestock husbandry and have begun to pay attention to the importance of herbivorous livestock husbandry development in agricultural areas in the sustainable development of livestock husbandry while protecting grassland ecology and developing grassland livestock husbandry [11,12,13]. In 2015, in order to promote the structural adjustment of the plantation industry and the transformation and upgrading of the grassland livestock husbandry industry, the Chinese government began to arrange financial funds to support the development of Converting Food Crops to Forage Crops Policy (CFFP) pilots, which provides new ideas for the development of a green and sustainable modern livestock husbandry industry. However, compared with related fields such as grassland livestock husbandry and traditional farming, there is a lack of research on CFFP [14,15,16]. To fill this gap, the study will focus on analyzing the impact effects of policy implementation on the development of herbivorous livestock farming in the pilot counties based on the existing literature, focusing on policy implementation ideas and objectives. The study will further analyze whether there are differences in policy effects among different types of regions and different livestock species and how to explain such differences.



The remainder of the study is structured as follows. The study area, data sources, policy introduction, and model selection are included in Section 2. The empirical findings are reported in Section 3 together with examinations of their robustness. The results are discussed in Section 4. The conclusions are presented in Section 5.




2. Materials and Methods


2.1. The Policy


As the constraints on the development of herbivorous livestock husbandry in traditional pasture areas increase, the development of modern livestock husbandry also places new requirements on the structure and mode of herbivorous livestock husbandry. CFFP, as an important measure to adjust structure and change mode and promote structural reform on the supply side of agriculture in China, aims to play a leading role in financial funds, mobilizing farmers’ enthusiasm for forage cultivation through market mechanisms, building a new agricultural and livestock husbandry structure combining farming and raising animals, and promoting the development of herbivorous livestock husbandry (the policy implementation framework is shown in Figure 1). In 2015, the central government allocated special funds to begin the policy in 30 counties in the 10 regions of Liaoning, Heilongjiang, Jilin, Inner Mongolia, Hebei, Shanxi, Gansu, Qinghai, and Ningxia; at present, the policy has been implemented in more than 900 counties.



CFFP’s subsidy funds are used primarily for high-quality forage storage. Policy subsidies are primarily for large-scale herbivorous livestock farms (households) with forage storage and use capacity or professional harvesting enterprises (cooperatives) with consistent forage supply and marketing orders. In terms of the essence of CFFP, government subsidies linked to forage harvest are the means; increasing forage supply is the channel; and developing a quality forage industry and promoting herbivorous livestock development are the main objectives. The development of the forage industry is the basis of the transformation and upgrading of the herbivorous livestock industry, and the development of the herbivorous livestock industry is the driving force behind the rapid development of the forage industry. On this basis, the policy is to promote the development of the forage industry and the transformation and upgrading of the herbivorous livestock industry in accordance with the circular development concept of “planting to drive breeding, breeding to promote planting.”




2.2. The Study Area


The implementation area of CFFP focuses on two types of areas: agricultural and semi-agricultural and semi-pastoral areas, and has been expanded from the initial 30 pilot counties to more than 900 pilot counties at present. On the basis of the comprehensive consideration of regional characteristics and data feasibility and taking into account representativeness and practicality, the study selects the first batch of pilot counties for CFFP—Xingtang County and Weichang County, Hebei Province—as the study area to analyze and explore the impact of CFFP on the development of the regional herbivorous livestock industry. Xingtang and Weichang counties belong to different types of regions, and the comparative analysis of the effect of grain on feed policy in the two regions can further explore the regional differences in the policy effect while analyzing the policy effect.



Hebei Province, which is rich in production resources, is bounded by 36°05′ and 42°40′ N latitude and 113°27′ and 119°50′ E longitude. According to the data of the Third National Land Survey, Hebei Province has 6520 thousand hectares of arable land (5.1% of the national arable land area) and 1947.27 thousand hectares of grassland. In 2021, Hebei’s share of grain production in the country was 5.6%, and the total protein of livestock products in the country was 7.28%, of which the total protein of major herbivorous livestock products in the country was 9.65%, which is much higher than the average of all provinces (municipalities and regions). As an important area for the supply of agricultural products in Beijing, Tianjin, and Hebei, the development of its livestock industry plays an important role in meeting the growing demand for herbivorous livestock products. Xingtang County belongs to Shijiazhuang City, Hebei Province, with 47.53 thousand hectares of arable land, planted mainly with corn, wheat, peanuts, and other food crops and cash crops, with a small proportion of grassland area, which is a typical agricultural county. According to the policy tracking data, the milk production of Xingtang County in 2021 was 267,800 tons, and the annual slaughter of beef cattle and sheep reached 25,800 and 75,500 heads, respectively. Weichang County belongs to Chengde City, Hebei Province, with 112.04 thousand hectares of arable land and 111.65 thousand hectares of grassland. It is a semi-agricultural and semi-pastoral county in transition from pastoral to agricultural areas. In 2021, milk production in Weichang County was 29,500 tons, and the annual slaughter of beef cattle and meat sheep reached 170,000 and 250,000 heads, respectively.




2.3. Data


The Hebei province county panel data used in the study are primarily from the Hebei Rural Statistical Yearbook, with missing data supplemented by regional government work reports.



Focusing on the research objective of “the impact of policy implementation on the development of the herbivorous livestock industry in pilot counties”, two indicators, herbivorous livestock production level and herbivorous livestock production concentration index (HPCI), were selected as predictor variables to analyze the level of herbivorous livestock production in pilot counties and the contribution of pilot counties to the overall herbivorous livestock production level in Hebei Province based on county data. Herbivorous livestock farming is a production system that uses forage to feed herbivorous animals such as cattle, sheep, horses, and rabbits to obtain livestock products, of which cattle and sheep are the two main types of herbivorous livestock. On the basis of full consideration of the actual situation and data availability, the study focused on two major types of herbivorous livestock, cattle and sheep, and explored the impact of the CFFP implementation on the development of major herbivorous livestock farming.



On the basis of the existing research results [14,17], we take the annual slaughter volume of livestock as a measure of the regional herbivorous livestock production level and refer to the existing standards (the “one cow is equal to five sheep units” standard, according to the “Inner Mongolia Autonomous Region basic grassland protection regulations”) to unify the slaughter volume of cattle and sheep into sheep units to facilitate the analysis and calculation of the overall development level of the regional herbivorous livestock industry.



The contribution of a part to the overall production total can usually be expressed as a production concentration index. In this study, this index is expressed as the proportion of the pilot counties’ herbivorous livestock production levels to the overall production levels in Hebei Province, i.e., the herbivorous livestock production concentration index (HPCI). In addition, the index can be used to indicate changes in the layout of regional livestock production and is widely used in studies related to industrial, agricultural, and other industrial development [18]. HPCI can be calculated by the equation    ω  i t   =    w  i t      W T      i = 1 , 2 … , N ; t = 1 , 2 … , T    , where    w  i t     denotes the level of herbivorous livestock production in pilot counties in period ‘t’, and    W T    refers to the total level of overall herbivorous livestock production in Hebei Province in period ‘t’.



In addition, in order to consider the fitting effect of synthetic control objects in the empirical analysis and the robustness of the results, we used important factors affecting the development of herbivorous livestock farming as predictor control variables. The study considered the impact of population growth, economic development, and regional agricultural production resources on the development of livestock farming and used gross regional domestic product (in the analysis, the gross regional domestic product is deflated to obtain the real gross regional domestic product with 2010 as the base period), population, grain production, and predictor variables with a three-period lag as predictor control variables [19]. Finally, in order to eliminate the effect of magnitude, the empirical analysis part of the study logarized the variables of livestock slaughter, industry concentration, gross regional product, population size, and grain production before conducting the analysis.




2.4. Econometric Method


The study examines the effects of the CFFP implementation on the level of growth of herbivorous livestock husbandry in the region using a synthetic control method, with reference to prior research [20]. The study selected Xingtang and Weichang counties in Hebei province as the treatment groups, and 2015 was used as the time point of policy intervention. In the control group, counties in Hebei province that were classified as pilot counties for CFFP conversion after 2015 were removed, and counties that had not implemented the policy since the CFFP was implemented were used as the control group.



The “counterfactual” reference group for each treatment group was constructed through the weighted average of the control groups to simulate the development of herbivorous livestock in the region without the implementation of the policy. The comparison of the production level of herbivorous livestock in the region with and without the implementation of the policy is the policy effect of policy implementation on the development level of herbivorous livestock in the region.



Suppose there are N + 1 regions. Region ‘i’ begins implementing the CFFP in period    T 0   , and the other N regions do not implement the policy. The potential outcome of region ‘i’ implementing the policy in period ‘t’ is denoted by    Y  1 i t    , the potential outcome of region ‘i’ not implementing the policy in period ‘t’ is denoted by    Y  0 i t    , and the causal effect of region implementing the policy is denoted by    τ  i t   = Y     1 i t   − Y     0 i t    , where   i = 1 ,   2 , … , T  .



The result of observed herbivorous livestock production in region ‘i’ in period ‘t’ is    Y  i t   =  D  i t    Y  1 i t   −   1 −  D  i t      Y  0 i t   =  Y  0 i t   +  τ  i t    D  i t    , where    D  i t     denotes the policy implementation status of region ‘i’ in period ‘t’. If region ‘i’ is subject to policy intervention in period ‘t’, the value is 1, otherwise the value is 0. Assume that region ‘i’ is subject to policy intervention after period    T 0   , while the other N regions have never been subject to policy intervention in all periods. For   t >  T 0   , the policy effect can be written as    τ  i t   =  Y  1 i t   −  Y  0 i t    , where    Y  1 i t     is observable owing to the policy intervention in region ‘i’ after period ‘t’, while    Y  0 i t     is not observable. This is assuming that the other N areas are never subject to policy intervention in all times. The following model can be used to estimate the counterfactual result for region ‘i’:


   Y  0 i t   =  δ t  +  θ t   Z i  +  γ t   μ i  +  ε  i t    



(1)




where    δ t    stands for time fixed effects;    Z i    are the (K × 1)-dimensional observable covariates;    θ t    is the (1 × K)-dimensional vector of unknown parameters;    γ t    is the (1 × F)-dimensional vector of unobservable common factors;    μ i    is the (F × 1)-dimensional vector of coefficients; and    ε  i t     are the unobservable short-term shocks in each region, which are supposed to have a mean value of ‘0’ at the region level.



Equation (1) is an extension of the traditional Differences-in-Differences (DID). The traditional DID model allows the presence of unobservable factors to limit the effects by transforming the effects of these factors into constants in time.    γ t    in Equation (1) is not constant, allowing the unobservable factor effects to vary in time.



Assume that only the first region ‘1’ (i = 1) has implemented CFFP and that none of the other regions have done so. Consider an (N × 1)-dimensional weight vector   W =    w 2  , … ,  w  N + 1       that satisfies    w j  ≥ 0 , j = 2 , … , N + 1   and    w 2  + … +  w  N + 1   = 1   in order to determine    Y  01 t    . A synthetic control group is represented by each vector  W . Each control group region’s outcome variable values are weighted to produce:


    ∑   j = 2   N + 1    w j   Y  j t   =  δ t  +  θ t    ∑   j = 2   N + 1    w j   Z j  +  γ t    ∑   j = 2   N + 1    w j   μ j  +   ∑   j = 2   N + 1    w j   ε  j t    



(2)







Suppose there exists a weight    W *  =  w 2 *  , … ,  w  N + 1  *    such that:


    ∑   j = 2   N + 1    w j *   Y  j 1   =  Y  11   ,     ∑   j = 2   N + 1    w j *   Y  j 2   =  Y  12   ,   … ,   ∑   j = 2   N + 1    w j *   Y  j  T 0    =  Y  1  T 0    ,     ∑   j = 2   N + 1    w j *   Z j  =  Z 1   



(3)







Abadie [21] proves that if     ∑   t = 1    T 0     γ t ′   γ t    is a non-singular square matrix, then we have:


   Y  01 t   −   ∑   j = 2   N + 1    w j *   Y  k t   =   ∑   j = 2   N + 1    w j *    ∑   s = 1    T 0     γ n        ∑   n = 1    T 0     γ n ′   γ n      − 1    γ s ′     ε  j s   −  ε  1 s     −   ∑   j = 2   N + 1    w j *     ε  j t   −  ε  1 t      



(4)







Under general conditions, Equation (4) converges to ‘0’. For    T 0  < t ≤ T  , the counterfactual results for region ‘1’ can be approximated by a synthetic control group,     Y ^   01 t   =   ∑   j = 2   N + 1    w j *   Y  j t    , which yields an estimate of the policy effect:


    τ ^   1 t   =  Y  1 t   −   ∑   j = 2   N + 1    w j *   Y  j t   , t ∈    T 0  + 1 , … , T    



(5)







The secret to finding     τ ^   1 t     is to identify the proper weight    W *    that ensures the validity of Equation (3). On the basis of the Abadie development program, a synthetic pilot county that approximates the actual pilot county development trend can be obtained. The development trend of herbivorous animal husbandry in the synthetic pilot counties, obtained by weighting, actually simulates the development trend of the pilot counties without the policy, and the level difference between them is the policy effect of the CFFP.





3. Results


This section assesses the impact of the CFFP implementation on herbivorous livestock development in the pilot counties based on the synthetic control method, and the policy effects are captured by the differences in the predictor variables after the policy implementation. The synthetic control method as a data-driven method, creating the synthetic area approximation fitting the pre-policy implementation development trend in the pilot area, is the basis for an accurate assessment of the policy implementation effect. Due to the high production level of the cattle industry in Weichang County, when it is used as a predictor variable to assess the policy effect, it is not possible to find suitable weights to fit the change trend before the policy implementation. In this case, the synthetic control method is no longer applicable to assess the impact of the CFFP implementation on the beef cattle production level in Weichang County. The study refers to the existing studies [20,22] and compensates for this deficiency by an alternative method—Differences-in-Differences (DID).



3.1. Impacts on Production Levels


3.1.1. The Effect of CFFP Implementation on the Production Level of Herbivorous Livestock


Figure 2 illustrates the fitting of the production level of herbivorous animal husbandry in actual pilot counties and artificial pilot counties from 2010 to 2020. The CFFP’s implementation year is indicated by the location of the vertical dotted line. From Figure 2a, it can be seen that before the policy implementation, synthetic Xingtang County and Xingtang County were very close in the change trend, indicating that synthetic Xingtang County better fit the change trend of the herbivorous livestock production level in Xingtang County; after the policy implementation, the herbivorous livestock production level in Xingtang County was higher than synthetic Xingtang County, and the difference between the two represents the policy effect, indicating that the implementation of the CFFP promoted the herbivorous livestock production level in Xingtang County. Similarly, as can be seen from Figure 2b, the fitted polder counties better fit the trend of the actual polder counties, and the difference between the trend of the actual polder counties and the synthetic polder counties since the year of policy implementation was positive, indicating that the CFFP implementation had the same positive effect on the improvement of the level of herbivorous livestock production in polder counties. Whether the level of herbivorous livestock production in Xingtang or Weichang counties was used as a predictor variable, the policy had a catalytic effect on the level of herbivorous livestock production in the pilot counties.



From the viewpoint of the policy action path, CFFP has two main impacts on the development of the herbivorous livestock industry. Firstly, the policy encourages the development of the forage industry, which provides high-quality forage for the herbivorous livestock industry, promotes the optimization of the diet structure of the herbivorous livestock industry, and improves breeding efficiency. Secondly, the policy subsidizes the forage storage link (most of the large-scale farms with forage demand meet the storage conditions), which in turn reduces the breeding cost to a certain extent and maintains the enthusiasm of herbivorous livestock farmers. However, at the early stage of policy implementation, agricultural operators are more willing to adopt a wait-and-see attitude due to a lack of understanding of the policy content and objectives [23].



From the perspective of planting, the policy is initially influenced by the implementation efforts and farmers’ perceptions. Rational farmers tend to have reservations about planting forage crops with unfamiliar production technology and low levels of social service development, and this influence will in turn spread through the peer effect in the farmers’ group species, which will then evolve into group behavior [24]. On the other hand, considering that wheat, corn crops, and other food crops are the main competitive crops of forage crops, under the influence of food support policy and planting habits, farmers have a certain preference for traditional crop planting [25,26]. This is coupled with the lack of direct guiding effect of policy on farmers’ planting structure adjustment, causing the policy in the early pilot areas of the forage industry development drive to be limited. As the basis for the development of herbivorous livestock industry, the slow development of the forage industry will have a direct impact on the back end of the breeding chain.



From the perspective of breeding, herbivorous livestock breeding has long-cycle and high-cost characteristics, and the breeding body will not substantially adjust the planting scale. Although the subsidy of CFFP projects can reduce the cost of breeding to a certain extent compared with the universal policy of grain subsidy, the target and standard of CFFP subsidy have a certain threshold. For example, project funds in Xingtang County, Hebei Province, are used to subsidize large-scale farms that harvest more than 33.33 hectares of whole-plant silage corn, and small-scale subjects do not directly benefit from the policy implementation. In the case of uncertainty about expected returns, the farming body will not easily change the scale of existing herbivorous livestock operations.



The improvement of policy content, the increase of publicity and the stability of policy support, the deepening of farmers’ policy perception, the increase of farmers’ willingness to participate, the orderly formation of the industrial development environment, the forage industry, and herbivorous livestock development under the guidance of the policy gradually formed a food cycle, promoting the implementation of the policy and the realization of policy objectives [27,28].




3.1.2. The Effect of CFFP Implementation on the Levels of Production of Various Livestock Species


From the actual change trend in Xingtang County in Figure 3, it can be seen that the production level of the cattle industry in Xingtang County has been in a stable growth trend, especially after the implementation of the policy. The production level of the cattle industry has increased significantly. From the change trend of policy effect, the policy effect of the production level of the cattle industry in Xingtang County is significantly positive and continuously increasing. Compared with the cattle industry, on the one hand, the actual sheep industry production level in Xingtang County fluctuates slightly around a certain level and does not show a significant increase. On the other hand, the policy effect of the sheep industry production level is not stable and even had a significant negative effect at the start of policy implementation.



From Figure 4b, it can be seen that the policy had a negative effect on the production level of the sheep industry in Weichang County in the first two years of implementation, and this negative effect weakened and changed to a positive effect with the implementation of the policy. In addition, since the level of cattle production in Weichang County is generally higher than that in other regions, it is not possible to find suitable weights to fit the trend before the implementation of the policy, so it is not analyzed here.




3.1.3. The Effect of Policy Implementation on the HPCI


Whether the HPCI of Xingtang or Weichang county was used as a predictor variable, the actual value of HPCI was higher than the synthetic value after the implementation of the policy, indicating that the implementation of the policy promoted the increase of the pilot counties’ share of herbivorous livestock production level in Hebei province and promoted the pilot counties’ contribution to the increase of herbivorous livestock production level in Hebei province.



According to the actual trend of HPCI in the pilot counties in Figure 5a, the concentration of herbivorous livestock production in Xingtang County showed a “V-shaped” change between 2010 and 2020, reached its lowest in 2015, resumed growth after 2015, and increased at a faster rate. On the one hand, in response to the serious problem of livestock pollution, the central and local governments issued a series of pollution prevention policies, including the central government in 2011 specifying that the pollution prevention of large-scale livestock and poultry breeding should be strengthened. Shijiazhuang City is one of the most polluted areas in Hebei Province (with the highest amount of manure produced by cattle and livestock), which naturally makes it a key area for pollution control [29]. However, the high cost of farm pollution control (coupled with the fact that project support funds are used mainly for large-scale farming subjects) and the large number and wide distribution of small- and medium-scale farming subjects (who generally choose to maintain or reduce the scale of farming under the existing resource conditions to achieve effective pollution control) result in a decline in regional production levels, thus causing the share of Xingtang County, which has a good foundation for the development of the livestock industry in the whole region, to decline. The implementation of the CFFP provides an opportunity for the development of herbivorous livestock husbandry in Xingtang County to achieve the dual goals of emission reduction and transformation and upgrading of herbivorous animal husbandry, promoting the revitalization of regional herbivorous animal husbandry.



Compared with Xingtang County, the HPCI in Weichang County is on a “steady growth” trend, with a brief period of rapid growth in 2015/2016 and a rapid return to slow growth. On the one hand, in the context of the serious disconnection between agriculture and animal husbandry that brings about environmental pollution and other problems that restrict the development of animal husbandry, livestock manure in pastoral areas can be used as a resource, to a large extent, making the development of herbivorous livestock husbandry in Weichang County weakly affected by animal husbandry pollution control [30]. However, Weichang County faces problems, such as grassland ecological destruction and declining productivity, which limit the further development of herbivorous animal husbandry in Weichang County, thus preventing the contribution of the production level of herbivorous animal husbandry in Weichang County to the development of herbivorous livestock husbandry in Hebei Province from increasing in a long period of time. The implementation of the policy activates the potential of developing herbivorous livestock husbandry in the agricultural areas of the region under the condition of declining productivity in pastoral areas and gradually promoting the increase of HPCI in Weichang County, increasing the rate of Weichang County’s contribution to herbivorous livestock production in Hebei Province.





3.2. Comparison between Regions


Overall, the implementation of the policy has a significant positive effect on the development of herbivorous animal husbandry in Xingtang and Weichang counties, and the policy effect in Weichang County is significantly higher than that in Xingtang County. On the one hand, the grassland herbivorous livestock development in Weichang County, which is a semi-agricultural and semi-pastoral county, has laid the foundation for the industrial development of herbivorous livestock development in the region’s agricultural areas in terms of breeding concepts, production technology, and socialization services, making Weichang County better than agricultural counties in terms of forage resource abundance and policy recognition as well as improving the possibility of policy response behavior of agricultural business entities [27]. On the other hand, in the context of grassland ecological degradation, the CFFP fits well with the needs of traditional animal husbandry transformation in the context of “conversion of grassland grazing to shed feeding” in Weichang County, and the implementation of the CFFP expands the development space of herbivorous animal husbandry in agricultural areas while stabilizing the production level of herbivorous livestock husbandry in Weichang County, which is also consistent with the findings of previous studies [31,32]. At the same time, Figure 6 shows that the policy effects of different indicators exhibit a growing trend; this indicates that the policy effects are sustainable and also proves the correctness of the policy idea that the policy is based on financial resources and drives industrial development through market mechanisms.



In terms of the trend of the policy effect, the trends of the policy effect of the same region’s herbivorous livestock production level and HPCI are similar, but there is a significant difference in the trends of the change between regions. Although the policy effect in Weichang County is higher than that in Xingtang County, the change in policy effect in Xingtang County appears to be more stable than the “fast and slow” change in Weichang County. If the policy resources are not effectively allocated between “herbivorous livestock development in agricultural areas” and “herbivorous livestock protection in pastoral areas”, the policy resources will be scattered and the policy stability will be lacking, so that the production resources cannot be effectively used and the policy effect in Weichang County will be affected. The stable policy effect in Xingtang County also further confirms that the implementation of the policy has effectively tapped the potential of traditional farming areas in developing herbivorous livestock development and effectively promoted the development of a regional herbivorous livestock industry, which echoes the findings of previous studies [33].




3.3. Robustness Tests


3.3.1. Robustness Test


To test that the differences in the predictor variables in the empirical analysis are indeed due to the effects brought about by the policy rather than some other unobserved extraneous factors, a ranking test (permutation test) similar to the rank test in statistics proposed by Abadie is used here to determine how likely it is that the other control groups will appear the same as the treatment group. The idea of this test is to assume that all control groups began implementing the CFFP in 2015, to construct synthetic control subjects for the control group using the synthetic control method, to estimate the policy effect in the hypothetical case, and then to compare the policy effect actually generated in the treatment group with the policy effect generated in the urban hypothetical case in the control group. If the difference in policy effects between the two is large enough, then there is reason to believe that the policy effects are significant. The method requires synthetic control subjects to have a good fit before the policy implementation, and if a control group has a poor fit before the policy implementation, the study results will also remove the presentation of its herbivorous livestock development level difference. Figure 7, Figure 8, Figure 9 and Figure 10 show the different distributions of the predictor variables.



Consider the level of herbivorous livestock production in Xingtang County as an example. According to Figure 7a, it can be seen that the gap between the policy effects in Xingtang County and other control group areas was not large before the implementation of the CFFP, but after the implementation of the policy, the gap between Xingtang County and other areas began to widen, and the policy effects in Xingtang County were larger than those in other areas. The likelihood of such a wide difference between the production levels of herbivorous cattle in Xingtang County and synthetic Xingtang County is 7/73 (there were 78 sample regions in the study, the remaining 73 cities were left after five areas with high RMSPE values prior to 2015 were excluded), and there is a 9.59% probability that other control groups will be similar to Xingtang County.



Similarly, according to Figure 7b, Figure 8, Figure 9 and Figure 10, the probabilities that the same situation as that in treatment group will occur in other control group areas are 7/74 (9.46%), 1/71 (1.39%), 25/65 (38.46%), 0/75 (0%), 0/75 (0%), and 16/75 (24%), when the HPCI in Xingtang County, the production level of cattle livestock in Xingtang County, the level of sheep livestock in Xingtang County, the production level of herbivorous livestock in Weichang County, the HPCI in Weichang County, and the HPCI in Weichang County are used as predictor variables, respectively. This suggests that the policy effects assessed using the synthetic control method are likely to be robust.




3.3.2. A Further Examination of the Policy Impact on the Cattle Industry’s Production in Weichang County—Based on the DID


The effect of the CFFP on the level of production of herbivorous livestock in Weichang County was estimated by the DID to partially compensate for the inability to find synthetic control objects and the poor fitting effect. The econometric model was set as follows:


   Y  i t   =  β 0  +  β 1  t r e a  t i  ∗ t i m e +  β 2  t r e a  t i  +  β 3  t i m e + α X +  δ i  +  γ t  +  ε  i t    



(6)




where    Y  i t     is the production level of cattle;   t r e a  t i    is the CFFP variable, with a value of ‘1’ for the treatment group and ‘0’ for the other control groups;   t i m e   is the year dummy variable, with ‘1’ after 2015 and ‘0’ before 2015;    β 1    is the net effect of the CFFP on cattle production level;  X  is the ensemble of control variables;    δ i    is the individual fixed effect; and    γ t    is the time fixed effect.



Through data analysis, it was found that the trend of cattle industry’s production levels in both the treatment and control groups before policy implementation showed a slight downward trend, which is consistent with the premise of common trend with DID application. Table 1 reports the estimation results of the double difference method, and the interaction term reflects the net effect of the CFFP on the production level of the cattle industry in Weichang County. Both the least squares and fixed panel effects model results show that the interaction term coefficient is significantly positive at the 1% level, indicating that the implementation of the CFFP in the pilot counties significantly contributed to the improvement of the production level of the cattle industry in Weichang County.






4. Discussion


It has been discovered that effective agricultural support policies have a positive impact on industry economic growth, farm household income, and environmental protection [34,35]. On the basis of existing studies and the current situation of herbivorous livestock production in China, this study focuses on the impact of the implementation of the CFFP on the development of herbivorous livestock production in the pilot counties. The study is based on the first pilot counties of the CFFP—Xingtang and Weichang counties—and uses a synthetic control method to analyze the impact of policy implementation on the production level and HPCI in these pilot counties. The results of the study showed that the implementation of the policy as a whole was beneficial to the improvement of herbivorous livestock production levels in the pilot counties and promoted the concentration of herbivorous livestock production areas in the pilot counties in Hebei Province. Thus, the results of the study can provide theoretical support for the subsequent promotion of the policy.



At the same time, the study further analysis of the policy effects of different livestock production levels in the pilot counties, and the results are shown in Figure 11. The study found that the CFFP implementation showed a positive effect on the pilot counties’ cattle industry production levels, but the positive effect on the pilot counties’ sheep industry production levels was not satisfactory, especially in Xingtang County. After five years of CFFP implementation, the improvement of regional sheep industry production levels was very limited. One of the reasons is that the development of regional industries is influenced by regional industries base, the economy, and policies [36,37]. For example, the dairy and beef cattle industries have been the key industries in the development of animal husbandry in Xingtang County, which has made an important contribution to the regional economic development and farmers’ income; the regional government has purposely tilted the use of policy funds toward the project areas where the dairy and beef cattle industries are concentrated, aiming to promote forage cultivation and the herbivorous livestock industry in the region. Support for the sheep industry is neglected or even squeezed due to limited policy resources.



Second, under the conditions of a market economy, the increasing consumer demand for domestic production to put forward higher requirements, including Beijing, Tianjin, and Hebei urban residents, whose per capita consumption of beef and milk per household has continued to increase over the years. The production behavior of Hebei Province, as an important supply base for livestock products in Beijing, Tianjin, and Hebei, is bound to change accordingly according to demand [38].



At the same time, combined with the policy work ideas and the actual situation, we also found that the direct beneficiaries of the policy are mainly large-scale entities (including large-scale farms, forage harvesting, and storage enterprises, etc.), while ordinary farmers, who account for a relatively large proportion of China’s agricultural production and operations, do not directly benefit from the policy implementation. The policy aims to play a guiding role in financial funds, mobilize the enthusiasm of farmers in forage planting in the front end through market mechanisms, enhance the efficiency of herbivorous livestock breeding in the back end, and promote the development of herbivorous livestock breeding. However, in the market economy, given that farmers are rational economic people, in the absence of obvious interest guidance and policy inclination, there are still problems such as weak planting stability, poor forage quality, and the degree of planting–feeding combination to be improved, which will be further transferred to the breeding process [39,40]. Although the study did not specifically investigate the impact of policy implementation on general farmers, this study still has important implications for general farmers. On the one hand, the study clarified the policy implementation ideas, involving the pathways of policy implementation on forage cultivation and herbivorous livestock breeding, which is beneficial for farmers to understand the implementation content and objectives of the policy. On the other hand, the study discusses the importance of ordinary farmers to policy implementation and the neglect of policy implementation by ordinary farmers. As the direct response subject of the policy, farmers’ behavioral response is the premise and foundation for the sustainable and effective implementation of the policy, which also calls for the policy to continually optimize the policy implementation content (such as broadening the scope and use of subsidies, focusing on the policy to improve the interest linkage mechanism of breeding and raising subjects, etc.), so that ordinary farmers can share the fruits of industrial development under the policy implementation.



Due to the limitation of space and focus, the study focused on the two main types of herbivorous livestock, cattle and sheep, and measured the livestock production capacity in terms of annual livestock slaughter, ignoring to a certain extent the policy effects of dairy industry development. On the other hand, the article focuses mainly on the level of herbivorous livestock production and lacks the analysis of modern livestock development indicators, such as scale, standardization, quality, and safety in the context of modern agriculture. On the basis of taking into account various levels of livestock production, the research will continue to investigate the policy effects of regional livestock production structure, scale, and production efficiency.




5. Conclusions


On the basis of CFFP implementation and herbivorous livestock development in the pilot counties of Xingtang and Weichang in Hebei Province, the study empirically analyzed the impact of CFFP implementation on herbivorous livestock development in the pilot counties using the synthetic control method. It was found that the CFFP had a significant positive effect on the improvement of herbivorous livestock production levels in the pilot counties as a whole and was conducive to enhancing the contribution of the pilot counties to the development level of the herbivorous livestock industry in Hebei Province, while differences in policy effects and change trends among different types of pilot counties and different livestock species were also found. The research provides the theoretical basis for the continued promotion of CFFP and provides direction for the subsequent optimization of the policy. The implementation of the policy should focus on the coordinated development among livestock species on the basis of regional advantages; focus on the stability of policy implementation and the rationality of project subsidies; reasonably guide farmers’ policy expectations and stimulate their enthusiasm for participation; and innovate policy content and subsidy methods to allow ordinary farmers to share the policy dividends.
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Figure 1. The implementation framework for the CFFP. 
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Figure 2. Effect of the CFFP on the production level of herbivorous livestock, (a) the trend of Xingtang County and synthetic Xingtang County; (b) the trend of Weichang County and synthetic Weichang County. 
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Figure 3. Effect of the CFFP on the production level of cattle industry. 
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Figure 4. Effect of the CFFP on the production level of sheep industry, (a) the trend of Xingtang County and synthetic Xingtang County; (b) the trend of Weichang County and synthetic Weichang County. 
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Figure 5. Effect of the CFFP on the herbivorous livestock production concentration index (HPCI), (a) the trend of Xingtang County and synthetic Xingtang County; (b) the trend of Weichang County and synthetic Weichang County. 
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Figure 6. Effect of the CFFP on herbivorous livestock development; (a) effect of herbivorous livestock production levels; (b) effect of the herbivorous livestock production concentration index (HPCI). 
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Figure 7. Herbivorous livestock production level gaps in all sample points, (a) when Xingtang County is the treatment group, (b) when Weichang County is the treatment group. 
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Figure 8. Herbivorous livestock industry’s concentration (HPCI) gaps in all sample points, (a) when Xingtang County is the treatment group, (b) when Weichang County is the treatment group. 
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Figure 9. Sheep industry production level gaps in all sample points, (a) when Xingtang County is the treatment group, (b) when Weichang County is the treatment group. 
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Figure 10. Cattle industry production level gaps in Xingtang County and all Control County. 
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Figure 11. Effect of the CFFP on various industries’ production levels. 
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Table 1. The CFFP’s impact on the cattle industy’s production in Weichang County (DID).
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OLS

	
FE






	
    β 1    

	
2.51 ***

	
0.179 ***

	
0.467 ***

	
0.092 ***




	
(0.095)

	
(0.078)

	
(0.056)

	
(0.029)




	
Constant

	
5.151 ***

	
0.211 **

	
5.15 ***

	
0.528 ***




	
(0.118)

	
(0.263)

	
(0.035)

	
(0.526)




	
X

	
Uncontrolled

	
Controlled

	
Uncontrolled

	
Controlled




	
    γ t    

	
Controlled

	
Controlled

	
Controlled

	
Controlled




	
    δ i    

	
Controlled

	
Controlled

	
Controlled

	
Controlled




	
N

	
858

	
780

	
858

	
780




	
R2

	
0.06

	
0.934

	
0.036

	
0.899








*** p < 0.01 and ** p < 0.05.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file8.jpg
" o s e

[ - Smpecvem oy |

Sraveomtory |

(=

(b)

(a)





media/file13.png
gap in production level

1

0

-1

-2

T
2010

T
2012

T
2014

ar

—Xingtang County

(a)

T T
2016 2018

----Control County

gap in production level

1

0

1

-2

T
2010

T T T T
2012 2014 2016 2018
year

——Weichang County ----Control County

(b)

T
2020





media/file12.jpg
[N g e—

gy oy ooy

(b)

(a)





media/file18.jpg
z [ z-
|ens] uononpoud ui deb

2018 2020

2016

year

——Xingtang County ~—-Control County

2012 2014

2010





media/file9.png
Logarithmic values of HPCI

—

\\
©
< \\
I \
\
AN
N
Tl AN
| \\
N
"‘Ij. —
T T T T T T
2010 2012 2014 2016 2018 2020

Xingtang County

Synthetic Xingtang County

Logarithmic values of HPCI

-6

1= S
N
N
N
N
S~
\\
\
\
— \
\
\
\
\

- \

\

\

\
| T T T T T T
2010 2012 2014 2016 2018 2020

Weichang County

Synthetic Weichang County






media/file14.jpg





media/file20.jpg
2010

2012 2014 2016 2018
year

— — Production level of sheep industry in Xingtang County
- Production level of cattle industry in Xingtang County
- Production level of sheep industry in Weichang County

2020





media/file5.png
Logarithmic values of production levels

'\ —
To)
S | ——+-
3
\
\
\
\
\
\
© \
\
\ -
\’/’ \\
\
\
\
\\
0 | o~
1o T T T T T T
2010 2012 2014 2016 2018 2020
year

Xingtang County ———-—- Synthetic Xingtang County






media/file15.png
A

NN
AN
N

oA
i
\
iy
7

- |

\
Rt N I
\///\ |
1, 7

0 L
|DdH Ui deb

2020

2018

2016

2014

2012

2010

2020

2018

2016

2014

2012

2010

year

Weichang County

year

Xingtang County

----Control County

----Control County

(b)

(a)





media/file19.png
gap in production level

2

0

-2

<
|

T
2010

T T T
2012 2014 2016
year

—Xingtang County ----Control County

T
2018





media/file2.jpg
S vt oz |

e

[ oo == Symarnma o |

(b)

(a)





nav.xhtml


  agriculture-12-01872


  
    		
      agriculture-12-01872
    


  




  





media/file11.png
25

0
e

! '

/ /

/ /

/
/ (VIS II
/ /
/ /
/ /
/ v /
/ ~ /
/ /
/ /
/ /
,/{‘- A /I
-~ * //
/// . /’/ ,,,,
,”_// .'- LO._ ,’,—’/ """"""
4 o / L
/ /
/ /
/ /
/ . / JPtae
A --—---»../ __________ -'-- O eI ——.—_{ -------
T T T T T T T T T T T
2012 2014 2016 2018 2020 2010 2012 2014 2016 2018 2020
year year
----------- Xingtang County ————- Weichang County --------- Xingtang County = ————- Weichang County

(a) (b)





media/file6.jpg
[ oy s ooy |

[ ooy === sy s o |

(b)

(a)





media/file1.png
pgrading o
residents'
consumptio

Planting

Necessity

structure to be
optimized

Lack of high-
quality forage

Labor saving
< Planting \ + /

enthusiasm / Effective Farming enthusiasm
R 4 allocation of labor force

Forage industtdevelopmengyarantee the preeding profit

Reduce breeding cost
+

Raising efficiency

improvement

Forage collection
and storage






media/file10.jpg
gy Gty e |

ST

(b)

(a)





media/file7.png
Logarithmic values of production levels

8
I

7.5
1

7
I

6.5
1

© 4

7.8

7.4

Logarithmic values of production levels
7.6
|

N
N~

T
2010

T T T T T T T T T T T
2012 2014 2016 2018 2020 2010 2012 2014 2016 2018 2020
yea yea

Xingtang County ———-—- Synthetic Xingtang County — Weichang County ———-—- Synthetic Weichang County






media/file16.jpg





media/file3.png
Logarithmic values of production levels

o 2
@ o
>
o
S “—/\/
O o+ yﬁ ~o
g
59 ~-o
4 © N
o S~
7)) ~
Q \
= \
© O \
= \
Q \
S \
s 0 \
= M~ \
S \
@) \
- \
N~ \
T T T T T T T T T T T T
2010 2012 2014 2016 2018 2020 2010 2012 2014 2016 2018 2020
year year
Xingtang County ———-—- Synthetic Xingtang County — Weichang County ———-—- Synthetic Weichang County

(a) (b)





media/file17.png
T T T T T
4 Zz 0 z-
[oA8] uononpoud ul deb

Zz 0 z-
[oA8] uononpoud ul deb

2020

2018

2016

2014

2012

2010

2020

2018

2016

2014

2012

2010

year

Weichang County

year

Xingtang County

----Control County

----Control County

(b)

(a)





media/file4.jpg
65

Logarithmic values of production levels

55

2010

2012 2014

2016 2018

year

Xingtang County

—- Synthetic Xingtang County

2020





media/file0.jpg
Nessity

T
alocation o laborfrce:

Famming cnbusiom

deckopmenuarie th rectingprf

e brdingcon

Raiin efficincy
improemnt






media/file21.png
1.5

/
/
/
/
e
/.
—  —— T ek e T ”_/ '," o —
2 - P SR
\, /"‘
\
| | | I | |
2010 2012 2014 2016 2018 2020

year

— +— Production level of sheep industry in Xingtang County
————— Production level of cattle industry in Xingtang County
----------- Production level of sheep industry in Weichang County






