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Abstract. The reform of Corn market-oriented reform of the purchasing and stor-
age system is an important initiative of our food and agriculture subsidy reform.
Using the panel data of the main corn producing areas from 2004 to 2023, based
on the super-efficient DEA model to measure the TFP in the period of the storage
system reform, and based on the double-difference model, this paper explores the
actual impacts of the policy implementation and the reform adjustment on the
total factor productivity of corn. The results show that the implementation of the
storage system policy hinders the effective growth of corn TFP to a certain extent.
For corn TFP, the dampening effect of the support policy did not show strong
persistence. This "negative productivity effect" is mainly due to the failure of
market-oriented reform of the purchasing and storage policy to provide effective
income incentives for corn farmers, which in turn affects their wealth accumula-
tion. This suggests that the role of TFP improvement should not be overesti-
mated. It is thus proposed that the reform direction of corn producer subsidies
should be adhered to, giving fuller play to the role of the market mechanism.
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1 Introduction

Food security is "the most important thing of the country”, which is related to the sur-
vival and development of the nation, and is a fundamental issue for the sur-vival of
mankind. Among related policies, the reform of the temporary storage poli-cy is a key
part of China's food support policy system. Between 2008 and 2015, China's corn pro-
duction showed a significant growth trend. corn production was 172.11 million tons in
2008 and increased to 264.99 million tons in 2015. after the implementation of the pro-
ducer subsidy policy in 2016, the country adjusted its temporary storage policy to a new
mechanism of market-based purchases plus subsidies, and domestic corn entered the
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challenge of de-stocking. The inflexible policy may mislead farmers' production deci-
sions and cause market supply imbalance, and the crude subsidy distribution by area
exacerbates the productivity gap between farmers. Under the guidance of green devel-
opment, the future corn production increase method must realize the change from the
crude type to the green ecological type, and TFP is the key link.

Corn subsidy policy has experienced two stages: temporary storage policy and pro-
ducer subsidies. One viewpoint is that the price support policy can positively incentiv-
ize the allocation level and thus increase TFP. The effect of producer subsidies on corn
yield varies with provinces. Since the introduction of the producer subsidy policy!'], it
has played a positive role in enhancing market competitiveness and promoting the im-
provement of downstream enterprises' operations. However, another viewpoint sug-
gests that the effectiveness of the policy in ensuring farmers' interests and optimizing
planting structure is unclear. The adjustment of subsidy policy has proved to be effec-
tive in improving the overall productivity of corn when other policy factors are ex-
cluded, and this effect is stable and reliable?l. However, such reforms may also exac-
erbate the gap in production efficiency among farmers. The implementation of the stor-
age system on the factor allocation efficiency of corn production has a negative impact
on the "price and subsidy" poli-cy to weaken the system for the inhibition of corn factor
allocation efficiency®®l. So, what is the implementation mechanism behind the reform
of corn storage system? Can the corn price subsidy policy have a positive impact on
corn TFP? How can current and future policies effectively guide and promote corn
productivity? Answering the above questions has a significant practical value and far-
reaching impact on the improvement of total factor productivity (TFP) in China and the
optimization of the current corn producer subsidy policy.

2 Model

To study the impact of policies on total factor productivity based on the rational small-
holder assumption that farmers make discretionary decisions on the basis of the risks
and returns faced by input factors in order to maximize their income. We regard this as
a "near-natural experiment" scenario. It is more accurate to assess the impact of the
policy reform on the target variables. By considering the corn storage system reform as
a "quasi-natural experiment". The double-difference meth-od provides a powerful tool
for assessing the effects of the policy by constructing an experimental group (i.e., pol-
icy-implemented regions) and a control group (i.e., non-policy-implemented regions).
By calculating the difference between the two, we are able to accurately quantify the
net effect of the storage system reform on corn TFP in the policy implementation re-
gion. By examining the data, there is no significant difference in coefficients between
the two groups of areas, satisfying the parallel trend test.

The DID model was used to examine the changes in corn TFP brought about by the
implementation of the producer subsidy policy, based on the model regression set as
follows:

Y= B+ Pid+@(Sxlo)+@ 3 Control+p,+g5,+ ¢, (1)



70 F. Yang et al.

Where i denotes different provinces and t denotes time; Yii+ is the maize TFP in the
year after; treat is a policy dummy variable that is set to 1 if the region is affected by
the reform of the storage system, i.e., in the treatment group, Heilongjiang, Jilin, Liao-
ning, and Inner Mongolia Autonomous Regions, and 0 if it is not affected by the region.
did is a key variable for the policy effect, the product term of the implementation area
dummy variable and the policy implementation time dummy variable, o; is the individ-
ual fixed effect, which is used to control for all the factors of the individual that do not
change over time; o, is the point-in-time fixed effect; 3, 6, and ¢ are the parameters to
be estimated; and ¢ is the random error term. Control variables include irrigation rate,
culture level of farm households, disaster rate, and the proportion of primary industry.
This paper takes 2008 and 2016 as time nodes, and takes the policy-implementing re-
gions and non-policy-implementing regions as the experimental group and the control
group to conduct a comparative quantitative study.

This paper selects the 2006-2023 Heilongjiang Province, Jilin Province, Liaoning
Province, the Inner Mongolia Autonomous Region (the policy implementation area),
and Hebei Province, Shanxi Province, Jiangsu, Anhui, Shandong, Hubei, Guangxi, Si-
chuan, Guizhou, Yunnan, Gansu, and Xinjiang Uygur Autonomous Regions (non-pol-
icy implementation areas) to analyze the panel data for maize TFP factor inputs, and
the data for control variables are mainly from the National Compendium of Cost and
Benefit of Agricultural Products, and the data for the control variables are mainly from
the China Agricultural Yearbook and the China Rural Statistical Yearbook.

The total factor productivity of maize is measured as follows. DEA model is widely
used in the research of TFP because it does not require the specification of production
function and its result is endogenous from the data, thus avoiding the deviation caused
by the function setting!. It is hypothesized that the input-output data for the decision-
making units are accurate and reliable and comparable across the decision-making
units. To overcome the limitation about the range of 0 to 1 in calculating TFP values,
in 1995, Anderson proposed the super-efficiency DEA (SE-DEA) model, which is a
much-improved model. The model can more accurately evaluate DMUs located at the
efficiency frontier. The changes of TFP are also reflected in the changes of input factors
and output factors?®.. Thus, the SE-DEA model is set to represent the TFP of maize with
the following expression:
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In Eq. (2), is the TFP value of DMU; Y is the output matrix, mainly the yield per
unit area of maize; x is the input matrix, mainly including fertilizer, machinery, labor,
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and the number of seed per acre, etc.; A is the decision variable; and s is the slack var-
iable.

3 Results

In delving into the impact of the producer subsidy policy on maize production, we care-
fully divided the eighteen provinces based on the principle of applying the DID (differ-
ence-in-difference) model. Specifically, we divided these provinces into an experi-
mental group (i.e., areas where the policy was implemented) and a control group (i.e.,
areas not covered by the policy) based on whether the producer subsidy policy was
implemented or not. In addition, to further reveal the dynamics of the policy effect, we
divided the study period into the policy implementation period (i.e., from 2008 to 2015)
and the policy after-effects period (i.e., from 2016 to the present). By applying the SE-
DEA model, we quantify the mean changes in maize total factor productivity (TFP) for
the control and experimental groups during these two periods.

According to the logic of the producer subsidy policy applied in the DID model, this
paper divides the eighteen provinces into a control group and an experimental group
according to the policy non-implementation area and the policy implementation area,
and according to the different phases of the policy, respectively, before the implemen-
tation of the temporary storage policy (2006-2007) and the implementation phase of the
temporary storage policy (2008-2015) and the implementation stage of the producer
subsidy policy (2016-2022) is divided into three stages. Using Maxdea9 software, the
results of the mean change before and after the three phases of the policy are shown in
Table 1. From the difference-in-differences results, it can be seen that the emergence
of the reform of the temporary storage system may have played an inhibitory role in the
growth rate of corn's total factor productivity, ranging from 0.069 before the implemen-
tation of the price policy to 0.010 under the temporary storage policy to 0.024 under
the ongoing implementation of producer subsidy policy. Regarding the question of
whether this change should be attributed to the driving force of the policy change, it is
yet to be exhaustively tested and analyzed through empirical studies in the subsequent
chapters to ensure the reliability of its causality.

Table 1. Changes in the mean value of corn TFP before and after the implementation of the
price support policy

. Market-oriented
Before price arketoriente Producer
reform of the pur-

licy T - i 1-
Variable Group potiey tetmpo chasing and stor- sub51.dy po
rary storage 1cy
age system

2006-2007 2008-2015 2016-2023
Mean corn Control subjects 0.862 0.902 0.802
TEP Experimental group 0.931 0.892 0.826
Increment 0.069 0.010 0.024

Based on the above study, an average effect test for the impact of the corn producer
subsidy policy on changes in corn TFP is derived. Using the policy implementation
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year of producer subsidies, 2016, as the policy shock node. The reform of the policy in
2016 is not very significant in the current impact on corn, so this paper considers the
lagged impact of the policy, the analysis later in this paper lagged a period of 2017 as
a policy shock for regression (Table 2).

Table 2. The Impact of Storage System Reform on Corn TFP

Variabl TFP
ariable
@ 2 3)
did 0.015 -0.081%* -0.092%**
(0.018) (0.043) (0.035)
A f licy imple-
rea sown be (.)re policy imple o 0.000%** o
mentation*post
(0.000)
Area sown befor? policy imple- o o -0.000**
mentation*t
(0.000)
Area sown befor.e policy imple- o o 0.000%*
mentation*t?
(0.000)
A bef licy imple-
rea sown be or.e p: z1cy imple - o -0.000*
mentation™t-
(0.000)
control variable No Yes Yes
time fixed effects Yes Yes Yes
entity fixed effects Yes Yes Yes
R? 0.454 0.486 0.492

In the comprehensive analysis, we found that the effect of producer subsidy policy
has a negative effect on improving the total factor productivity of corn, which is in
sharp contrast to some previous studies. For example, studies by scholars!® found the
area of wheat TFP found a positive effect of subsidy policy; meanwhile, studies by
Wang Ou et al. for other food crops also showed the effect of agricultural subsidies in
promoting TFP. However, the results of our study in the field of corn are contrary to
the views of some academics, and there may be multiple reasons behind this.

In terms of the wealth effect, the reform of the storage system could lead to a little
decline in corn returns in the current year (Table 3), an outcome that usually implies
the introduction of a market-based pricing mechanism, which would make the price of
corn more subject to the market's supply-demand relationship. During the initial period
of the reform, the market may take some time to adjust to the new pricing mechanism,
during which price volatility may be high. The reform of the storage system may en-
courage farmers to adjust their planting structure by reducing the area planted with corn
and increasing the planting of other crops. Such adjustments may lead to a decrease in
corn supply and a fall in corn yields in the short term, and it will take some time for
farmers to adapt to the new market environment after the reform of the storage system.
During this period, they may face a decline in returns, while the result largely indicates
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that the competitiveness of maize has been improved to a large extent, laying the foun-
dation for improving the returns associated with farmers in subsequent years. By ex-
amining the data, we find that two groups of districts do not exhibit significant differ-
ences from 09-15, supporting the hypothesis of parallel trends and further validating
the homogeneity of the two groups of districts prior to policy implementation.

Table 3. Path test results of storage system reform on corn TFP

Variable (1) (2) (3)
did*RI -0.012** —
(0.006)
did*Exp — -0.288** —_—
(0.140)
did*Res — — 0.000
(0.001)
control variable Yes Yes Yes
time fixed effects Yes Yes Yes
entity fixed effects Yes Yes Yes
R? 0.489 0.487 0.479

4 Conclusion

This paper examines the effect of corn producer subsidies on TFP using super-efficient
DEA & DID models (2004-2023). Key findings: (1) TFP initially dips post-reform but
recovers, hinting at subsidy potential. (2) With the shift of subsidy policy focus to corn
producers, the inhibitory effect of market-oriented reform of the purchasing and storage
system on corn TFP has not continued. (3) Subsidies inadequately motivate producers,
reducing maize competitiveness, and revealing "negative productivity effects".

Implications:(1) The reform of the corn storage system is a reshaping of the relation-
ship between the government and the market, with the government realizing a shift
from direct intervention to an indirect regulatory role, and corn producers facing more
risks of market volatility. Taking into account the fluctuations in corn market prices,
changes in production costs, and the international competitive situation, adjust the sub-
sidy amount. When the market price of corn is below a reasonable range, increase sub-
sidies appropriately; On the contrary, it should be moderately reduced to ensure the
effectiveness and sustainability of subsidy policies.(2) It is important to promote the
scale and specialization of maize production as a way to increase the impact of policy
reforms on farmers' maize TFP. The key to increasing the scale and specialization of
corn production lies in promoting the development of agricultural socialization ser-
vices. Integrate data resources from agriculture, rural areas, market supervision and
other departments, build a market information service system platform covering the
entire industry chain of corn seed production and sales, timely release price trends, sup-
ply and demand information, technological dynamics, etc., and help farmers arrange
production and operation activities reasonably.
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