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In 2020, the sudden global epidemic of novel coronavirus pneumonia (COVID-19) caused abnormal fluctuations in the global
grain market and posed severe challenges to world grain security. Therefore, it is very important for countries around the world to
analyze the determinants of grain price and put forward corresponding strategies to ensure grain safety. In this paper, we
theoretically discussed the relationship between financial liquidity, speculation, and grain price for the first time. Based on the
analysis of Fisher’s equation, this paper argues that the theoretical basis of grain financialization is closer to the volatility theory of
the money market. Then, we employ the structural vector autoregression model (SVAR) to explore the impulse response of grain
price to the structural shock of world grain production, demand, financial liquidity, and speculation. Our empirical results show
that the effects of financial liquidity and speculation on the grain price are more significant. Meanwhile, grain demand changes

caused by the global economy have no significant impact on grain price.

1. Introduction

The stability of grain prices is considered a key issue for grain
security and social stability in many countries. In 2020, the
sudden global epidemic of novel coronavirus pneumonia
(COVID-19) posed severe challenges to world grain security
in many ways. In order to control the spread of COVID-19,
all countries around the world took strict isolation measures,
which affected the global grain supply system. Secondly, the
global economic recession caused by COVID-19 reduced the
purchasing power of low-income people. Additionally, the
quantitative easing of the US dollar leads to the devaluation
of the US dollar and some hot money going into the in-
ternational grain market for speculation, which caused
abnormal fluctuations in the global grain market. Therefore,
it is crucial for countries around the world to analyze the
determinants of grain price and put forward corresponding
strategies to ensure grain safety, especially in the period of
major global crisis.

Traditionally, it was widely believed that the fluctuations
in international grain prices were mostly determined by
global grain supply and demand. However, after entering the
21st century, with the rapid development of international
financial markets, the correlation between the global grain
market and money market, foreign exchange market, fu-
tures, and other derivatives markets had significantly
strengthened. After the GFC (Global Finance Crisis), in
particular, the quantitative easing (QE) measures imple-
mented by the USA and some developed countries resulted
in excess liquidity in international capital markets. A large
amount of speculative capital flowed into the international
grain futures market and other derivatives markets, resulting
in large fluctuations in international grain prices. This
phenomenon of grain prices deviating from traditional
supply and demand is called grain financialization.

Under the influence of grain financialization, the fast-
growing grain derivatives market has increasingly domi-
nated the spot market by virtue of its price discovery
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function. The uncertain factors of derivatives, such as in-
formation asymmetry, frequent use of leverage, and in-
creased speculative funds, led to an increase in the frequency
and magnitude of fluctuations in international grain prices.
At the same time, financial variables such as money supply,
interest rates, and exchange rates have gradually replaced the
traditional decision-making role of grain supply and
demand.

The phenomenon of grain financialization is based on a
unique theoretical analysis mechanism. The traditional labor
theory of value, supply and demand theory, futures price
theory, and cobweb theory are not applicable to food
financialization. This paper argues that the theoretical basis
of grain financialization is closer to the volatility theory of
money market. In combination with Fisher’s equation, if the
price of an agricultural product is P, the velocity of money V
remains unchanged in a certain period, and it is assumed
that the total output of agricultural product Q also remains
relatively stable. When the monetary quantity M of the
futures and spot markets of the agricultural product changes,
it will inevitably lead to the change of the price Y of the
agricultural product. With the acceleration of grain finan-
cialization, the relationship between grain price and fi-
nancial market is getting closer and closer. Economic cycle
changes, monetary policy adjustment, and speculative fac-
tors will all cause fluctuations in the money market. The
excess liquidity caused by the overissuance of money will be
transmitted to the agricultural futures market, and then the
price of agricultural products in the spot market will fluc-
tuate greatly.

Many types of research were carried out on the in-
creased fluctuation of international grain prices under
grain financialization. Historically, the agricultural com-
modity market has long been segmented from major fi-
nancial markets [1]. However, with the rapid development
of the grain and livestock futures markets, effects of
financialization on grain prices began to appear [2, 3]. In
addition to traditional supply and demand, the rise in
international commodity prices since the GFC was often
the result of excess liquidity and financial capital flowing
into commodity markets [4]. If the performance of traders
in financial institutions is measured by a commodity index,
the correlation between the stock market and the com-
modities would be positively related to the commodity
positions of such institutions [5]. By examining the cor-
relation between the S.P. 500 Index, the MSCI Index, and
the international food price fluctuations, international food
price fluctuations were negatively related to the US dollar
index but positively related to international crude oil price
fluctuations [6]. Bruno et al. have shown that the world
business cycle and the intensity of financial speculation are
important driving forces that affect the coordinated
movement of food and financial markets. This driving force
has a long-lasting impact on the volatility between agri-
cultural and stock market returns; when the world business
cycle is depressed or financial market uncertainty increases,
in particular, the correlation between the returns of
commodity markets and the stock market positions is
significantly positive [7].
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The global excess liquidity, the rapid development of
the derivatives market, and the influx of speculative
capital have promoted the trend of grain financialization,
resulting in a more complex decision-making mechanism
of international grain prices [8]. Excessive US dollar li-
quidity and increased speculative activities lead to sharp
fluctuations in international grain prices and accelerate
the process of grain financialization; grain financialization
is also the process of grain dollarization [9, 10]. The Fed’s
excessive quantitative easing measures have largely ex-
panded speculative capital, which has a direct impact on
the grain futures market and strengthened the phenom-
enon of grain financialization [11, 12]. Li et al. adopted the
GARCH model and found that the fluctuation of inter-
national grain price had obvious aggregation and asym-
metry; that is, the fluctuation of grain price caused by good
news of rising grain price was greater than that caused by
bad news of falling grain price [13]. Li believes that grain
and other bulk commodities are increasingly finan-
cialized, and the sharp price fluctuations of grain deriv-
atives market are the main manifestations [14]. The grain
financialization will lead to the risk of grain price volatility
and increase the risk of inflation and income imbalance,
resulting in a food financial crisis and other adverse effects
[15, 16].

In this paper, we analyzed the supply, demand, and price
data in the global grain market and found that the supply-
demand gaps of 4 major grains (wheat, rice, corn, and
soybean) in recent years were not sufficient to explain the
sharp fluctuation of their price. We select wheat, rice, corn,
and soybean as the representatives of the main grains,
mainly because these four grains are in greater global de-
mand and a wider range of demand. This is the general
practice of the Food and Agriculture Organization of the
United Nations. Then, we systematically discussed the in-
fluence mechanism of capital speculation and financial li-
quidity on global grain prices for the first time. Finally, we
first employ the structural vector autoregression model
(SVAR) to explore the impulse response of grain price to the
structural shock of world grain production, demand, the real
effective exchange rate of the US dollar, and grain specu-
lation. Our empirical results show that financial liquidity
and world grain production have a significant impact on
international grain price, followed by international capital
speculation. Meanwhile, global demand has a negligible
effect on grain pricing.

2. Grain Price Trend and Its Determinants

Traditionally, it was widely believed that the fluctuations in
international grain prices were mostly determined by global
grain supply and demand. However, this situation has
changed in recent years. Under the background of finan-
cialization, the traditional grain supply and demand is no
longer the whole reason influencing the international grain
prices. By observing the trend of the international grain price
and the global macroeconomy in recent years, it is not
difficult to find that there is a close relationship between the
sharp fluctuation of international grain prices and the
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speculation of the grain futures market, as well as the fi-
nancial liquidity generated by the quantitative easing
monetary policy launched by the Federal Reserve.

2.1. Sharp Fluctuation of International Grain Prices in Recent
Years. By surveying the monthly average price data of the
four major grains from 1992 to 2019 (see Figure 1), we find
that the prices of the four major grains have fluctuated
sharply since 2000. On the one hand, the fluctuation fre-
quency of international grain prices increased significantly.
The prices of wheat, corn, and soybean all reached periodic
peaks in 2008, 2011, 2012, and 2014, while the price of rice
was at a historical high in 2008. On the other hand, the
fluctuation ranges of international grain prices increased
significantly. The annual price peaks of the four major grains
in 2008, 2011, 2012, and 2014 all exceeded the corresponding
grain prices during the fourth global grain price peak be-
tween 1995 and 1996.

The above analysis shows that since 2000, for the four
major grains, the fluctuation range of the difference between
production and demand in the proportion of total output
has fallen significantly. For grain price peaks in 2008 and
2011, wheat, corn, and rice showed a positive supply-de-
mand gap, and soybean had negative supply-demand gap
ratios of -4.43% and -7.55%, respectively. For grain price
peaks in 2012, only wheat showed a negative supply-demand
gap ratio of -3.22%. For the grain price peak in 2014, all 4
grains had positive supply-demand gaps. This indicates that
since 2000, the trend of international grain prices is char-
acterized by a weakening link with the fundamentals of
global grain supply and demand. Large fluctuations in in-
ternational grain prices do not entirely stem from the tra-
ditional imbalance between global grain supply and demand.

2.2. No Obvious Gap between Global Grain Supply and De-
mand in Recent Years. In this paper, we first surveyed the
total output and consumption data of four major grains
(wheat, corn, rice, and soybeans) from 1992 to 2019 (see
Figure 2). In Figure 2, wheat, corn, and rice all had large
supply gaps in 2002 and 2003. In 2002, the supply-demand
gaps of the three main grains were 34.44 million tons, 20.16
million tons, and 25.46 million tons, respectively. In 2003,
the supply-demand gaps of the three main grains were 34.18
million tons, 24.2 million tons, and 22.07 million tons,
respectively. Soybeans showed a larger supply gap in 2011,
with a shortfall of 18.08 million tons. In other years of
Figure 2, the gap between supply and demand of the world’s
four major grains was relatively small.

In order to reflect the asymmetry between the annual
supply and demand of the four staple grains over the past 30
years, we calculate the proportion of the difference between
the total global output and the total global consumption in
the total global output (see Figure 3). It can be seen that,
between 1992 and 2019, the proportion of the difference
between output and consumption in the total output of
wheat, corn, rice, and soybean fluctuated from -6.16% to
5.96%, —7.34% to 4.4%, —7.71% to 2.56%, and —7.55% to
8.84%, respectively. Since 2008, the fluctuated proportion

shrank significantly for the four major grains. In particular,
the supply and demand of wheat, corn, and rice are basically
in a balanced state, and the difference between production
and demand in the proportion of the total output fluctuated
from -3.24% to 5.96%, —2.14% to 4.20%, and —0.67% to
2.56%, respectively. According to the above analysis, we
found that there is no obvious gap between supply and
demand in the global grain market reflected by the four
major grains. In most years, the total output of wheat, corn,
and rice is even higher than total domestic consumption.

2.3. Speculative Forces in International Capital Markets
Pushed Up International Grain Price after GFC.
According to the statistics of the International Grain and
Agriculture Organization (FAO), total world grain pro-
duction increased from 2.01 billion tons in 2006 to 2.11
billion tons in 2007, an increase of 4.9%. However, with the
rapid growth in biofuel, grain demand also steadily in-
creased. As a result, global grain stocks at the end of the
quarter dropped from 427 million tons in 2006 to 408
million tons at the end of 2007. Although the stock was still
in surplus at the end of the season, concerns about grain
supply shortages led to grain export restriction policy in
some countries, such as Argentina, India, Pakistan, and
Russia. The policy shifts in major grain exporters also
attracted speculative money into the international grain
derivative market. The total position of grain futures and
options continued to rise within this period (see Figure 4),
which led to excessive trade and further pushed up grain
prices. Against the backdrop of steady growth in total grain
production, the rising trend of the four major grain prices
continued until the second quarter of 2008 and reached
phase peaks. According to IMF data, the monthly price of
wheat on the international market rose from $172.6/ton in
January 2007 to an all-time high of $403.8/ton in March
2008, an increase of 234%. Meanwhile, the monthly price of
rice increased from $313.5/ton in January 2007 to a record
high of $1015.2/ton in April 2008, an increase of 324%.

2.4. Excess Financial Liquidity Generated by QE Leads to
Drastic ~ Volatility in  International — Grain  Prices.
Stimulated by high grain prices since 2007, major grain-
producing countries made efforts to increase production in
2008, and global grain production reached about 2.164
billion tons, an increase of 2.46%. The increase in grain
production drove grain prices down from their historic
highs. For instance, according to USDA, the spot price of
wheat fell from $7.78/bushel on July 7, 2008, to $4.23/bushel
on December 9, 2008, a decline of 45.6%. However, after the
outbreak of the subprime mortgage crisis which dragged the
US economy into crisis, grain price significantly rebounded.
On one hand, prices of commodities such as grain, which are
priced in dollars, rebounded again as a result of the dollar’s
decline. On the other hand, the QEs, which were launched by
the US Federal Reserve three times (see Table 1), released a
large amount of financial liquidity into the grain futures
market. The consequent increase in speculation caused
dramatic fluctuations in international grain price.
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F1GuRre 1: The price fluctuations of the four major staple grains in the international market from 1992 to 2019. Following IMF, the authors
select the FOB price of US No. 1 hard red winter wheat Gulf of Mexico, the US No. 2 yellow corn in the Gulf of Mexico, 5 percent broken
milled white rice from Thailand, and the No. 2 soybean futures contract price of the Chicago Board of Trade in the United States. Unit: USD/
ton.
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FIGURE 2: Total output and consumption of the world’s four major staple grains from 1992 to 2019 (million tons).
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FIGURE 4: Total position of CBOT wheat futures and options.

Take wheat as an example; the total position of CBOT
wheat futures and options during QE1 increased rapidly
from 313,400 at the beginning of December 2008 to 460,000
at the beginning of June 2009 (see Figure 4), and the average
daily wheat spot price rose from $4.22/bushel to $6.28/
bushel during the same period, an increase of 48.5%. During
QE2, CBOT wheat futures and options trading reached an
all-time high of 722,900 contracts, while the wheat spot
prices reached $9.76/bushel on February 10, 2011. During
QE3, the wheat spot price peaked at $9.69/bushel on Sep-
tember 17, 2012.

3. Methodology and Data

3.1. Methodology. By imposing long- or short-term re-
strictions on the economic model, the structural vector
autoregressive (SVAR) model can identify the sources of
different economic shocks and improve the fitting degree of
the model to economic variables. By employing SVAR
model, we explore the impulse responses of grain prices to
the shock of global grain supply, demand, speculation, and
financial liquidity.
The form of the SVAR model is as follows:
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TaBLE 1: The Fed’s three quantitative easing monetary policy schedules.

Time period

Measurements

Dec. 2008-March
QEl 2010
QE2 Nov. 2010-June 2011

Purchased a total of $1.25 trillion in institutional MBS and $300 billion in Treasury bonds.

A total of $600 billion in Treasury bonds were purchased.

Purchase of $40 billion of MBS per month with distortion operations (OT) since Sep. 2012. Purchase of $45
QE3 Sep. 2012-Oct. 2014 billion in Treasury bonds since Dec. 2012. The purchase scale started to reduce in December 2013 and ended in

October 2014.

p
Ty=a, + Z Tix,_; + & (1)

i=1

where x, = (X, Xy X3, Xy X5,) is @ 5 1 vector, a, is a
constant vector, ¢, denotes error vector, and p is the lagged
order. If the matrix T, is invertible, we can get its reduced
form:

p
xt = roilat + Z roilrixt_l’ + ut’ (2)
i=1

where u, = T, '¢,. In order to identify the above model, we
need to impose identifying assumptions and obtain a re-
cursively structural model. Let X, =
(Prodction,, Demand,, Exchange,, Speculation,, Price,)”,
where Prodction, represents the global supply of grains in
period t, De mand, represents the global grain demand in
period t, Exchange, represents the effective USD exchange
rate in period ¢, Speculation, represents the total holdings of
tutures and options of each grain on the CBOT, and Price,
represents the international spot price of each staple grain
during period t.

Based on the short-term relationship between variables,
the recursive restrictions in this structural model assume the
following. First, considering the seasonality of crop planting,
the global grain supply Prodction, will not respond to a shift
in demand for grain Demand, within the same month.
Second, as an effective substitute for international financial
liquidity, fluctuations in the real effective exchange rate of
the US dollar Exchange, will have no impact on the global
grain supply and demand in the short term. Third, the
fluctuation of Speculation, will not affect global grain supply
and demand in the same month, as well as the real effective
exchange rate of the US dollar. Finally, the change of in-
ternational grain price Price, does not influence the inter-
national capital speculation, the real effective exchange rate
of US dollar, and the global grain supply and demand in the
same month. Under the above restrictions, Iy is a lower
triangle matrix; that is,

utzl“oflst
1 0 0 0 0\ /¢,
1 0 0 0| & 3
=l 13, 735 1 0 O & |-
Ty Tgp Tz 10 2
Ts; Tsy Tsy Tsq 1 Es¢

Then, the SVAR model is a just-identified model.

3.2. Variable Selection. In this work, we discuss the actual
effect of grain supply, demand, financial liquidity, and
speculation on international grain price fluctuation.
According to the previous theoretical analysis, the effective
exchange rate of the US dollar is used to reflect the fluc-
tuation of financial liquidity. Therefore, monthly average
data of the real effective US dollar exchange rate index is
used as the substitution variable of financial liquidity. The
change of aggregate gross position in grain futures and
options contracts can reflect the change of international
capital speculation. Therefore, the monthly average position
of grain futures and options contracts for four major grains
(wheat, corn, rice, and soybean) in the Chicago Stock Ex-
change (CBOT) is used as a substitute variable for the
speculation.

Global grain production is mainly affected by planting
options of farmers and weather conditions. Meanwhile, the
demand for grain is mainly affected by the situation of the
global economy. Hence, USDA crop yield forecast data for
major countries and the world is selected as substitute data
of the global grain supply, while the Baltic Dry Bulk Index is
selected as a representative indicator of global economic
activity and global grain demand.

Finally, as for the international grain price, we select the
monthly data of the international spot price of wheat, corn,
rice, and soybean. Considering the availability of data, the
period of all data is July 2002 to August 2020. The main
sources of data in this paper are USDA, CBOT, the World
Clearing Bank, and the Wind database.

3.3. Data Stationarity Test. All the data applied here are
monthly data, from 2002/7 to 2020/8. Before the empirical
analysis, we take the log change of all the data. In Table 2 of
the data stability test, the results of the ADF, PP, and KPSS
stability test showed that the first-order logarithmic dif-
ference of almost all data was stable at 1% of the significant
level, while only the KPSS level test of the real effective
exchange rate index is not stable at the significance level of
10%.

4. Empirical Analysis

The impulse response function measures the effect of a one-
standard-deviation random perturbation of each variable on
a specified variable. The function can intuitively describe the
dynamic interaction and effect between variables and judge
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TaBLE 2: Data stability test.
Variables ADF test PP test KPSS level KPSS trend
Production (corn) —6.68"** —189.63*** 0.017 0.018
Production (wheat) —5.48*** —208*** 0.028 0.027
Production (soybean) —6.47"** —203.97*** 0.023 0.023
Production (rice) —7.82%** —211.12*** 0.047 0.033
Demand -7.16*** —187.24*** 0.053 0.046
Exchange -5.61""" -132.53""* 0.38" 0.042
Inventory (corn) —6.32%** —132.53*** 0.13 0.033
Inventory (wheat) —-6.66"** —-237.54*** 0.32 0.042
Inventory (soybean) -6.36"*" -203.27*"* 0.059 0.017
Inventory (rice) —4,57%* —255.45%** 0.059 0.041
Price (corn) —6.54*** —176.08*** 0.17 0.045
Price (wheat) —5.19%** -165.06*** 0.10 0.042
Price (soybean) —6.39%** —126.04*** 0.13 0.029
Price (rice) —6.86*** —120.84*** 0.12 0.053

*, **, and ***indicate the significance at the statistical levels of 10%, 5%, and 1%, respectively.

the time lag relationship between variables from dynamic
reactions. Figures 5-8, respectively, describe the response
trend of four grain prices against shocks in grain production,
demand, US dollar effective exchange rate, and holding
position of futures and options. The vertical axis represents
the side and magnitude of each endogenous variable to the
impact response, while the horizontal axis represents the
time lag. The solid line represents the pulse response
function, and the dotted line represents the plus or minus
two standard deviation bands. In terms of duration, 15
periods were selected for analysis in this work.

As shown in Figure 5, an increase in global production of
wheat and corn will rapidly lower their market price, after
which the impact of global supply on prices will gradually
move towards zero in seven months. An increase in soybean
supply will have a negative impact on its price, which peaks
in the fifth month before it rebounds and gradually moves
towards zero. On the contrary, a structural supply shock will
first generate a positive impact on rice price before it
gradually gets stabilized. Here the rice price responses to-
wards supply shocks are not consistent with general per-
ception. That is probably because the population growth rate
of East and Southeast Asia, where the main consumer area of
rice is, is higher than rice production growth rate. In ad-
dition, despite production growth, restrictions on rice ex-
ports by the major producer countries also continuously
push up international rice price. Therefore, we may conclude
that the reaction of wheat, corn, and soybean prices to yield
shocks indicates that the increase in grain supply reduces its
price, in line with our conventional understanding.

Figure 6 gives the impulse responses of the four staple
grain prices to structural demand shock. We find that all
staple grain prices make rapid positive responses in the first
month after the global demand shock and then gradually
stabilize and tend to zero. Wheat and corn both achieve their
largest positive response in the fifth month, while rice and
soybean make the largest positive response in the first
month. This suggests that a rising grain demand will lead to
higher grain prices, in line with the traditional theory of

supply and demand. In addition, we find that, different from
other commodities such as oil, the global economy has a
negligible effect on the four staple grain prices. One ex-
planation is that the fluctuation of global economy will not
have a significant impact on global demand for the staple
grains, which are daily necessities. Global demand for staple
foods depends largely on global population changes and per
capita food consumption. Per capita food consumption is
less resilient to fluctuations in the global economy.

In Figure 7, we show the impulse response of the grain
price to the structural shock of the effective US dollar ex-
change rate. Given a structural shock of US dollar effective
exchange rate, all four staple grain prices respond negatively
in the first month and then start to rebound and eventually
tend to 0. The impulse responses of wheat and soybean reach
their peak responses in the second month, while rice is in the
third month and corn is in the sixth month. This result
shows that excessive issuance of US dollars leads to excess
financial liquidity, which in turn devalues the US dollar and
pushes up grain price.

In Figure 8, after the structural shock of speculation, the
price of wheat, corn, and soybean shows positive response
quickly; then the range of fluctuation gradually becomes
smaller and gradually tends to 0. The maximum response of
corn and wheat price appears in the first month, while
soybean price appears in the second month. This indicates
that the speculation in wheat, corn, and soybean markets is
active, and its effect on price can reach a maximum in a short
time. Under the background of grain financialization, the
impact of international speculation on grain pricing is in-
creasing. This conclusion supports the view that increasing
total derivative positions due to speculation and frequent
trade leads to higher grain price. Meanwhile, the hysteretic
behavior of speculative shock pushing up rice price is mainly
because the derivative market scale of rice is relatively small
compared to the other grains. For example, the average
position of CBOT rice accounts for only 1% compared to
average CBOT corn position, implying less speculation and
slower price response than the other three grains.
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FIGURE 5: Impulse responses of the four staple grain prices to one-standard structural supply shock.
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5. Conclusions and Policy Suggestions

First, we analyze the historical relationship between grain
supply, demand, and price and find that the dramatic
fluctuation in international grain price is no longer fully
explained by the traditional supply-demand theory, espe-
cially after GFC. So, we theoretically discussed the detailed
relationship between financial liquidity, grain speculation,
and price. Then, we selected several variables that might
affect grain price and employed the structural vector
autoregression model (SVAR) to explore the impulse re-
sponse of grain price to the structural shock of world grain
production, demand, the real effective exchange rate of US
dollar, and grain speculation. From the empirical results, we
found that financial liquidity and world grain production
had a significant negative impact on international grain
price, while international capital speculation had a positive
but weaker effect. Meanwhile, grain demand changes caused
by the global economy had a negligible and positive effect on
grain price.

These results showed that, in addition to traditional
supply and demand factors, financial liquidity and inter-
national capital speculation also had significant impacts on
international grain prices in the context of grain financi-
alization. More abundant international financial liquidity or
greater international capital speculation power would cause
significant rises in international grain prices. According to
our conclusion and considering the current excess financial
liquidity and growing grain speculation, we suggest that
countries around the world should pay more attention to
grain financialization. Given the loose monetary environ-
ment in the post-COVID-19 period, rising global liquidity
and speculation activities may lead to sharp rises and vol-
atility in international grain price and even trigger a grain
crisis. Net grain importing and exporting countries can
consider hedging the risk of grain price fluctuation through
exchange rate instruments. We should strengthen oversight
of futures and capital markets, improve the agricultural
market information disclosure mechanism and the food
security early warning system, release timely and accurate
information on supply and demand of key agricultural
products and guide market price expectations, and prevent
excessive speculation and speculation.
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