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Abstract: In 2007, the Chinese government introduced a temporary corn storage policy targeting four regions: Hei-
longjiang, Jilin, Liaoning and Inner Mongolia. This policy aimed at stabilising grain markets and ensured farmers'
income by providing price support for corn. Its implementation significantly impacted corn prices and the regional
distribution of corn cultivation, offering a valuable case for analysing the economic outcomes of China's agricultural
policies. This study adopts the adaptive expectations hypothesis to explore the policy's effects, focusing on its influence
on farmers' price expectations (mean) and price volatility (variance). Using a Spatial Durbin Model (SDM), we empiri-
cally investigate the policy's dynamic regional impacts on corn planting areas. The results show that the temporary
corn storage policy significantly increased corn planting areas in the targeted regions, while simultaneously reducing
planting areas in non-targeted regions due to negative spatial spillover effects. At the national level, the policy had
no statistically significant impact on total corn planting areas, indicating that abolishing the policy alone is unlikely
to rationalise or optimise the agricultural planting structure.
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Agricultural production is shaped by both natural
and socio-economic factors, with the natural environ-
ment playing a critical role in determining the spatial
distribution of crops. For instance, in China, climatic
differences between the south and north dictate the
cultivation patterns of rice and wheat. While the natu-
ral environment is relatively stable in the short term, the
spatial distribution of crops evolves continuously due
to other factors, such as agricultural policies. In this
paper, we focus on the impact of agricultural price sup-
port policies on the spatial distribution of corn culti-

vation, with a particular emphasis on China's unique
temporary corn stockpiling policy.

Unlike the comprehensive implementation of agricul-
tural price support policies in many countries, China's
corn price support policy was region-specific, imple-
mented only in four northern provinces: Heilongjiang,
Jilin, Liaoning and Inner Mongolia. This unique feature
provides an exceptional empirical setting for studying
the spatial spillover effects of economic policies. The re-
gional variability of this policy enables researchers to an-
alyse not only the local effects of its implementation
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but also the transmission of these effects to non-policy
regions through market mechanisms. Furthermore,
China's unified domestic market allows for the isolation
of spatial spillover effects without interference from in-
ternational trade policies, making it a valuable case for
global studies on agricultural policy impacts.

Since 1980, the spatial distribution of corn cultiva-
tion in China has undergone significant changes, with
increasing agglomeration and a shift in production fo-
cus towards the north (Deng et al. 2013; Li et al. 2016;
Xu et al. 2017). While climate change is a major con-
tributing factor, the influence of socio-economic
factors such as urbanisation, non-agricultural em-
ployment, transportation, livestock development, and
comparative crop profitability should not be over-
looked (Chen et al. 2015). Among these, agricultural
policies, particularly the temporary corn stockpiling
policy implemented in 2008 and its subsequent cancel-
lation in 2016, have played a critical role in shape corn
cultivation patterns.

Existing studies have examined the broader effects
of grain price changes on planting decisions (Jia el al.
2017), but few have isolated the specific impact of price
support policies on corn acreage. Moreover, most stud-
ies on this policy focus solely on those for implemen-
tation provinces (Fan et al. 2016), neglecting potential
spatial spillover effects. Given that corn is a bulk com-
modity suitable for long-distance transportation,
regional price differences and transportation costs,
rather than regional market segmentation, primar-
ily influence its spatial distribution (Clary et al. 1986;
Branco et al. 2021). The temporary corn stockpiling
policy created regional price disparities, which likely
affected corn planting decisions in non-policy regions
via market mechanisms.

Building on the agricultural supply response model
proposed by Nerlove (1958), which highlights the role
of farmers' price expectations in planting decisions,
this paper examines how China's temporary corn
stockpiling policy influenced farmers' price expecta-
tions and their subsequent planting decisions. Previ-
ous studies oversimplified price expectations, using
only the prior year's corn price as a proxy (Xu and
Zhang 2021), and failed to account for the stabilising
effect of price support policies on farmers' expecta-
tions. By incorporating the effects of price expecta-
tions and volatility induced by the policy, this study
provides a more nuanced understanding of farmers'
decision-making processes.

This paper makes contributions in the following as-
pects. First, previous studies on similar agricultural

supporting policies have typically focused on entire
countries as the unit of analysis. However, due to the
influence of trade policies on agricultural product
trade between countries, it is challenging to effective-
ly identify the spatial spillover effects of these policies.
China's temporary corn storage policy is a regional
policy implemented within a unified domestic mar-
ket, where both the policy-implementing regions and
other regions operate without trade policy interfer-
ence. This unique setting enables this study to better
isolate and identify the spatial spillover effects of re-
gional agricultural supporting policies. Second, unlike
existing studies that directly assess the spatial effects
of the temporary corn storage policy, this paper es-
tablishes a pathway from the policy to farmers' price
expectations for corn and then to their planting deci-
sions. We first analyse how the temporary corn stor-
age policy affects farmers' price expectations for corn
and subsequently use simulation analysis to measure
how changes in expected prices and their volatility
induced by the policy influence planting decisions
in both local and neighbouring regions. Finally, this
study finds that the temporary corn storage policy im-
pacts corn planting in neighbouring regions primarily
through its effects on farmers' expectations of price
volatility. This mechanism, which plays a central role
in the spatial effects of the policy, has not been ad-
dressed in existing research.

Although the temporary corn stockpiling policy has
been discontinued, its impacts remain a valuable area
of exploration. This analysis not only provides a re-
flection on the policy's effectiveness but also offers
insights for evaluating similar price support reforms
for other agricultural products, such as wheat. By sit-
uating this study within the broader context of agri-
cultural policy research, we aim to contribute both
empirical evidence and theoretical insights to the in-
ternational literature on spatial economics and agri-
cultural policy impacts.

Spatio-temporal corn acreage change and corn
stockpiling policy

Spatio-temporal corn acreage change. Between
1984 and 2014, China witnessed continuous and steady
growth in both the acreage of land dedicated to corn
cultivation and the total corn yield. In 1984, the coun-
try's corn planting area stood at 18.537 million ha, re-
sulting in a total output of approximately 74 million
tons. By 2014, the planted area had expanded signifi-
cantly to 37.123 million ha, accompanied by a marked
increase in output to 216 million tons. This sustained

161



Original Paper

Agricultural Economics — Czech, 71, 2025 (3): 160-172

growth stemmed from an interplay of various complex
factors, with a pivotal contribution from adjustments
in the agricultural structure.

From the perspective of spatial distribution, between
1984 and 2014, China's corn planting areas underwent
significant changes, mainly characterised by the grad-
ual reduction of planting areas in the southern regions,
in stark contrast to the continuous expansion in the
northern regions. Among these, the Northeast region,
with its advantages in land reserves, fertile black soil
resources, and suitable climate and geographical con-
ditions for large-scale mechanised agricultural produc-
tion, gradually became prominent and established its
important position as a major corn-producing area
in China. Data shows that the corn planting area in the
Northeast region steadily increased from about 27%
of the national total in 1984 to about 43% in 2014. This
significant increase is not only attributed to the supe-
riority of natural resources but also reflects the con-
tinuous inclination of national agricultural policies,
especially grain policies, towards this region. In North
China, encompassing Beijing, Tianjin, Hebei and Inner
Mongolia, advanced irrigation systems and high-quali-
ty farmland provide favourable conditions for corn cul-
tivation. Although the areas dedicated to corn planting
in Beijing and Tianjin have declined, North China's
proportion of the national corn planting area increased
from 14% in 1984 to 19% by 2014.

Conversely, the corn planting areas in South and
Southwest China have exhibited a declining trend.
Data analysis indicates that the proportion of these
regions' corn cultivation areas, relative to the national
total, decreased from 20% in 1984 to 12% by 2014.
Unlike the vast land availability typical of northern
China, the South and Southwest regions generally
face constraints in land resources. Additionally, with
the gradual evolution of a more market-oriented agri-
cultural structure, local regions have increasingly re-
directed agricultural resources toward rice cultivation
and cash crops, which offer higher economic returns
and greater competitiveness. As a result, farmland
in these southern regions is increasingly allocated
to more profitable crops, while corn has experienced
a gradual reduction in cultivation, reflecting a clear
trend of 'withdrawal.'

Corn stockpiling policy. In response to the signifi-
cant decrease in international grain prices in 2008,
China's corn and soybean markets faced substantial
downward pricing pressures, threatening agricultural
production. To mitigate these effects, the Chinese
government initiated a temporary storage policy for
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various crops, including soybeans, corn, cotton and
rapeseed, with the policy specifically concerning corn
being applied in Heilongjiang, Jilin, Liaoning and In-
ner Mongolia. This policy entailed setting predeter-
mined prices and quantities for temporary storage,
based on the market conditions, and was executed
by state-owned grain enterprises purchasing at these
set prices. During the implementation of the policy,
the Chinese government continuously increased the
purchase price of corn, from USD 214 per ton in 2008
to USD 354 per ton in 2016. At the same time, the
government allowed more and more state-owned
enterprises to participate in corn purchases, which
further drove up the purchase price and led farmers
to form expectations of rising corn prices.

This intervention led to discrepancies between
domestic and international food prices, an imbal-
ance in food supply and demand, and simultaneous
increases in grain stocks, production, and imports.
In light of these challenges, the state commenced re-
form of the corn collection and storage system in 2016,
ceasing direct price interventions. Consequently, pro-
ducers began selling corn at market prices, supported
by a state-established subsidy system based on their
planting area. This shift in policy altered farmers' ex-
pectations regarding future prices, thereby mitigating
the price volatility associated with corn cultivation.

In the preceding section, we analysed the spatial
variations in corn production, attributing one of the
key factors to the introduction of the temporary corn
storage policy.

The impact of the corn temporary storage policy
on corn planting can be seen in Figure 1. In this
figure, we compare the growth rates of corn plant-
ing areas in the policy implementation regions (four
provinces/regions) and neighbouring provinces (in-
cluding Hebei, Shanxi, Shaanxi, Gansu and Ningxia).
It can be observed that before 2008, there was a clear
common trend in the growth rates of corn planting
areas in both regions. However, after 2008, there was
no apparent common trend. This can also be con-
firmed through a simple cointegration test: before
2008, the growth rates of corn planting areas in both
regions were cointegrated and statistically significant
at the 1% level, but after 2008, there was no cointegra-
tion relationship. This indicates that the linkage be-
tween the four provinces/regions and neighbouring
provinces in terms of corn planting area was broken
after the implementation of the corn temporary stor-
age policy. This to some extent reflects the effective-
ness of the policy.
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Figure 1. Growth rate of corn sown area in provinces where
corn stockpiling policy was implemented and neighbouring
provinces

Source: Compiled by the authors

MATERIAL AND METHODS

Spatial Durbin Model. To confirm the spatial cor-
relation of corn planting, we calculated the spatial Gini
coefficient and Moran's I index for corn acreage re-
spectively. The spatial Gini coeflicient is given by:

Gini =
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where: x; and x; — values of the variable of interest
in regions i and j respectively; w; — element of spatial
weight matrix, defining the spatial relationship between
regions i and j, where w;; — 1 if regions i and j are neigh-
bors; w; — 0 otherwise; N — total number of regions.

The Moran's I index is given by:
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where: X — mean of x; W — sum of all Wy

The spatial Gini coefficient remained stable during
19842014 (Figure 2), indicating strong spatial corre-
lation and synchronous changes in corn planting areas
among neighbouring regions. Meanwhile, Moran's I
index showed a steady increase over the same pe-
riod, suggesting that major corn-producing provinces
tended to cluster together. Further analysis of the lo-
cal Moran's I index for 2014 revealed significant posi-
tive spatial autocorrelation in Inner Mongolia, Jilin and
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Gini coefficient and Moran's I index

Figure 2. Spatial Gini Coeflicients and Moran's I index
(1984-2014)

Source: Authors' own processing

Heilongjiang at the 95% significance level. This clus-
tering reflects spatial agglomeration in corn planting
areas in these provinces. In 1984, only Jilin exhibited
significant local Moran's I values, indicating that spa-
tial autocorrelation has intensified over time.

The spatial autocorrelation test consistently indicates
significant Moran's I values at the 1% level across all
years, justifying the use of spatial econometric mod-
els. Spatial correlation can arise from the dependent
variable, independent variables, or error terms. The
Spatial Durbin Model (SDM) is well-suited for captur-
ing spatial dependence from multiple sources, making
it an ideal framework for this study (Elhorst 2014).

The spatial effects analysed in this paper can be di-
vided into two key components. The first is the spatial
lag of the dependent variable, which reflects how the
corn planting area in one region is influenced by plant-
ing decisions in neighbouring regions. This effect
is driven by two primary mechanisms. First, shared
natural conditions play a significant role, as corn pro-
duction heavily depends on factors such as soil qual-
ity and climate. Adjacent regions often share similar
natural conditions, leading to comparable agricultur-
al planting structures and creating a correlation be-
tween corn planting areas in neighbouring regions.
Second, economic interdependence influences this
dynamic. When neighbouring provinces expand their
corn planting areas, the supply of other crops may
decrease, altering the relative profitability of different
crops in the local region. This change in relative re-
turns affects farmers' planting decisions and reinforc-
es spatial interdependence.

The second component involves the spatial spillover
effects of the temporary corn stockpiling policy. Since
provinces operate within a unified domestic market,
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price changes caused by the policy in one region are
transmitted to others through market mechanisms.
For instance, if the temporary procurement price set
by the government exceeds the market price, arbitrage
opportunities may arise, leading to increased corn
prices in non-policy regions until the price, plus trans-
portation costs, equalises with the procurement price.
This could incentivise an expansion of corn planting
in non-policy regions. Conversely, if the policy in-
creases the expected mean and decreases the variance
of corn prices in policy-implementing regions, farm-
ers in these regions may be encouraged to plant more
corn. This expansion could lead to a relative decline
in equilibrium prices, thereby reducing the incen-
tives for farmers in non-policy regions to plant corn.
Together, these two components capture the complex
spatial dynamics of corn planting decisions influenced
by natural, economic, and policy-related factors.

The feed industry also contributes to spatial spill-
overs. As industry expands, transportation costs for
raw materials like corn became a critical factor, making
it more profitable to grow corn near major feed pro-
duction centres. This interdependence further rein-
forces the need for a spatial econometric framework.

Given that a province's corn planting area is influ-
enced not only by neighbouring regions' planting areas
but also by their implementation of the corn stockpiling
policy and the development of their feed industry, the
SDM provides an appropriate analytical framework.

Formally, the SDM is expressed as:

N K
Vi = kz Wi+ Zkak,it +
N=1 k=1 3)

K N
+k229kwqu,ﬂ +pt+a,+g,
=1 j=1

where: y,— corn acreage planting area (thousand ha);
i — province; ¢ — time; w;; — element in the spatial weight
matrix W; if province i and province j are adjacent,
w;=1(i#j); otherwise w = 0(i=j), x; ;, (k=1,...,4) — vari-
ables that affect corn planting; p — measures the impact
of technical change; a;, — fixed effects; ¢, — idiosyncratic

error term.

Variable selection. The proportion of corn used
for direct consumption is small, and most of the corn
is used for post-production deep processing (such
as the production of feed, bioethanol, corn starch, etc.).
Therefore, it can be considered that farmers grow corn
not mainly for consumption, but for profit from sales.
Therefore, factors affecting corn production profits
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will affect farmers' corn planting decisions. There are
four variables affecting corn planting area include: the
farmers' expectations of corn prices, the cost of pro-
duction, the relationship between corn and associated
industries, and the technical progress.

Corn stockpiling policy and farmers' price expecta-
tions

As corn is mainly used for feed production and in-
dustrial processing, and less for consumption, the de-
cision of corn planting area for corn growers is mainly
driven by the pursuit of maximising profits. In this
case, the level and volatile of corn prices become im-
portant factors affecting farmers' decisions to plant
corn. Before planting corn, the market price of corn
is unknown, and farmers make judgments about fu-
ture corn prices based on past experience and then
make planting decisions based on current production
costs. The implementation of the corn stockpiling pol-
icy will change farmers' expectations of future corn
prices, thereby changing their planting behaviour and
affecting the planting area of corn. Therefore, this
study uses the mean and variance of expected corn
prices to express the effect of the corn temporary
storage policy.

Suppose that farmers' expectation of corn price p,,
has a normal distribution with mean p,, and variance,
Gitz’ where: i = 1,...,n — provinces and ¢ = 1,...n; t — time.;
U, — level of farmers' expectation; Gif
of farmers' expectation.

According to the adaptive expectations hypothesis,
the price expectation model of farmers can be ex-
pressed as:

— uncertainty

E._, (pit ) =Pt (4)

Equation (4) indicates that the farmers' expectation
of the corn price in time (before planting corn) is equal
tothe cornpriceint—1(p;, ;) plus their knowledge of the
past price fluctuations («,), where: a — E(p"~p™"). The
farmers' expectation for the fluctuation of corn price
in time ¢ can be expressed as follows:

2

Var(P,-t ) = ZS:W,- |:pi,t—j - El—j—l (pi,z—j ):| (5)

j=t

where: w; — weight.

In this paper, we set w; (j=1, 2, 3) equal to 0.5, 0.33,
and 0.17 respectively based on the study of Chavas and
Holt (1990). These weights indicates that the farmers'



Agricultural Economics — Czech, 71, 2025 (3): 160-172

Original Paper

https://doi.org/10.17221/9/2024-AGRICECON

expectation of the price fluctuation in mainly depends
on the price fluctuation in -1 because it has the high-
est weight. The impact of price fluctuations in -2 and
t-3 on farmers' expectations gradually decreased. And
only the price fluctuation in the last three periods will
have an impact on the farmers' expectation of the price
in time £.

In the provinces that have implemented the poli-
cy of corn stockpiling policy, the random fluctuation
of corn price has a lower limit. Therefore, in these
provinces, farmers' expectations of corn prices have
changed to truncated normal distribution.

Let p, ,, represents the minimum purchase price of corn
stipulated in the corn stockpiling policy, ;= (p,;,~1;)/c;
represents the standardised random variable. Then the
expectation and variance of the corn price in policies
area can be expressed as:

“;N = E(pn | p, > Pris ) =M, G“(I)(el.[ )/Zit (6)

o™ =0, [l—eitd)(eit )2 ~(6(e.)/2, )} @)

where: superscript of i~ and 0,V - truncated normal
distribution; Z,= 1-®(e,), in which ®(.) — standard
normal distribution function.

The cost of production

The cost of corn production can be estimated
by farmers when making planting decisions and will di-
rectly affect the area farmers plant corn. In this regard,
this study uses the corn production cost per hectare
(USD/ha) to measure how production costs affect the
area of corn planting.

Downstream industry and corn acreage

Corn consumption in China is mainly used for feed
production, which is the primary source of feed for
China's animal husbandry. In 2014, feed consump-
tion accounted for 62.26% of total corn consumption,
while industrial processing consumption accounted for
29.46%, and corn consumption for food and seed ac-
counted for 7% and 3%, respectively.

For the feed industry, the transportation costs of corn
and feed are important factors that affect its spatial lay-
out. Therefore, the planting area of corn in a region will
affect the decision of feed enterprises on site selection.
Since the asset specificity of the feed industry is strong-
er than that of corn cultivation, it is difficult for feed
companies to move once they select a production loca-
tion. The distribution of feed companies will affect the

spatial layout of corn cultivation. The production cost
of feed includes the price of corn and the transportation
cost of corn. Assuming that the corn produced in each
region is homogeneous, the price that feed enterprises
are willing to pay for corn is inversely proportional
to the transportation cost of corn. Corn growers who
are closer to feed enterprises can obtain higher prices
for their corn sales, which, under other conditions re-
maining constant (other crop prices unchanged), will
increase the price of corn relative to other crops and
lead to an increase in the planting area of corn. The
above analysis shows that there may be a mutually rein-
forcing relationship between feed production and corn
planting area, which is further strengthened by the
spatial agglomeration of the feed industry. Figure 3
shows a scatter plot between corn planting area and
feed production, both variables taken in their natural
logarithms (where feed production does not include
aquafeed). By observing the scatter plot and the trend
line of linear fitting, it can be found that there is a posi-
tive correlation between inter-provincial feed produc-
tion and corn planting area, with provinces with higher
feed production also having higher corn planting areas,
and vice versa.

Technical progress

The ongoing introduction of novel corn varieties
stands as a key pillar underpinning the sustained ex-
pansion of corn cultivation across China. Tong Pingya
has meticulously documented the progressive evolution
of corn hybrid selection within the country throughout
the 20th century. For instance, Zhongdan No. 2 (Chi-
nese Academy of Agricultural Sciences, China), released

Log corn acreage
[\~]
1

0 0.5 1 1.5 2 2.5 3 3.5 4

Log feed production

Figure 3. Corn sown area (thousand ha) and feed produc-
tion (ten thousand ton) (2014)

Source: China Economic and Social Development Statistics
Database and the 'China Feed Industry Yearbook' (China
Feed Industry Association, 1985-2015)
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in the 1970s, ascended to prominence among the main
varieties cultivated in the 1980s, attributed to its dimin-
utive, robust stature and resistance to various diseas-
es. With the advent of the 21% century, varieties such
as Zhengdan 958 (Henan Academy of Agricultural Sci-
ences, China) and Xianyu 335 (Pioneer Hi-bred Compa-
ny, USA) gained widespread adoption for their compact
structure and adaptability to dense planting, particularly
favoured in regions cultivating spring corn due to their
lower cumulative temperature requirements. Post 2010
saw the large-scale introduction and planting of new
varieties including Jingke 968 (Beijing Academy of Ag-
riculture and Foresty Science, China), Liangyu 99 (Deng
Hai Liang Yu Seed Industry Company, China) and Tian-
nong 9 (Tian Nong Seed industry Co., China). Tiannong
9, for example, necessitates an active accumulated tem-
perature of approximately 2 570 °C, distinguishing itself
as a medium-maturing, high-starch variety with superi-
or yield per unit area. Given its lower temperature re-
quirement compared to traditional varieties, it has been
widely promoted in the medium-maturing corn zones
of Jilin Province, further expanding the province's corn
cultivation area. These instances underscore the pivot-
al role of introducing new corn varieties in augmenting
the corn planting expanse in northern regions, simulta-
neously highlighting the perennial and ongoing nature
of technological advancements in corn cultivation. Con-
sequently, a time variable may serve as an instrumental
indicator of technological progression in corn varieties.

Technological advancement is recognised as a con-
tributing factor to the spatial aggregation of indus-
tries. However, when assessing the spatial spillover
effects of introducing new corn varieties, it is impera-
tive to observe two considerations. Firstly, this paper
employs time variables as proxies for technological
progression, implying such advancements are ubiqui-
tous across all provinces rather than isolated to spe-
cific locales. Secondly, given the geographically bound
applicability of corn varieties, the spatial spillover ef-
fect of technological advances might be constrained.
Hence, in the interpretation of subsequent regression
analyses, the parameters associated with technological
advancement and its spatial spillover effects necessi-
tate cautious consideration.

According to the previous analysis, corn planting
area is set as the dependent variable, the mean and
variance of expected corn prices as the pivotal inde-
pendent variables in the econometric model to assess
the influence of the corn storage policy on the spatial
and temporal distribution of corn cultivation. Concur-
rently, variables such as feed output, corn production
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cost per acre, and technological advancement over
time are incorporated as control variables within the
model.

Data sources and descriptive statistics

The data is sourced from various outlets. Informa-
tion on corn planting area is obtained from the China
Economic and Social Development Statistics Database
online data map (National Bureau of Statistics, 1984—
2014), while feed production data is extracted from the
'China Feed Industry Yearbook." (China Feed Industry
Association 1985-2015). Details about corn sales pric-
es and production costs per acre are derived from the
'‘Compilation of Cost and Benefit Data of National Ag-
ricultural Products' and the 'Compilation of Cost and
Benefit Data of Major National Agricultural Products
Since the Founding of the People's Republic of China.’
The minimum corn purchase price specified in the
temporary corn reserve policy is obtained from the an-
nouncements of the National Development and Reform
Commission (NDRC 2008-2016) over the years. Given
that feed production data for each province and region
is only accessible post 2001, this article focuses on the
analysis timeframe from 2001 to 2013. Descriptive sta-
tistics for the above variables are shown in Table 1.

It should be noticed that the implementation of corn
stockpiling policy is not random and may lead to sam-
ple selection bias (Huang and Yang 2017). It can be as-
sumed that the non-randomness of corn stockpiling
policy implementation is related to the characteristics
of each province and further assume that these charac-
teristics do not change over time. For example, the rea-
son for implementing corn stockpiling policy in the four
northeastern provinces is that these four provinces have
unique geographical conditions suitable for large-scale
corn planting. And these geographical conditions do not
change over time. These time-invariant characteristics
can be included in fixed effects. Therefore, Equation 3
should be estimated in the fixed effect panel data setting.

Another potential endogenous problem in estimating
Equation 3 is due to the mutual influence between the
feed industry and corn planting as we have discussed
before. To address the endogeneity issue of feed pro-
duction in the regression model, we introduced regional
gross domestic product (GDP) as an instrumental vari-
able for feed production. Below, we provide a detailed
explanation of why GDP is a suitable instrument.

Firstly, GDP satisfies the relevance condition for an in-
strumental variable, as it is strongly correlated with feed
production. Data from the 2014 Statistical Yearbook re-
veal a correlation coefficient of 0.76 between feed pro-
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Table 1. Descriptive statistics of variables

The whole nation

Policy implementation areas

Variable name Measuring unit

mean variance mean variance

Corn acreage thousand ha 1 433.406 1 083.990 2 657.145 996.855
planting area
Feed production ten thousand ton 460.769 473.156 490.830 303.620
Corn production USD 63.750 32.470 59.390 28.790
cost per hectare
Mean of expected USD 171.550 55.560 166.690 61.260
corn prlce per ton
Variance of

- 348.460 310.590 128.110 135.970

expected corn price

Source: China Economic and Social Development Statistics Database, 'China Feed Industry Yearbook', 'Compilation of Cost
and Benefit Data of National Agricultural Products' and 'Compilation of Cost and Benefit Data of Major National Agricultural

Products Since the Founding of the People's Republic of China'

duction and GDP across provinces, which is statistically
significant at the 1% level. This indicates that regions
with higher GDP levels are more likely to produce great-
er quantities of feed, driven by increased livestock pro-
duction and related feed demand.

Secondly, GDP satisfies the exclusion restriction con-
dition, as it is largely unaffected by corn planting areas.
The correlation coefficient between GDP and corn plant-
ing area is only 0.18, which is not statistically significant.
This suggests that variations in corn planting areas con-
tribute minimally to regional GDP, given the relatively
small share of corn cultivation in the overall economy.

The theoretical basis for using GDP as an instru-
mental variable is also robust. GDP influences feed
production indirectly through its impact on livestock
product demand. As normal goods, the demand for
livestock products increases with rising per capita dis-
posable income. Regional GDP reflects both per cap-
ita disposable income and population size, capturing
the aggregate demand for livestock products. Since
livestock products are perishable and costly to trans-
port over long distances despite advancements in cold
chain logistics, livestock production tends to be con-
centrated near consumption markets. Feed enterpris-
es align their locations with the spatial distribution
of livestock production to minimise transportation
costs for raw materials (e.g. corn) and finished feed
products. As a result, regional GDP indirectly drives
the spatial distribution and scale of feed production.

Conversely, changes in corn planting areas have
negligible effects on GDP due to the relatively minor
economic contribution of corn cultivation in most prov-

inces. This ensures that GDP remains exogenous to the
regression equation, fulfilling the criteria for a valid in-
strumental variable.

In the estimation, we firstly multiply the dependent
and independent variables by the spatial weight ma-
trix. Then, we use the within transformation of panel
data to remove the influence of fixed effects. After that,
we estimate the transformed model using the two-
stage least squares (2SLS) method.

EMPIRICAL RESULTS

Data sources

The data used are from multiple sources. The corn
planting area data are from China Statistical Year-
book (The National Bureau of Statistics of China
2016-2020). The information on the price of corn and
the unit production cost of 20 corn production prov-
inces is derived from the Compendium of Cost and
Benefit Information of National Agricultural Products
(NDRC 1985-2015) and Compendium of Cost and
Benefit Information of National Major Agricultural
Products Since the founding of the PRC. The minimum
corn purchase price stipulated by the corn temporary
storage policy is collected from the announcement
of the National Development and Reform Commission
(NDRC 2008-2016) over the years. The feed produc-
tion data are from China Feed Industry Yearbook (Chi-
na Feed Industry Association 1985-2015). Since only
the data of feed production of provinces after 2001 can
be obtained, the time range of analysis limited to the
period between 2001 and 2014.
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Regression results

The regression results of equation (5) are given in Ta-
ble 1. First of all, the parameter \ is significant, indicat-
ing the existence of spatial spillover effect, that is, the
corn planting area in one province has been affected
by the neighbouring provinces. The source of this influ-
ence can be explained by the connection between corn
and feed industry, production cost, mean and variance
of expected corn price and technological progress. The
coefficients of each variable cannot be directly inter-
preted as marginal effects in the spatial Durbin model
(Lesage 2014) From Equation (1), the marginal effect
of x; can be expressed as:

A -1 /5 A
ﬂ:(zn —ij (Bk I +6 Wj
0%

(8)

The marginal effects of technological progress are:
fN
Bfovin) o)
oT

Derived from Equations (6) and (7) is a matrix
of NxN, the sum of the i column in the matrix rep-
resents the sum of the impacts of a unit change of x; ;
on the corn planting area of all provinces and regions,
called the total effect (Lesage and Pacer 2009). The
mean of total effect over N provinces is the average
total effect. The average value of the main diagonal el-
ements of the matrix represents the average direct ef-
fect (i.e. the average effect of x;; change on the corn
planting area of the province). The average indirect ef-
fect can be obtained by subtracting the average direct

)

Table 2. Impact of corn stockpiling policy on corn acreage
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effect from the average total effect, which is the average
influence of x, ; on the corn planting area of all other
provinces.

From Table 2, it can be seen that both the average
direct and indirect effects of feed production are nega-
tive. In other words, as the feed production in a prov-
ince increases, the corn planting area in that province
and neighbouring provinces decreases. Although
Figure 3 shows a positive correlation between corn
planting area and feed production, after controlling
for the endogenous relationship between corn plant-
ing area and feed production using instrumental vari-
ables in 2SLS, the relationship becomes negative. This
may be because after using instrumental variables, the
variation in feed production that explains the varia-
tion in corn planting area is entirely caused by changes
in GDP. During the period of 2001-2014, provinces
with larger increases in GDP had smaller increases
in corn planting area, while provinces with smaller in-
creases in GDP had larger increases in corn planting
area.

The increase in unit production costs of corn will re-
duce farmers' willingness to plant, resulting in a decrease
in corn planting area not only in the province but also
in neighbouring provinces. This may be because mate-
rial costs and agricultural labour wage, which consti-
tute the majority of production costs of corn, may show
a common trend of change among neighbouring prov-
inces. Material costs measure the cost of intermediate
inputs such as fertilisers, pesticides and fuel, and these
input factors may exhibit synchronous changes. Labor
costs are calculated based on the per capita net income
of rural residents in the previous year (Tian et al. 2020).

Variables Coefficient Standard error Z-value P-value
Feed production 0.10 0.37 0.28 0.78
Unit production cost of corn -5.77 2.51 -2.30 0.02
Mean of expected corn price 7.17 3.77 1.90 0.06
Variance of expected corn price -0.25 0.10 -2.43 0.02
Spatial weighted feed production -0.70 0.53 -1.32 0.19
Spatial weighted unit production cost of corn 3.66 2.98 1.23 0.22
Spatial weighted mean of expected corn price -6.73 5.51 -1.22 0.22
Spatial weighted variance of expected corn price 0.56 0.22 2.58 0.01
Time (t) 31.10 24.30 1.28 0.20
Intercept term -217.71 170.91 -1.27 0.20
A 0.90 0.14 6.46 0.00

Source: Compiled by the authors
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Table 3. Spatial marginal effects

Average indirect effect Average total effect

Variables Average direct effect

Feed production (_0,_607‘?f0.10)

Unit production cost of corn (_7._766;9i6.28)

Mean of expected corn price (6,862.;93.08)

Variance of expected corn price (_0.?;;);20.18)
53.10

Technical progress (40.36; 66.45)

-5.59 -5.97
(-11.55; -1.35) (-12.22; -1.45)
-14.01 -20.99
(-28.95; -3.39) (-36.66; —9.67)
-2.54 441
(-5.25; -0.62) (1.57; 6.47)
3.08 3.10
(0.75; 6.37) (0.61; 6.55)
255.95 309.05

(61.93; 528.83) (102.35; 95.28)

Figures in brackets are 95% confidence intervals
Source: Compiled by the authors

In recent years, per capita net income of rural residents
has been rising in every province. This suggests that the
spatial spillover effect of corn production costs may re-
flect the spatial correlation of production costs.

An increase in farmers' expectations of corn prices
will increase the corn planting area in the province,
which is consistent with expectations. However, chang-
es in corn price expectations in one province have
no significant effect on the corn planting area in neigh-
bouring provinces (0 falls within the confidence inter-
val of the average indirect effect of corn price).

However, both the average direct and indirect effects
of variance of expected corn price are significant. On the
one hand, the greater the uncertainty of farmers' expec-
tations of corn prices (the larger the variance of expected
corn price), the lower their willingness to plant and the
smaller the corn acreage. This reflects that corn farmers
are risk averse. On the other hand, an increase in the un-
certainty of corn price expectations in one province will
lead to an increase in the corn planting area in neigh-
bouring provinces. The corn stockpiling policy increas-
es the average corn price in the areas where the policy
is implemented and reduces the fluctuation (variance)
of corn price, thus increasing the corn planting area
in these provinces. The corn stockpiling policy also has
a spatial spillover effect. As the average indirect effect
of corn price variance is positive, the decrease of corn
price variance reduces the corn planting area in neigh-
bouring provinces.

The impact of technological progress is also as ex-
pected. The introduction of new varieties will contin-
uously expand the corn planting area. Since this study
uses time variables as proxy variables for technological

progress, technological progress in all provinces exhib-
its a common trend of change, which leads to high spa-
tial correlation and significant spatial spillover effects.

From the results presented in Table 2, it can be ob-
served that the spatial spillover effect of the expected
price of corn is not significant, whereas the variance
of the expected price of corn exhibits a significant spa-
tial spillover effect. Subsequently, we tested whether
the variance of the expected price of corn significantly
affects the expected price and variance of the expected
price in neighbouring provinces.

First, we used the expected price of corn as the de-
pendent variable, incorporating unit production costs,
feed production, and the variance of the expected price
of corn into the regression model. A spatial Durbin
model was employed to estimate the model, and the
results indicate that the variance of the expected price
of corn does not exhibit a spatial spillover effect.

Second, we used the variance of the expected price
of corn as the dependent variable, adding unit pro-
duction costs, feed production, and the expected
price of corn into the regression model. A spatial
panel data model with two-way fixed effects was then
estimated using the maximum likelihood method,
with results shown in Table 4. The results reveal that
the coefficient A is significantly negative, indicating
that an increase in the variance of the expected price
of corn in neighbouring regions reduces the variance
of the expected price of corn in the local region, and
vice versa.

This effect is attributed to the temporary corn storage
policy, which reduced the variance of the expected price
of corn in regions where the policy was implemented,
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Table 4. Spatial correlation test of the variance in corn
expected prices

Variables  Coefficient Std. error T-value P-value
In(cost) -1.1240 0.6605 -1.7019 0.0888
In(feed) 0.3292 0.2589 1.2717 0.2035
In(expp) 0.7179 0.6791 1.0572  0.2904
A -0.1776 0.0864 —2.0545 0.0399

Source: Compiled by the authors

thereby increasing the variance of the expected price
of corn in neighbouring regions. From the regression
results in Table 2, it can be observed that this increase
in the variance of the expected price of corn in neigh-
bouring regions leads to a reduction in corn planting
areas in those regions.

For the temporary corn stockpiling policy, as the pol-
icy reduces the variance of the expected price of corn
in the provinces where it is implemented, it consequent-
ly increases the variance of the expected price of corn
in neighbouring provinces. This leads to a decrease
in corn planting areas in neighbouring provinces.

A simulation of the effect of corn stockpiling policy

Based on the regression results, we can analyse the
impact of the implementation and cancellation of the
corn stockpiling policy. Since the corn stockpiling pol-
icy is only implemented in some provinces, we cannot
obtain marginal effects of policy changes for each prov-
ince. However, we can obtain the average direct effect
of implementing this policy in provinces and its average
indirect effect on other regions when the corn stockpil-
ing policy changes. Thus, we can determine the impact
on the national corn planting area when the corn stock-
piling policy is cancelled in the four provinces.

After calculation, if the corn stockpiling policy had
not been implemented after 2007, for provinces that
implemented these policies: Inner Mongolia's aver-
age annual corn planting area would have decreased
by 46.68 thousand ha, Liaoning by 24.97 thousand
ha per year, Jilin by 51.38 thousand ha per year, and
Heilongjiang by 68.56 thousand ha per year. The
corn planting area in other provinces would have in-
creased by approximately 10 thousand ha per year.
The sum of all province's effects is an annual growth
of 1.58 thousand ha. In other words, compared to not
implementing the corn stockpiling policy, after its im-
plementation, the national corn planting area increases
by 1.58 thousand has per year. This increase is negligi-
ble compared to the total national corn planting area!
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The corn stockpiling policy was cancelled in 2016
and replaced by a producer subsidy system. The im-
plementation areas of the producer subsidy system are
still these four provinces (Heilongjiang, Jilin, Liaon-
ing and Inner Mongolia). The producer subsidy sys-
tem provides subsidies to farmers based on their corn
cultivation area in order to reduce interference with
market prices. Although the producer subsidy system
does not directly affect the market price of corn, it still
indirectly affects the market price of corn through its
impact on farmers' production decisions. This subsidy
is equivalent to providing cost subsidies to corn farm-
ers in these regions, reducing their production costs.
Since there is currently no specific data on subsidy
amounts, we cannot predict the effect of this policy
from a numerical perspective. However, based on the
regression results from Table 2, a decrease in unit pro-
duction costs of corn will increase the corn planting
area in regions where the subsidy is implemented. Since
the producer subsidy system does not reduce produc-
tion costs by lowering input prices, the corn planting
costs in other provinces will not decrease synchro-
nously. The impact of corn producer planting subsidies
on other provinces still requires further investigation.
However, it is certain that this policy promotes an ex-
pansion of the corn planting area in implementing
provinces.

DISCUSSION

This study investigates the spatial spillover effects
of China's corn stockpiling policy, focusing on its impact
on farmers' price expectations and corn planting deci-
sions. Our results reveal that the policy significantly in-
creased corn planting areas in the implementing regions
while reducing planting areas in non-targeted regions
due to negative spatial spillover effects. These findings
underscore the critical role of price expectations and
their volatility in shaping farmers' planting behaviour.

Our analysis shows that while the mean of expected
corn prices primarily affects planting decisions within
the policy-implementing regions, the variance of ex-
pected prices exhibits both direct and indirect effects.
Lower price volatility in targeted regions incentivised
farmers to expand corn acreage, whereas increased
volatility in neighbouring regions discouraged expan-
sion, demonstrating the spatial reach of policy-induced
market distortions.

These findings align with previous research empha-
sising the importance of price expectations in agri-
cultural decision-making (Nerlove 1958; Chavas and
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Holt 1990). However, this study extends the literature
by introducing spatial econometric models to account
for spillover effects, which have largely been overlooked
in previous studies (Fan et al. 2016; Gu and Guo 2017).
Unlike earlier work focusing solely on direct policy
impacts, this paper identifies indirect effects through
interregional price linkages, offering a more compre-
hensive understanding of agricultural policy impacts.

The results emphasise the need for policymakers
to consider spatial spillovers when designing and eval-
uating agricultural policies. The corn stockpiling policy
created unintended consequences in non-targeted re-
gions, highlighting the importance of integrated policy
frameworks that account for regional interactions. Pol-
icy makers should aim to balance support for target-
ed regions with measures that mitigate adverse effects
on neighbouring areas.

Moreover, the transition to a producer subsidy system
after the policy's cancellation suggests a shift toward
market-oriented mechanisms. Future policies should fo-
cus on minimising distortions while providing targeted
support to regions with comparative advantages in corn
production. Policymakers may also benefit from incor-
porating spatial econometric analyses to anticipate and
address spillover effects in advance.

Despite its contributions, this study has several lim-
itations. First, the analysis assumes that spatial spillovers
operate primarily through price expectations, potential-
ly overlooking other mechanisms, such as labour mobil-
ity and infrastructure development. Second, the spatial
Durbin model assumes fixed spatial relationships, which
may not fully capture dynamic interregional interac-
tions over time. Future research could address these
limitations by incorporating more flexible modelling ap-
proaches and additional explanatory variables.

CONCLUSION

This study analyses the impact of China's corn stock-
piling policy on corn planting areas, focusing on the
spatial spillover effects generated by changes in farm-
ers' price expectations. Using a panel spatial Durbin
model, we find that while the impact of corn price
mean is limited to the local area, the variance of corn
price expectations affects corn planting in the local
and neighbouring areas. This indicates that the impact
of the corn stockpiling policy spread throughout the
country through price spillovers, contributing to the
understanding of spatial effects in agricultural policy.

Our simulation analysis shows that the policy in-
creased corn planting areas in the provinces where

it was implemented. However, due to the spatial
spillover effect, it negatively impacted corn plant-
ing in other provinces. The cancellation of the corn
stockpiling policy would lead to a slowdown in corn
planting growth in the implementing provinces, while
other provinces would see an increase in planting
areas. This suggests that while the cancellation may
reduce planting in the targeted provinces, its over-
all effect on national planting areas could be limited.
Following the cancellation of the policy, a producer
subsidy system was implemented in the three north-
eastern provinces and Inner Mongolia. This system
is expected to increase corn planting in the targeted
provinces. However, the overall impact of the subsi-
dy system will depend on which effect dominates, the
negative impact of cancelling the stockpiling policy
or the positive effect of the producer subsidy. The spa-
tial effects of the producer subsidy system on other
provinces require further investigation.

Our study highlights the need for further research
into the spatial spillover effects of agricultural poli-
cies and their interaction with regional agricultural
structures. A particularly fruitful direction for future
work would be to investigate how different policy
frameworks and institutional arrangements influence
the success of agricultural interventions across vari-
ous regions. This would involve both theoretical and
empirical studies on the organisation of regional agri-
cultural markets, as well as an in-depth examination
of how local socio-economic factors, such as labour
markets, infrastructure and agricultural practices af-
fect the outcomes of these policies. By gaining a clearer
understanding of these dynamics, we can design more
effective policies that not only enhance local agricul-
tural productivity but also drive sustainable growth
at the regional and national levels.
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