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Abstract

:

Positive mathematical programming (PMP) has a substantial number of applications in the field of agricultural and resource economics. Their focus has often been placed on the simulation analysis of farmers’ response to drastic changes in exogenous factors especially brought about by policy changes. In the present study, an exploration was made to widen the application area of the PMP approach, targeting farmers’ expectation toward the farm-gate price of rice in comparison with that of wheat under the policy to suppress overproduction. When domestic consumption is mature and the regulation of production by the government is present, farmers’ expectation toward the farm-gate price of a crop can be assumed to fall in response to an increased allocation of land area to produce the crop. The degree of the fall is defined as the expectation fall index (EFI) in the present study. A proposition was made as to the procedure for quantifying EFI using the PMP approach with statistical datasets of multiple years retrieved from the Ministry of Agriculture, Forestry, and Fisheries. The present study is considered to have provided a basis to discuss the formation processes of farmers’ attitudes toward policy measures.
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1. Introduction


Overwhelmed by the image of a highly industrial society, it may not be known to the world that Japan is a country that is capable of feeding the mouths of a more than 120 million population with a staple food (i.e., rice). It would be even fewer people who know that wheat and soybean are often grown on behalf of rice in paddies in Japan.



After successful recovery from serious food shortage in the postwar era, Japanese rice production recorded as high as 18.9 million tons in the 1960s [1]. Ironically, simultaneous industrialization was successful enough to diminish the national dream of eating rice every meal rather quickly, as people started consuming foods other than rice, especially meat [2,3,4]. This was during the time when the policy, the acreage control program, was installed with the intention to reduce domestic rice production [5]. Since 1969, farmers have been encouraged to grow crops such as wheat, soybean, and vegetables instead of rice [6] (pp. 63–66). Unlike profitable vegetables, wheat and soybean had to be heavily subsidized [7,8] (pp. 5–13). In other words, no farmers in Japan were willing to grow wheat and soybean in paddies unless they were subsidized.



Apart from exceptionally strong exporters of agricultural commodities represented by Australia and New Zealand, many nations employ a variety of measures to protect their agriculture [9,10], of which the Common Agricultural Policy by the European Union is one [6] (pp. 59–60) [11] (pp. 216–217). Policies similar to the acreage control program in Japan have also been introduced by the South Korean and Taiwanese governments [12,13,14]. The acreage control program was successful in suppressing the amount of rice produced in Japan [8] (pp. 6–7). The paddy area assigned to rice was reduced by 43% from 2.70 million hectares (ha) in 1971 to 1.54 million ha in 2019 [1]. One thing the successful looking policy did not tell us was how farmers perceived the series of measures derived from the acreage control program itself.



Positive mathematical programming (PMP) has a substantial number of applications in the field of agricultural and resource economics [15,16,17,18,19]. Their focus has almost always been placed on the simulation analysis of farmers’ responses to drastic changes in exogenous factors especially brought about by policy measures [20,21], while paying less attention to farmers’ perception toward policy measures. It is vital to understand farmers’ perception of the existing policy measures in order to realize a sustainable and food-secured society. The PMP approach may be able to play a role in enhancing communication, though non-interactive, between farmers and policymakers. Farmers’ expectation toward farm-gate prices can be regarded as reflecting how farmers see and experience their situations as influenced by the current agricultural policies. Thanks to the detailed information that was made available to the public by the Ministry of Agriculture, Forestry, and Fisheries (MAFF) as to subsidy payments from 2011 onward in Japan, the environment in which to apply the PMP approach to the subject has been prepared.



The objective of the present study was therefore to apply the PMP approach to farmers’ expectation toward the farm-gate price of rice in comparison with that of wheat under the acreage control program. When domestic consumption is mature and the regulation of production by the government is present, farmers’ expectation toward the farm-gate price of a crop can be assumed to fall in response to an increased allocation of land area to produce the crop. The degree of the fall here was defined as the expectation fall index (EFI) in the present study. It is the process of the quantification of EFI where the merit of the PMP approach is explored. In the Materials and Methods section, a procedure to calculate the EFI using a PMP-based regional crop production model was established. The calculated EFI values under conditions differing in crop, farm scale, and region were subjected to analysis of variance and are presented in the Results. Finally, in the Discussion, the implication for future policy is discussed based on the results.




2. Materials and Methods


EFI was quantified for each crop using a PMP-based regional crop production model.



2.1. Model


In the PMP-based model, farmers expect the farm-gate price of a given crop to fall linearly in response to an increase in land area allocated to the crop. The farm-gate price here includes the subsidy provided by the government. Furthermore, it was assumed that farmers cannot influence the prices of purchasable inputs such as fertilizers and pesticides. Additionally, farmers are to pursue the maximization of the expected profit at a regional scale under two resource constraints (i.e., cultivatable acreage and labor hours). The upper limit of the former is regulated on a regional basis. The regional crop production model is formulated as a quadratic programming (QP) model (see Table 1 for the definitions of the variables and parameters):


    max    x 1  , ⋯ ,    x n       π  Q P   =   ∑  i = 1  n    [   p i   (   x i   )   y i  −  c i   ]   x i  N  F i   



(1)






   p i   (   x i   )  =  d i  − 0.5  q i   x i   



(2)






    s . t .     ∑  i = 1  n    x i  N  F i  ≤  b 0   



(3)






   l i   x i  ≤  b i   



(4)






   x i  ≥ 0  



(5)




where the parameters    y i   ,    c i   ,   N  F i   ,    l i   ,    b 0   , and    b i    are specified based on the statistical dataset described in the latter part of this section, while the parameters    d i    and    q i    are to be calibrated. Following the assumption described above, the parameter    d i    must be greater than zero and the parameter    q i    must be either greater than or equal to zero.



EFI was defined in the present study by


  E F  I i  = −   d  p i   (   x i *   )    d  x i         x i *     p i   (   x i *   )     



(6)




where the asterisk indicates that the variable is evaluated at the optimum solution. EFI is the index to quantify the percentage by which farmers’ expectation toward the farm-gate price falls in response to an increase in land area allocated to the crop by one percent. The assumption   d  p i   (   x i   )  / d  x i  ≤ 0   gives   E F  I i  ≥ 0  . The minimum value of EFI is zero and the maximum value does not exceed one (see Appendix A). Zero EFI indicates that farmers expect the farm-gate price to be independent of their decision making on the land area allocated to the crop. This can happen when farmers face a perfectly competitive crop market without intervention. Otherwise, EFI takes a positive value. A greater EFI indicates that farmers expect the farm-gate price to drop greatly. In other words, they receive less incentive to increase the land area allocated to the crop in question.



As a situation to make EFI great, one can imagine a crop, a large part of whose farm-gate price consists of the subsidy payment by the government. Wheat falls in this category, with the percentage of subsidy payment to the farm-gate price (hereafter the subsidy rate) exceeding 70% on average [22] (Table A1 in Appendix B). Because subsidies are budgetarily constrained, few farmers would increase the production area knowing that subsidies are not likely to cover the grain obtained from the additional acreages. Namely, the EFI would rise with increasing subsidy rates. As for rice, the subsidy rate is basically low and does not exceed 10% (Table A1). It is therefore postulated, as a first working hypothesis in the present study, that the EFI of wheat is greater than that of rice. Additionally, as shown in Equation (6), the EFI is calculated by dividing the rate of the expected price change by the rate of acreage change. This means that the change in acreage itself increases with the farm scale. Thus, it was assumed as a second working hypothesis in the present study that the EFI of rice increases with the farm scale. Focus was placed on rice in the second hypothesis, intending to discuss the impacts of the acreage control program on rice production by showing some key arguments held in Japan. In order to help readers follow the present study, a piece of information is provided that the rate of restriction is uniform irrespective of the farm scale as to the acreage control program [23,24].




2.2. Calibration Procedure


For the calibration of    d i    and    q i   , standard PMP prepares the following LP model [25]:


    max    x 1  , ⋯ ,  x n       π  L P   =   ∑  i = 1  n    (   p i   y i  −  c i   )   x i  N  F i   



(7)




  s . t .     Equations (3)–(5) and


    x i  ≤  x i  o b s   +  ε i            [  ρ i  ]   



(8)




where    p i    is a parameter that is specified on the basis of statistical data as well as    y i   ,    c i   ,   N  F i   ,    l i   ,    b 0   , and    b i   .    x i  o b s     is the observed value of    x i    in the base year, and    ε i    is a positive number close to zero. Equation (8) prevents    x i    from exceeding    x i  o b s    . The dual variable associated with Equation (8) is expressed as    ρ i   . The dual variable    ρ i    is an indicator of whether the LP model without Equation (8) reproduces the observed value of the primal variable as the result of optimization. Unless the optimum value    ρ i *    is zero for all  i , the LP model (3)–(5), (7) is interpreted as “false”. This is because the LP model (3)–(5), (7) deviates from the observed land allocation. PMP attributes the deviation, measured by    ρ i ⋆   , of the LP model (3)–(5), (7) to a misspecification of the objective function. The misspecification is reflected in “true” objective function, which is nonlinear in variables. Equation (2) enables the nonlinearization of the objective function in the present study.



Given that the optimum dual variables associated with Equations (3) and (4) coincide with both the QP model (1)–(5) and the LP model (3)–(5), (7), (8), the necessary conditions for optimizing the models derive linear equations of    d i    and    q i   :


   p i   y i  N  F i  −  ρ i ⋆  =  d i   y i  N  F i  −  q i   x i  o b s    y i  N  F i   



(9)




Equation (9) indicates how the parameters    d i    and    q i    should be calibrated so that the QP model (1)–(5) exactly reproduces the observed land allocation in the base year. However, a unique solution could not be found for Equation (9) with respect to the unknown parameters    d i    and    q i   , unless additional information were supplied [15,16]. As known as an ill-posed problem [26], many combinations of the parameters    d i    and    q i    can satisfy Equation (9). The theoretical feature that any combination satisfying Equation (9) reaches the identical solution in the base year does not guarantee the same phenomena occurring in cropping years other than the base year [15,16].




2.3. Selecting Calibration Methods


The calibration method employed in the present study followed the procedure previously published [17,27]. Decomposition of Equation (9) gives Equations (10) and (11).


   d i  = s  p i  − t    ρ i *     y i  N  F i       



(10)






   q i  = −    (  1 − s  )     p i   y i  N  F i  −  (  1 − t  )   ρ i *     y i  N  F i   x i  o b s        



(11)




where  s  and  t , respectively, denote the allocation rates of    p i   y i  N  F i      and   –  ρ i ⋆    to    d i   y i  N  F i    in Equation (9). Because Equations (10) and (11) satisfy Equation (9), a feasible set of    (  s , t  )    corresponds to a calibration method of the parameters    d i    and    q i   , which satisfies Equation (9). This   s − t   or two-parameter approach can be postulated as an extension of the original approach [28]. The extended version has the strength already described in the previous work [27].



In the present study, a square was defined so that   1 ≤ s ≤ 2   and   − 1 ≤ t ≤ 0  . The points located on the grids inside the square as well as the square sizes were the target of the examination. The employment of grid spacing of 0.1 from the origin both in the  s  and  t  axes resulted in 121 sets of    (  s , t  )   , from which the same number of calibration methods were generated. For example, consider the set    (  s , t  )  =  (  1 , − 1  )    as Point A. Point A leads to the calibration method    d i  =  p i  +  ρ i *  /  y i  N  F i    and    q i  = 2  ρ i *  /  y i  N  F i   x i  o b s    . This calibration method ensures the accurate reproduction of the observed levels of the farm-gate price and profit for each production process as well as the observed land-area allocation in the base year [17,19]. Point A was set as baseline in the present study.



For each set of     s    and    t  , the parameters    d i    and    q i    were calculated in the base year, and the QP model (1)–(5) was optimized using the parameter values of    y i   ,    c i   ,   N  F i   ,    l i   ,    b 0   , and    b i    in multiple cropping years including the base year. The best combination of  s  and  t  was considered to make percentage absolute deviation (PAD) minimum for the multiple cropping years. PAD was calculated in two directions between the observed and the optimum land allocation and between the observed and the simulated crop price:


  P A  D  l a n d     =  1 m    ∑  j = 1  m     ∑  i = 1  n    w  i j      |   x  i j  *  −  x  i j   o b s    |     x  i j   o b s     × 100  



(12)






  P A  D  p r i c e   =  1 m    ∑  j = 1  m     ∑  i = 1  n    w  i j      |   d i  − 0.5  q i   x  i j  *  −  p  i j    |     p  i j     × 100  



(13)




where  j  stands for the cropping year and    w  i j     is the weighing factor,    w  i j   = N  F  i j   /   ∑  i = 1  n   N  F  i j     to calculate the regional value. The mean of   P A  D  l a n d       and   P A  D  p r i c e     was calculated as


  P A  D  m e a n   = 0.5  (  P A  D  l a n d   + P A  D  p r i c e    )   



(14)







The set of    (  s , t  )    that minimizes   P A  D  m e a n     was selected to determine the most suitable calibration method. For the references,   P A  D  l a n d      ,   P A  D  p r i c e    , and   P A  D  m e a n     were evaluated only in the base year and referred to as   P A  D  l a n d   b a s e    ,   P A  D  p r i c e   b a s e    , and   P A  D  m e a n   b a s e    , respectively.




2.4. Dataset


The procedure to select the calibration methods was applied to nine regions for rice and three regions for wheat (Figure 1). The data series sorted for farm scales (Figure A1) were obtained from the Production Costs for Rice and Wheat (Farm Households) between 2011 and 2018 [22]. Possible combinations by matching regions and years were 72 and 24 datasets for rice and wheat, respectively, where nine and two combinations had to be treated as missing values for the former and the latter.



The detailed explanations for    p  i j    ,    y  i j    ,    c  i j    ,    f  i j    ,    l  i j    ,    b  0 j    ,    b  i j    , and    x  i j   o b s     are described below.



   p  i j    : Farm-gate price including the subsidy of the crop for each year in Japanese Yen per kilograms (Yen kg–1), where the price for each crop is calculated by dividing revenues from production by the quantity of crop supplied;



   y  i j    : Yield of crop per unit area (in kg ha–1);



   c  i j    : Sum of the variable cost, in Yen ha–1, for purchasable inputs of seed, fertilizers, agricultural chemicals, electricity and fuels, and other materials per unit area;



  N  F  i j    : Number of surveyed farms;



   l  i j    : Annual labor hours required for crop production per unit area (in h ha–1);



   b  0 j    : Sum of the observed land use area for crop production (ha);



   b  i j    : Labor hour constraint for crop production per year (h);



   x  i j   o b s    : Observed land area allocation to crop production (ha);



The QP model (1)–(5) was calibrated setting the dataset of the latest year as the base year and evaluated using all the available datasets irrespective of crop and region. For the numerical computation, the General Algebraic Modeling System (GAMS) version 27.2 was used.




2.5. Calculation of EFI and Statistical Analysis


Once the parameters    d i    and    q i    were calibrated, the EFI was calculated by Equation (15) derived from Equations (2) and (6):


  E F  I  i j   =   0.5  q i   x  i j  *     d i  − 0.5  q i   x  i j  *     



(15)




where  i  and  j  denote the farm scale category and cropping year, respectively. Calculated values of EFI were subjected to statistical analysis. Analysis of variance (ANOVA) and multiple comparisons with the Scheffé method were performed to test two hypotheses related to the working hypotheses described in Section 2.1. Hypothesis 1, derived from the first working hypothesis, is that neither crops nor regions affect EFI. Hypothesis 2, derived from the second working hypothesis, is that neither the farm scales nor regions affect the EFI of rice. The dataset to test Hypothesis 1 included only three regions (the Hokkaido, Kanto-Tosan, and Kyushu regions) due to the data availability related to wheat (Figure A2). The dataset to test Hypothesis 2 included nine regions (Figure A3). The SPSS statistical program version 28 (IBM) was used to analyze the results. All significant results are referred to at the 5% level unless otherwise specified.





3. Results


3.1. Selected Calibration Methods and Model Evaluation


The QP model (1)–(5) was applied to target crops in the base year. The computed results of rice in the Hokkaido region are presented in Figure 2, which consists of   P A  D  l a n d   b a s e    ,   P A  D  p r i c e   b a s e    , and   P A  D  m e a n   b a s e    . The computed value of   P A  D  l a n d   b a s e     was equal to zero irrespective of    (  s , t  )    (Figure 2a), while that of   P A  D  p r i c e   b a s e     was equal to zero only at Point A,    (  s , t  )  =  (  1 , − 1  )    (Figure 2b). This indicates that only the calibration method corresponding to Point A made the QP model (1)–(5) accurately reproduce the observed levels of farm-gate prices as well as the observed land allocation in the base year. This result was also supported by the observation that the computed values of   P A  D  m e a n   b a s e     were the smallest and equal to zero at Point A (Figure 2c). This performance of the benchmark case in the base year was confirmed in all regions and crops considered in the present study and are therefore not presented.



Corresponding to the base year in Figure 2, the results of the multiple cropping years are presented in Figure 3. The computed values of   P A  D  l a n d     and   P A  D  p r i c e     were 2.6% and 13.9% at Point A (Figure 3a,b). Unlike the base year alone, the values were neither zero nor the smallest. The computed value of   P A  D  m e a n     was 8.3% at Point A (Figure 3c). This was 40th from the smallest value of   P A  D  m e a n     out of the 121 sets of    (  s , t  )    described in Section 2.3. The smallest value of   P A  D  m e a n     was explored from the 40 sets of    (  s , t  )    colored in pink in Figure 3c. This was obtained at Point B,    (  s ,   t  )  =  (  1.4 , − 0.2  )    (Figure 3c). At Point B, the computed value of   P A  D  m e a n     was 5.4%, which was smaller by 2.9 percentage points than the value at Point A (Figure 3c). Point B was selected to calibrate the QP model (1)–(5) for the rice case in the Hokkaido region.



The rest of the results are summarized in Table 2. The minimum value of   P A  D  m e a n     was, in most regions, less than 10% or even less than 5%. Two cases (rice in the Kanto-Tosan and the Tokai regions) where   P A  D  m e a n     exceeded 10% stayed within the practical threshold of 15% [29] (p. 271). Therefore, the calibration methods were successfully selected in the present study.




3.2. EFI and ANOVA Results


Table 3 presents the ANOVA results of the EFI for two hypotheses, Hypothesis 1 and 2. As to the former, there was a significant interaction between crops and regions (  p < 0.001  ). As shown in Figure 4, the EFI was greater for wheat than for rice in the Kanto-Tosan region, which was in accordance with the first working hypothesis described in Section 2.1. This, however, did not hold for the Hokkaido and the Kyushu regions, which was against the initial postulation. Thus, one cannot say that the EFI of wheat is greater than that of rice. The estimated EFI value of rice was 0.78, 0.58, and 0.74 in the Hokkaido, the Kanto-Tosan, and the Kyushu regions, respectively, and that of wheat was 0.69, 0.76 and 0.69, correspondingly. It was 0.70 when averaged over rice and wheat. Regarding the latter hypothesis, no interaction was observed between the farm scales and regions (Table 3). The EFI was significantly affected by the farm scales (  p < 0.001  ) and by regions (  p < 0.001  ). As displayed in Figure 5a, EFI was significantly greater for the farm scale above 1 ha than for that below 1 ha (  p < 0.001  ). Contrary to the first working hypothesis, the outcome of the second working hypothesis was in accordance with the initial expectation. Figure 5b shows that the regions showing especially greater EFI were the Hokkaido and the Kyushu regions. The Kanto-Tosan and the Tokai regions showed significantly smaller EFI than any other region.





4. Discussion


In the present study, an exploration was made to widen the application area of the PMP approach. The attempt successfully quantified, through indexing, farmers’ expectation toward the farm-gate prices of rice and wheat under the acreage control program. The reason why we did not employ a more popular econometric approach [30,31] is because it is not necessarily good at treating the targets of policies [15,16]. The merit of applying the PMP approach to this subject can be summarized as the explicit inclusion of the target of a policy of interest. In the present study, the land-area constraint in Equation (3) was the target of the acreage control program. By employing the recently proposed method [27] instead of standard econometric estimation methods, it became possible to provide a basis to discuss the formation processes of farmers’ attitudes toward the policy measures. It can therefore be deduced from the present study that the PMP approach has the potential to reveal farmers’ perceptions of the policy measures in other countries.



Considering that the EFI takes a value between zero and one (Appendix A), the EFI of 0.70 observed in the present study was large. This can be interpreted that farmers receive little incentive to expand the production area allocated to rice and wheat. This also suggests that PMP studies assuming the EFI to be zero are overly optimistic about farmers’ expectation toward farm-gate prices under the current policy in Japan. The reason for poor motivation to grow wheat can be speculated rather easily. Subsidies to form a large part of the income for wheat (exceeding 70% on average, Table A1) are budgetary constrained, as indicated in Section 2.1. Interestingly, the EFI of rice was comparable to or even greater than that of wheat in the Hokkaido and the Kyushu regions (Figure 4). In other words, farmers have less incentive to produce rice. This is contrast to our initial view. What lies behind the poor motivation? Is the tiny subsidy rate bound to rice, roughly one-tenth of that of wheat (Table A1), not a guarantee for farmers to act according to the market forces?



The answer to this question could be found in the history back in 1969 when the acreage control program was installed. As is often the case with paddy-based rural areas, a single decision to represent the community must be made. Common infrastructure to form the foundation of a paddy-based community, especially irrigation facilities, would not allow an individual farmer to pursue his/her own benefit by paying little attention to neighbors [7,32,33]. Rural communities based on other grains such as wheat and maize may be influenced by drying and storing facilities that are regarded as common infrastructure. The magnitude of the impact of water-related facilities to paddy communities, however, is even greater. Therefore, farmers are inevitably influenced by the will of the community. In addition, a cooperative attitude to communities, often told as a virtue of the Japanese, could turn into obedience to authority [8] (pp. 12–13). This virtue could strengthen a once-established, so to speak, bureaucratic system, even if it were not fit for the times. The participation to the acreage control program was conducted on a voluntary basis. However, one can imagine that it is not very easy for a single farmer to go against the will of the community. With the domestic rice consumption continuing to slump, it is not surprising that the EFI has remained high. The relatively low EFI observed in the Kanto-Tosan region (Figure 4), which includes the Tokyo metropolitan area, Japan’s largest consumer area, may support this view.



Over 50 years of history of the policy, a uniformly imposed rate of restriction on farms, irrespective of scale, as mentioned in Section 2.1, has particularly been a target of criticism. A view that the uniform rate of restriction has been a cause of provoking farmers to harbor ill-feeling against the policy is in line with the majority view of agricultural economists in Japan, who are concerned that large-scale farmers could possibly be discouraged by the restricting policy imposed at the uniform rate [23,24,34,35]. The present study verified the established view from farmers’ price expectation toward the farm-gate price of rice, implying that larger farmers have been affected more by the policy. It should be noted that the recent advent of megafarms or corporative farms over 100 ha was out of the scope of the present study. Apparently, the EFI differed more greatly among regions (Figure 5), suggesting that farmers’ willingness to increase their acreage may be influenced by geographic locations. In other words, farmers in some regions may have experienced the impacts of the policy more strongly than those in other regions, which has been going unnoticed.



The consequence of joining in the acreage control program was, however, probably not felt to be damaging due to the successful industrialization, which created abundant employment in the 1970s. A younger generation of farm household was employed, providing off-farm income to the household, while their parents and grandparents kept being engaged in agriculture [6] (pp. 83–89) [8] (pp. 16–19). Agricultural mechanization, supported by off-farm income, advanced quickly in this environment. According to the agricultural census [36], part-time farm households accounted for 86% of total farm households in 1985. The collapse of Japan’s “bubble economy” in the early 1990s, followed by the long-lasting deflation, was experienced as a deteriorated environment in seeking employment in rural areas. This weakened the precondition to support the structure of rural areas that relied on off-farm income. It is not surprising that the pandemic of COVID-19 made the situation even worse [37,38]. The year 2019 is recalled as a year when the agricultural sector in the world was challenged by a number of hardships such as supply chain disruption by the pandemic, occurrences of floods, and locust attacks [39,40,41,42]. In Japan, impacts of these events might have been felt by vulnerable population groups as deteriorated community functions, considering that the suicide rates worryingly increased, especially among females and children and adolescents from July to October in 2020 [38].



Looking at the brighter side of this rather pessimistic story, so far, Japan is a country blessed with warm temperature and ample precipitation to grow crops. The necessity to adopt the acreage control program might be a hidden indicator that people would not have to starve in this country. Our previous study [43] showed that Japan and the Korean Peninsula have favorable climate zones to produce japonica rice. Abandoned paddies that currently appear to be a burden to many municipalities in Japan could be turned into treasures, if the socio-economical limit was lifted. It is regrettable that a high EFI was observed, especially with farmers producing rice operating on large scales. To globally feed a population of nearly eight billion, the unutilized capacity of large-scale farms as well as farms located in undermined regions may deserve treatments other than being restricted and controlled. Possibly understanding the situation, the Japanese government has been encouraging rice exports since 2017. This might help Japan contribute to the global food production, especially to food security in East Asia.




5. Conclusions


While food security has been drawing global attention, some countries are still exercising restraint measures to deal with the domestic issue of overproducing major cereal crops. In the present study, an index called the EFI was introduced to quantify farmers’ expectation toward farm-gate prices, targeting rice and wheat production under the acreage control program in Japan. The quantification of EFI was enabled by using the PMP approach, the application of which in this usage is the first attempt to grasp the formation processes of farmers’ attitudes toward policy measures. The analysis showed that the EFI for rice and wheat was generally high, indicating that the farmers’ willingness to increase the production of both crops was low. Regarding the differences in the EFI between regions, relatively lower EFI values were observed in the regions close to the Tokyo metropolitan area than those located far away from it. A recent change in policy direction to enhance exports of rice by the Japanese government might not only activate farmers, but also contribute to food security in East Asia. It was possible to utilize EFI as an informative tool to monitor the willingness of farmers to grow cereal crops under the existing policy in Japan. PMP was considered to be a promising approach of immense potential that can embrace traditional applications as well as explore a new frontier, as exhibited in the present study.
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Appendix A. Mathematical Background Proving    E F  I i  < 1   


Assume that   E F  I i  ≥ 1  , and farmers expect revenue    p i   y i   x i    not increasing in response to increase in land area    x i   . The increase in land area    x i    leads to an increase in variable cost    c i   x i    for purchasable inputs. These result in decreasing expected profit    p i   y i   x i  −  c i   x i   , which contradicts the assumption that farmers pursue the maximization of the expected profit. Thus, such farmers do not operate farming in the range of   E F  I i  ≥ 1  . This can be formally shown as follows.



The optimum condition of the QP model (1)–(5) derives


   p i   (   x i *   )   y i  N  F i  +   d  p i   (   x i *   )    d  x i     y i   x i *  N  F i  −  c i  N  F i  −  λ *  N  F i  −  μ i *   l i  = 0  



(A1)




where  λ  and    μ i      are nonnegative dual variables associated with Equations (3) and (4), respectively. This can be written as


  E F  I i  = 1 −    c i     p i   (   x i *   )   y i    −    λ *     p i   (   x i *   )   y i    −    μ i *   l i     p i   (   x i *   )   y i  N  F i     



(A2)







Thus, the EFI does not exceed one.




Appendix B. Detailed Explanations as to the Dataset Used in the Present Study
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Table A1. The percentage of subsidy payment to the farm-gate price of rice (a) and wheat (b) averaged during 2011–2018.
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(a) Rice




	

	

	

	
1.0–2.0 ha

	
2.0–3.0 ha

	
3.0–5.0 ha

	
5.0–7.0 ha

	
7.0–10.0 ha

	
10.0–15.0 ha

	
15.0 ha<




	
Hokkaido

	

	

	
9.8

	
8.7

	
9.7

	
8.4

	
8.1

	
7.9

	
9.7




	

	
<0.5 ha

	
0.5–1.0 ha

	
1.0–2.0 ha

	
2.0–3.0 ha

	
3.0–5.0 ha

	
5.0 ha<

	

	

	




	
Tohoku

	
5.6

	
6.4

	
7.5

	
8.1

	
8.4

	
8.8

	

	

	




	
Hokuriku

	
6.1

	
7.3

	
7.6

	
8.5

	
7.0

	
7.7

	

	

	




	
Kanto-Tosan

	
2.5

	
3.8

	
4.5

	
5.6

	
6.5

	
7.0

	

	

	




	
Kyushu

	
5.6

	
6.8

	
8.6

	
8.7

	
7.8

	
10.3

	

	

	




	

	
<0.5 ha

	
0.5–1.0 ha

	
1.0–2.0 ha

	
2.0–3.0 ha

	
3.0 ha<

	

	

	

	




	
Tokai

	
2.4

	
7.1

	
6.0

	
3.3

	
6.0

	

	

	

	




	
Kinki

	
2.1

	
3.5

	
6.1

	
5.8

	
6.2

	

	

	

	




	
Chugoku

	
4.6

	
5.9

	
6.9

	
8.8

	
9.5

	

	

	

	




	
Shikoku

	
8.6

	
5.5

	
9.6

	
8.9

	
4.7

	

	

	

	




	
(b) Wheat




	

	
<0.5 ha

	
0.5–1.0 ha

	
1.0–2.0 ha

	
2.0–3.0 ha

	
3.0–5.0 ha

	
5.0–7.0 ha

	
7.0–10.0 ha

	
10.0 ha<

	




	
Hokkaido

	

	

	

	
78.9

	
76.5

	
75.2

	
73.3

	
71.9

	




	
Kanto-Tosan

	
62.0

	
84.2

	
82.2

	
86.0

	
84.8

	
84.5

	
83.7

	
86.5

	




	
Kyushu

	
46.3

	
81.8

	
82.0

	
78.3

	
81.9

	
83.1

	
84.4

	
85.5

	








Note: expressed in %; Data source, MAFF [22].
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Figure A1. Farm scale categories for rice (a) and wheat (b) in the original reference [22]. 
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Figure A2. Farm scale categories for rice (a) and wheat (b) adjusted to test Hypothesis 1. 
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Figure A3. Farm scale categories for rice adjusted to test Hypothesis 2. 
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Figure 1. Regional classifications in Japan as per the jurisdiction by the Regional Agricultural Administration Offices. 
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Figure 2. Computed values of   P A  D  l a n d   b a s e     (a),   P A  D  p r i c e   b a s e     (b), and   P A  D  m e a n   b a s e     (c) in the base year, rice case in the Hokkaido region. Note:   P A  D  l a n d   b a s e    ,   P A  D  p r i c e   b a s e   ,   and   P A  D  m e a n   b a s e    , expressed in %; Point A,    (  s , t  )  =  (  1 , − 1  )   . 
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Figure 3. Computed values of   P A  D  l a n d     (a),   P A  D  p r i c e     (b), and   P A  D  m e a n     (c) in multiple cropping years in the rice case in the Hokkaido region. Note:   P A  D  l a n d    ,   P A  D  p r i c e     and   P A  D  m e a n    , expressed in %; Point A,    (  s , t  )  =  (  1 , − 1  )   ; Point B,    (  s ,   t  )  =  (  1.4 , − 0.2  )   . 
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Figure 4. Estimated EFI values of rice and wheat for the regions. 
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Figure 5. Estimated EFI values of rice for the farm scales (a) and for regions (b). Note the different letters such as a, b, and c, which indicate significant differences. 
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Table 1. Definitions of the variables and parameters in the quadratic programming model.
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Variables




	
    x i    

	
Land area allocated to a given crop in the farm-scale category denoted as  i 




	
    p i   (   x i   )    

	
Farmers’ expectation toward the farm-gate price including the subsidy of the crop




	
Parameters




	
    d i    

	
Constant term of the farm-gate price expectation formula to be calibrated




	
    q i    

	
Linear coefficient of the farm-gate price expectation formula to be calibrated




	
    y i    

	
Yield of the crop per unit area




	
    c i    

	
Sum of the variable cost for purchasable inputs per unit area




	
   N  F i    

	
Number of farms considered in each farm scale category




	
    b 0    

	
Land area constraint




	
    l i    

	
Labor hour per unit area




	
    b i    

	
Labor hour constraint
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Table 2. Selected    (  s , t  )   ,   P A  D  m e a n     corresponding to the selected    (  s , t  )    and model evaluation.
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Rice

	
Wheat




	
     (  s , t  )     

	
PADmean

	
ME

	
     (  s , t  )     

	
PADmean

	
ME






	
Hokkaido

	
    (  1.4 , − 0.2  )    

	
5.4

	
G

	
    (  1.0 , − 0.7  )    

	
4.1

	
E




	
Tohoku

	
    (  1.2 , − 0.6  )    

	
8.3

	
G

	

	

	




	
Hokuriku

	
    (  1.0 , − 0.9  )    

	
8.1

	
G

	

	

	




	
Kanto-Tosan

	
    (  1.5 ,   0.0  )    

	
11.5

	

	
    (  1.1 , − 0.8  )    

	
6.1

	
G




	
Tokai

	
    (  1.4 ,   0.0  )    

	
14.8

	

	

	

	




	
Kinki

	
    (  1.0 , − 1.0  )    

	
5.8

	
G

	

	

	




	
Chugoku

	
    (  1.4 , − 0.5  )    

	
4.1

	
E

	

	

	




	
Shikoku

	
    (  1.1 , − 0.6  )    

	
8.0

	
G

	

	

	




	
Kyushu

	
    (  1.0 , − 1.0  )    

	
5.7

	
G

	
    (  1.7 , − 0.1  )    

	
5.1

	
G








Note: PADmean, expressed in %; ME, model evaluation; E, exceptional: PADmean < 5%; G, good: PADmean < 10%.
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Table 3. The ANOVA results of the EFI for two hypotheses.
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	Hypothesis 1
	Hypothesis 2





	Crop
	ns
	–



	Region
	***
	***



	Farm scale
	–
	***



	Crop × Region
	***
	–



	Farm scale × Region
	–
	ns



	Year
	***
	***



	D.F.
	219
	251







Note: ***,   p < 0.001  ; ns, not significant.
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