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Oil Shocks and the World Rice Market Puzzle:
A Structural VAR Analysis*
Alberto Mondi · Chung Mo Koo · Won Joong Kim
In the last thirty years the price of rice has been extremely volatile
and most likely it has been driven not only by supply and demand but
also by other external economic forces. Since a highly volatile rice
price constitutes a serious threat to the lives of millions of poor in the
Asian and African continents, this paper aims at investigating one of
the main mechanisms believed to be at the basis of rice price formation,
that is to say the impact of oil shocks on the rice market.
A vector autoregression representation of world rice market and oil
shocks is estimated. Oil shocks are treated as endogenous and are
structurally divided into crude oil production shocks and crude oil price
shocks. Rice market is represented by world rice supply and by Thai
export price of rice.
On the basis of the VAR model results, it is possible to notice that
the linkage between oil and the rice market has been changing deeply
since the late nineties, since rice market variables responds differently
to the same oil shocks in different time periods.
Our results show that the impact of oil prices on the price of rice is
relevant in both the short and the long run, and its magnitude has been
strengthening over the years.
Moreover, the main channel of
transmission seems not to be a disruption in rice supply caused by
higher production costs. Finally, unexpected signs of response of rice
supply and prices to rice market shocks confirm that the presence of an
oligopoly between rice exporters, and governments‘ interventions have
been having a relevant destabilizing effect on the market.
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1. INTRODUCTION
In food and agricultural economics the impact of oil prices on cereals
markets has been the focal point of various studies. However, to our
knowledge no empirical research has been carried out about the impact of oil
prices on the rice market. Because of its unquestionable importance as a
staple food, the mechanisms at the basis of the rice market interest billions of
consumers and rice market participants. Moreover, sudden fluctuations in
the price of rice constitute one of the biggest threat to the lives of about 700
million poor people in Asia and Africa living with less than one dollar a day
and spending 30 to 40% of their income on rice alone. Consequently, high
rice prices might become a serious obstacle to poverty and malnutrition
reduction. Because of these reasons, we considered important to extend
previous researches about energy prices and agricultural commodities to the
rice market as well, in order to analyze further its complex structure and to
address a crucial social issues such as high food prices.
The rice market presents some unique characteristics which clearly
distinguishes it from other cereals and other agricultural products, and which
we will present briefly to provide a better understanding of our work.1) The
rice market is traditionally very unstable, with an uncertain availability of
supply and highly volatile prices (Dawe, 2002). The sole Asian continent
accounts for 90% or total rice production, and this elevated geographic
concentration causes the whole rice market to be highly sensitive and
sometimes defenseless against any negative event or shock that might happen
in Asia.
From an international point of view, the world rice market is extremely
thin, since only a 6-7% of the total rice production is traded, and five
countries, Thailand, Vietnam, India, Pakistan and U.S., account for 82 to
90% of total exports. This is a strong source of uncertainty, since a shortfall
in production in one of those countries might deeply influence world rice
1)

For a more detailed description of rice market‘s peculiarities, please refer to the excellent
work by Dawe (2002), and Childs and Kiawu ( 2009).
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prices. In addition, the rice market has relatively low global stocks, which
are often not enough to serve as price cushions or to compensate for sudden
supply shortfalls. Finally, the rice market is highly fragmented since rice is
mostly grown by smallholders, it presents great transaction costs in trading
since it is marketed by a dense network of small traders, and it has a very low
domestic elasticity of demand, being the basic component of the diet of most
of its consumers (Dawe, 2002; Timmer, 2009).
From a first rough analysis, we identified five main channels through
which oil is very likely to affect supply and prices of rice. The first is the
price of oil-derived fertilizers which are employed in rice production. For
instance, following the rapid increase of the price of oil during the last
decade, the price of urea, an essential fertilizer for rice production, has
almost doubled in the last four years.
The second channel is freight costs, which are obviously directly affected
by increases in oil prices. Freight costs have no influence on production,
but they raise the market price of rice for importing countries and they are
considered to be one of the main causes of hoarding behaviors.
The third channel is market expectations and precautionary demand.
Since the price of oil is followed closely as an indicator of global economic
conditions by all the participants in agricultural commodities markets, high
oil prices are often a basis for inflationary expectations among consumers.
Moreover, in agricultural markets, high oil prices are also associated with
concerns for higher future production prices, and they also bring about fears
about future supply shortfalls. Then, due to the intrinsic instability of the
rice market, inflationary expectations together with fears of future supply
shortfalls often provoke hoarding behaviors, market panic and abrupt
precautionary demand. Consequently, these collective actions cause the
price of rice to build up significantly without any change in supply and
demand fundamentals.
The fourth transmission channel is speculation in the futures market. The
activity of speculators in futures markets consist in buying futures contracts
of goods with a potential for asset price appreciation. For this reason, if oil
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prices are too high and they do not show any room for future appreciation,
then speculators shift their interest toward major agricultural commodities,
such as rice and other cereals. Excessive speculation in the rice futures
market could initially push up futures prices, and then, through arbitrage
opportunities, raise also spot prices above levels justified by supply and
demand forces.
Finally, the last channel of influence is the substitution effect that makes
rice production to be replaced by production of other grains used in the
manufacture of biofuels. Rising oil prices are a strong incentive for the
utilization and production of biofuels, and an increase in demand of biofuels
also requires a larger quantity of cereals, such as maize, from which biofuels
are derived. Thus, this not only causes higher cereals prices, which may be
transmitted to the rice market as well, but it also causes a decrease in the
production of rice, since more land is used up for cultivating cereals needed
for biofuel production. Until now, the direct impact of biofuel production
on the rice market has likely been small, but in the future the linkage is
expected to become stronger.
Departing from these broadly accepted hypotheses about the influence of
the oil market on rice production and prices, this paper aims at verifying
empirically whether oil shocks really have a significant and direct impact on
the rice market. Additionally, we will estimate the magnitude of this impact,
and we will try to single out which among the transmission channels are the
most relevant and influential.
For the empirical part of this study, a structural vector autoregression
(VAR) representation of the world rice market and oil shocks will be
estimated. We analyzed the world rice market by considering the world
export price of rice and world total rice supply. Oil shocks are represented
by the real price of crude oil and global crude oil production. The first
shock, hereafter called as oil price shock, captures hikes in the price of oil
due oil-market specific increases in precautionary demand, which is demand
generated by fear of future oil shortages or higher-than-normal future oil
prices. The second shock is a crude oil supply shock and it reflects
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exogenous political oil supply shocks (increases in supply due to cheating
cartel members, or due to recovery after a war), as well as increases in the
production of oil due to improvements in extraction technologies or to the
discovery of new oil reservoirs. We will explain these choices in detail in
the data section.
In the second section of this paper, an overview of the literature about rice
price formation and previous studies about the impact of crude oil on food
commodity prices are presented. The third section is dedicated to the
theoretical model utilized. The fourth part of the paper introduces our data
and briefly describes some relevant trends they present. Finally, we will
discuss the results and draw some conclusions.

2. LITERATURE
While mostly of recent studies found significant results about the impact
of oil prices on the supply of maize, wheat and soybeans, a clear relationship
between the rice and the oil market is yet to be demonstrated. To our
knowledge, the only recent paper that is closely related to our field of
research is the work by Chongvilaivan (2008), who focuses on the
relationship between energy price shocks and rice prices in Thailand for the
years from 1975 to 2008. Using co-integration analysis he proves the
existence of a long-run relationship between energy prices and Thailand‘s
rice prices, supported by the evidence that an increase in world energy prices
results in a lagged hike in Thailand‘s rice prices. With regard to the shortrun however, he cannot verify whether rice prices react to energy shocks,
since his results are not statistically significant. In addition, he shows that
external shocks to the Thai rice market are usually temporary as the price of
rice reverts to its long-run trend over time.
Among the studies about how rice price formation might have changed in
the last decade, the most recent and wide-ranging analysis was done by
Timmer (2009) in response to the 2007/08 food crisis. Timmer (2009)
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found that, analyzing daily data from December 1999 to July 2008, the
Euro/US$ exchange rate Granger-causes the export price of rice, even if this
linkage appears only for certain periods of time and then suddenly disappears.
Because rice is mainly traded in U.S. dollars, it makes economic sense that
when the value of the dollar declines, trading prices for rice increase.
However, it is difficult to explain why those linkages only last for a few
months, and then vanish, and afterward materialize again.
In the same paper Timmer (2009) investigates cross-commodity linkages
between rice, maize and wheat. Through Granger Causality analysis, he
found that on a eight years long time horizon (December 1999-July 2008)
rice is Granger-caused by the Euro/dollar exchange rate 47% of the time, by
hard wheat 33% of the time, and by soft wheat 27% of the time. In turn,
rice was found to Granger-cause the Euro/dollar exchange rate, and soft and
hard wheat around 30% of the time. No statistical analysis was conducted
about rice and crude oil, and rice and maize.
Although the studies specifically related to rice prices movements are only
a few, after the biofuels issue had being raised by the recent food crisis, a
considerable number of papers have been dealing with the impact of crude oil
on major agricultural commodities. Among those studies, Arshad and
Hameed (2008) applied cointegration tests and Granger causality tests to
investigate whether there is any relationship between petroleum prices and
cereals prices. They found that rice prices and oil prices are cointegrated.
Moreover, they show that there is Granger causality from oil price to rice
price in the long run, whereas, as it could be easily predicted, rice has no
impact on oil prices. In addition, their results deny the existence of any
causality relationship in the short run (Arshad and Hameed, 2008).
In an attempt to empirically validate the main explanations given to the
2007/08 food crisis, Cooke and Robles (2009) utilized monthly data from
2002 to early 2009 for the price of maize, wheat, rice and soybeans, and they
run rolling Granger causality tests of a series of exogenous variables, chosen
as proxies for the crisis‘ explanations, on each of the four commodity prices.
Since crude oil prices are included between the exogenous variables, Cooke
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and Robles‘ findings are particularly interesting in relation to the empirical
research we are going to carry out in this paper. First of all, they found that
although prices of wheat, maize and soybeans all responded significantly to
proxies for speculation and financial activity in futures markets, the price of
rice shows different results. With regard to rice, they observed that the only
significant exogenous variables in explaining the rice price formation process
were the growth rate of past rice prices and current growth rate of fertilizer
prices. Moreover, after running Granger-causality tests on rice prices, they
noticed that the U.S. dollar depreciation rate has slightly Granger-caused the
growth of rice price for a 30-months interval between 2004 and 2007.
Additionally, the growth rate of real world money holdings seemed to be
Granger-causing the growth rate of rice prices after 2007.
With reference to the existing literature on the topic, we believe our paper
is innovative and noteworthy for a few reasons. First, we do not limit our
analysis to the price of rice, but we also utilize monthly data on world rice
supply, so that we can provide an insight into the supply side of the rice
market. This procedure will allow us to understand whether an oil shock is
transmitted directly to the price of rice, or whether rice prices increase
because of higher costs of production. If the supply side of the rice market
is not the channel of transmission of oil prices to rice prices, then we can
suppose that futures market speculation and biofuels production effectively
play a role in affecting the rice market.
Second, while most of the studies on the impact of energy prices on
agricultural commodities utilize co-integration tests or Granger causality tests,
we estimate a vector autoregression representation (VAR) of our variables.
This allows us to better capture the evolution and the interdependencies
between the data series, and to investigate the impact on the rice market not
only of oil shocks but also of rice market‘s variables themselves.
Third, we do not treat the price of oil as exogenous, but we distinguish
whether the oil shock is caused by disruptions in oil production or if it is
caused by shifts in the price of oil driven by precautionary demand. By
doing so, we will be able to understand which oil shocks truly represent a
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threat for rice market stability. Additionally, because we employ a quite
long sample of data (from October 1980 to December 2009, for a total of 351
observations), and we run our tests on different time periods, we will also be
able to detect any significant variation in the market over the years, or in the
linkage existing between the rice market and oil prices.
Finally, the last part of our analysis will focus on rice market variables
alone, and we will test for the responses of rice production and prices to
respectively a rice production shock and to a rice price shock. This will
also clarify how the rice market reacts to internal shocks, and whether supply
promptly reacts to higher prices and, vice versa, whether prices rapidly fall in
response to higher production levels.

3. EMPIRICAL MODEL
For our analysis we consider a structural VAR model with block
exogeneity:2)

 Z1t  P  B11i B12i   Z1t t   1t 
    i
   ,
i 
 Z1t  t 1  B21 B22   Z 2t t    2t 
where B12i  0 for each i  0, 1, , p.
z1t is a n1  1 vector of oil shocks variables, and z2t is a n2  1 vector
of rice market variables, and n  n1  n2 . z1t includes real price of crude
oil and global oil production (n1  2), and z2t contains the world real
price of rice and global rice supply (n2  2).
A vector of structural shocks,  t  [1t  2t ], is uncorrelated with past
zt i for i  0 and satisfies E ( t  t zt i , i  0)  I and E ( t zt i , i  0)  0.
1t is a vector of structural shocks relative to the oil market, and  2t is
2)

Refer to Lastrapes (2005) and Kim (2007) for a detailed explanation of a structural VAR
model with block exogeneity.
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relative to the rice market.
The world rice market is evidently smaller than world oil market and for
sure the former has no economic impact on the latter. Thus, we assume that
rice market variables ( z 2t ) have no effect on oil market variables ( z 1t ) at
any lags.
The paper now assumes that the ordering of the variables of the two
markets is given as:

 z   a 
zt  at   1t    1t  ,
 z2t   a2t 
 p oil 
z1t  a1t   toil  ,
 yt 
 p rice 
z2t  a2t   trice  ,
 st 
where z 1t denotes the world crude oil market, and z 2t stands for the
world rice market. ptoil ( ptrice ) denotes the real price of oil (rice); ytoil
denotes global oil production; strice stands for world rice supply, which
includes world rice beginning stocks plus world rice production.
This model assumes that the long-run impulse response matrix for each
system is fully lower- triangular. Then, an oil price shock has no long run
impact on oil production, and a rice price shock has no long run impact on
rice supply as well. These assumptions fully identify the entire system.

4. DATA
The study uses monthly data from October 1980 to December 2009 (351
observations). On the oil market side, we utilize world petroleum production
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Table 1

Unit-root Test Results

Dickey-Fuller Tests

Phillips-Perron Tests

Log Level

Log Difference

Log Level

Log Difference

Oil Production

–0.88

–13.39***

–0.99

–19.00***

Real Oil Price

–2.18

–10.48***

–1.71

–12.10***

Rice Supply

–1.43

–12.73***

–1.36

–19.51***

Real Rice Price

–2.71

–10.82***

–2.37

–12.38***

Note: *** indicates statistical significance at 1% level.

and the refiner acquisition cost of imported crude oil. On the rice market
side, we employ data on world rice supply and the Thai export price of rice.
All the variables are in logarithmic form and are seasonally adjusted.
Before we run the VAR, we perform unit-root tests using both the augmented
Dickey-Fuller and the Phillips-Perron methods. The test results confirm
that all the variables have unit roots in levels and are stationary in firstdifferences. We also test the vector zt for the presence of cointegration
using the FIML techniques of Johansen with the small sample correction
suggested by Reimers (1992). The tests revealed no strong evidence for the
existence of cointegrating vectors in the system. Thus, the model
specification, in which the variables are first differenced and no errorcorrection terms are included, is reasonable.3)
Even though in this paper we report the results obtained using real prices
for rice and oil, since both prices are deflated by the U.S. CPI, we also run
the same empirical tests with nominal prices and we did not find any
significant difference in the two outcomes. Although we utilized Thai rice
prices, we believe that, lacking reliable monthly data on Thai inflation during
the last 40 years, deflating them by the U.S. CPI might provide a good

3)

The trace test statistic for the largest root is 35.69, less than 5% critical value of 48.28 as
reported by Banerjee et al. (1993, table 8.6); the analogous maximum eigenvalue test
statistic is 17.52, less than 5% critical value of 27.14. This supports non-rejection of the
null hypothesis of no cointegration.
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approximation of how the price level has been changing in the global market
during the period considered.
We also included some control variables in our VAR model. With regard
to world rice supply (figure 1), a substantial structural change can be noticed
in correspondence of March 2001, since in that month the Chinese
government disclosed data on China rice inventories. Consequently, the
USDA had to revise data on China‘s rice stocks, and this caused a sudden
upsurge in the records. To control for this structural change in the data, the
study includes one dummy variable for data relative to May 2001 (=1 if
2001:5; =0 if otherwise). In addition, on the oil market side we use four
dummy variables to control for historical events that deeply influenced world
oil production and oil prices. The first dummy is relative to the Iran-Iraq
War (=1 from 1981:04 to 1988:11; =0 otherwise), the second one is relative
to the Gulf War (=1 from 1990:10 to 1992:01; =0 otherwise), the third one
controls for the Asian Crisis (=1 from 1997:08 to 1998:12; =0 otherwise) and
the last one refers to the recent Global Financial Crisis (=1 from 2008:06 to
2008:12; =0 otherwise). We included the variables in the model after
noticing that they did have a relevant impact on our results and they are
statistically significant in almost all the tests we performed. Finally, in
order to control for other major macroeconomic events that might have
affected the prices of oil and rice, our model also includes among the
exogenous variables the U.S. federal funds rate, which monitors the influence
of financial markets, and the U.S. trade weighted exchange rate index
calculated against a broad set of foreign currencies, which controls for the
effects of exchange rate volatility. We now proceed with a brief description
of each data series.
4.1. Export Rice Prices
One simple indicator of how ―different‖ the world rice market is from the
maize and wheat markets is that there is no daily, transparent, reliable
price quotation for rice exports from any of the major origins (Timmer, 2009).
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Figure 1 Historical Changes in the Variables: Rice Market
World Rice Supply
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Sources: Rice Supply: United States Department of Agriculture (October 1980-December
2009), Rice Price: Committee Board of Trade of Thailand (January 2010).
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For this reason, as a proxy for world rice prices, we used monthly export
prices of Thai rice, as it is commonly done by major rice market‘s analysts.4)
In particular, among the many different kinds of rice, we chose to utilize
monthly prices of 5% brokens rice, a low-cost variety which is widely-traded,
and mostly purchased by low-income consumers.5) We use export prices
because they are less influenced by freight rates, exchange rates and domestic
inflation than retail prices. The lower panel of figure 1 plots the percentage
of change for the price of rice from October 1980 to December 2009. The
source of our data is the Rice Committee Board of Trade of Thailand.
4.2. Global Rice Supply
Due to the rice market structure, which consists of millions of farmers,
traders, rice millers, retailers and consumers, an exact monthly record for rice
total supply is not easily available. In order to overcome this problem, we
created manually a spreadsheet by collecting estimations about world rice
supply from each monthly issue of the World Agricultural Supply and
Demand Estimates Report of the United States Department of Agriculture
(USDA).6)
Differently from the price of rice, rice supply has been showing relatively
low volatility, following a path of moderate but steady increase over the
years. However, rice production‘s growth in the last twenty years has not
been enough to meet the rapidly increasing demand for rice consumption.
And most of the responsibility for this long mismatch between production
and consumption is attributed to relatively low rice prices. As a matter of
fact, low prices did not provide any strong incentive for farmers to increase
supply and for governments to invest more in research and development in

4)

5)

6)

See for example: Harri, Nalley, and Hudson (2009); Timmer (2009); Childs and Kiawu
(2009); Cooke and Robles (2009).
For detailed information about rice varieties please refer to the website: http://www.
pechsiam.com/allabout_ricedefinitions.htm
Monthly publications from 1973 until now of the report can be found at the link:
http://usda.mannlib.cornell.edu/MannUsda/viewDocumentInfo.do?documentID=1194
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rice cultivation. Therefore, while production has been showing only modest
rates of increase, rice consumption has been rising rapidly due to an incessant
growth in world population, which has being particularly elevated especially
in rice consuming nations, such as Africa and South-East Asia.
4.3. Real Price of Oil
Both the data on world crude oil price and world crude oil production are
extracted from the Monthly Energy Review of the U.S. Energy Information
Administration (EIA). We did not consider the price of oil as a given
exogenous variable, but instead we included in our model world oil
production, following the findings of a recent paper by Kilian (2009).
Kilian (2009) showed that it might be erroneous to consider the price of oil
as exogenous, since it is in turn determined by other demand and supply side
shocks, each of which has a distinct impact on oil-related macroeconomic
variables. Specifically, Kilian (2009) divides oil shocks in crude oil supply
shocks, shocks to the aggregate global demand for industrial commodities,
and global demand shocks that are specific to the crude oil market. The
first shock refers to crude oil production. The second shock measures
global real economic activity by a global index of dry cargo single voyage
freight rates.7) And the latter shock is designed to capture shifts in the price
of oil driven by higher precautionary demand associated with fears about the
availability of future oil supplies (Kilian, 2009).
With reference to this paper, we utilize in our study two of the shocks that
Kilian described. A crude oil supply shock is represented by data on global
crude oil production, and global demand shocks that are specific to the crude
oil market are represented by the real price of crude oil. This shock is
designed to capture shifts in the price of oil driven by high precautionary
demand associated with fears about the availability of future oil supplies
(Kilian, 2009). We left out of our investigation shocks to the aggregate

7)

For a more detailed description of these variables see (Kilian, 2009).
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global demand for industrial commodities, since we did not regard it as
relevant for the rice market, and because in the time interval we considered
global aggregate demand has going through various structural changes that
might distort our results.8) We consider the price of oil as a function of its
past values and of oil production, and oil production as a function of its past
values and of oil price, and we impose the restriction that oil prices have no
long run impact on oil production.
4.4. Global Oil Production
The upper section of figure 2 plots the percentage of change of world
crude oil production. It can be noticed that almost all the sharp movements
in oil production reflect historical events which are strongly linked to the oil
market. In 1973/74, the Yom Kippur war and the Arab oil embargo caused
a reduced production. After a five-year recovery period, production fell
again in 1980/81, respectively by 6.9% and 5% as a consequence of the
1978/79 Iranian revolution. In the following years, oil production registered
a constant increase, slightly declining only in 1990 and in 1992 during the
Persian Gulf War.
While it showed only minimal monthly cutbacks after the outbreak of the
Iran-Iraq War in late 1980, oil production fell significantly in 1998/99,
affected by the aftermaths of the 1997 Asian crisis. A much smaller
decrease, in contrast, is noticeable in the months leading up to the 2003 Iraq
War.
Finally, in the last five years, crude oil production exhibited a high
volatility, particularly in 2006, and it fell sharply between the second half of
2008 and the first months of 2009, after the outburst of the global financial
crisis.

8)

For instance, the increasing participation to the world market of China in the mid eighties,
the dissolution of the Soviet Union in 1991, and the rapid economic development of India,
Brazil, Indonesia, etcetera.
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Figure 2 Historical Changes in the Variables: Oil Market
Price of Crude Oil

60.00%

50.00%

40.00%

30.00%

20.00%

10.00%

0.00%

-10.00%

-20.00%

-30.00%

-40.00%

World Oil Production

6.00%

4.00%

2.00%

0.00%

-2.00%

-4.00%

-6.00%

-8.00%

Sources: ‗Monthly Energy Review‘, Energy Information Administration, U.S. Department of
Energy (February 2010).
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5. RESULTS
In the last thirty years, the period covered by our data sample, the oil and
the rice markets have been experiencing radical internal developments, they
have been highly influenced by external factors such as new environmental
policies or new food habits, and finally they became increasingly affected by
new economic factors, such as financial speculation and the biofuels market.
For this reason, we carried out our analysis for three different time periods.
First, we analyzed the whole data sample. Then, we divided it into two
different intervals, one going from October 1980 to May 2001, and the
second including the remaining data until December 2009.
We chose May 2001 as a point of separation of the time series, because it
is the month in which the price of rice reached its lowest level ($164 per ton),
and at the same time it is the month in which our data on world rice supply
present a sudden upsurge due to data revisions following first China‘s
agricultural census. Moreover, by using the year 2001 as a dividing line, we
want to make a comparison between the two markets in the last decade and
their structure in the previous years.
From our VAR model, four different shocks are identified, and three
different responses can be estimated. Therefore, there are 4  3  12
relationships among the various shocks and responses. The reported
responses of the variables are to be interpreted as the reactions of the level of
the variables. Each of the shocks of the model corresponds to a unit change
in the standard deviation of the variable represented by the shock. Each
graph includes a standard error band for each response, which has been
generated from a Monte Carlo simulation with 1000 replications. On the
basis of the Akaike Information Criterion (AIC) and the Schwarz Bayesian
Information Criterion (SBIC), we fixed the lag lengths of our model equal to
one. Because of lags ( p  1) and differencing, the estimation period is
1980:12-2009:12, which includes 348 monthly observations. There are 339
degrees of freedom in each equation of the oil market sub-VAR, and 335
degrees of freedom in each equation of the rice market sub-VAR. The
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forecasting horizon is limited at 12 months after the shocks because all the
impulse responses resulted to be stabilized after that point.
We also run an unrestricted VAR model for all the variables and we
obtained the same results. Therefore, our assumptions are a good
representation of reality and they do not bias the model.
5.1. Impulse Responses
5.1.1. Responses of oil market variables to oil shocks
Figure 3a, 3b, and 3c illustrate the responses of oil market variables to oil
shocks. In all the three time intervals, an oil production shock has, as
expected, a positive effect on oil production. The impact is stronger in the
full sample period and in the period ending in May 2001, since in those
intervals an oil production shock causes oil production to rise at instant by
respectively 12 and 14%.
For the period covering the last nine years, the impact is surprisingly
smaller, with oil production rising by 0.7% at instant, and stabilizing at that
level in the long run. This might probably be due to high exploitation of oil
reservoirs and to the difficulties in discovering new areas for oil extraction,
so that an improvement in technology cannot be completely exploited in all
its potential.
An even more interesting thing to observe is the effect of an oil production
shock on oil price. Also in this case, our model gives us three distinct
results in the different time periods. As it is shown in the second quadrant
on the left of figure 3a, the response of oil price to a positive oil production
shock is not statistically significant for the full data sample period. The
reason of this unexpected result is that the relationship between an oil
production shock and oil price totally reverted over the years, as the results of
the following time intervals pointed out. For instance, for the period from
1981:05 to 2001:05 the oil price falls as expected in response to a positive
production shock, with a magnitude of approximately 1.06%. On the
contrary, for the period from 2001:06 to 2009:12 the price of oil surprisingly
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Figure 3a

Responses of Oil Market Variables to Oil Shock
(Lags=1, Estimation Period: 1980:12 to 2009:12)
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Figure 3b Responses of Oil Market Variables to Oil Shock
(Lags=1, Estimation Period: 1980:12 to 2001:05)
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Figure 3c

Responses of Oil Market Variables to Oil Shock
(Lags=1, Estimation Period: 2001:06 to 2009:12)
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rises in response to an oil production shock. At instant, it surges by 1%, and
even though it then decreases slightly in the following months, it still remains
at a 0.95% higher level than the initial one.
Then, as we stated above, it is very likely that this last unpredicted
outcome caused the full period results to be statistically insignificant, since it
is not only contrary to basic economic theory, but its magnitude is also
relatively large. We can interpret this outcome as an evidence that in the
last decade the strong built up in global aggregate demand, mainly due to the
rapid growth of China, India and Brazil, have been outweighing aggregate
supply, so that oil prices remain elevated even following increases in
production. Furthermore, another explanation to this result is that with the
development of unregulated international derivatives trading in oil futures
over the past decade, financial speculation driven by large trader banks and
hedge funds have become one of the major drivers of the price of crude oil.
By purchasing large numbers of futures contracts, and thereby pushing up
futures prices to even higher levels than current prices, speculators have
provided a financial incentive for oil companies to buy even more oil and
place it in storage. And this might be the reason why higher production
levels unexpectedly do not cause oil prices to decrease at all.
Our results illustrate as well some interesting peculiarities of the oil market
in the section relative to the effect of a positive oil price shock on oil
production. One more time, the response of oil production to oil price
shocks for the entire time period is not statistically different from zero, and
this is most likely due to the fact that we obtained two completely opposite
results for the two separated time intervals. For the period from 1980:12 to
2001:05, as expected oil production responds positively to higher oil prices,
even though the magnitude of the increase is only 0.081%.
However, for the period 2001.06-2009.12, the results indicate the
existence of a negative relationship between price and supply, since oil
production falls by 0.13% in response to an oil price shock. Even though
this outcome is contrary to basic economic theory, it is consistent with the
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results found in other studies relative to the oil market,9) where it is shown
that oil prices increases do not cause a rise in global oil production and, on
the contrary, there is a small negative relationship between the two variables.
The explanation for this is that while an increase in prices due to a rise in
aggregate demand also pushes supply up, an increase in prices that is
completely driven by precautionary demand might eventually be followed by
a fall in supply. This is because precautionary demand arises from fears and
concerns about future supply disruptions, and thus if those fears are finally
realized, then supply actually falls. Therefore, an oil price shock might be
followed by a drop in oil production in the case that precautionary demand
dominates aggregate demand in determining oil prices. In addition to this,
part of the explanation for this result should perhaps be attributed to the
action of oil cartels‘ members, which face a sudden rise in prices by rationing
output in order to maintain high prices and raise revenues.
5.1.2. Responses of rice market variables to oil shocks
Figures from 4a to 4d illustrate the responses of rice market variables to oil
shocks. Economic theory suggests that an increase in oil production should
be followed by lower oil prices, and by consequence the supply of rice,
which depends on numerous oil derived inputs, is expected to rise because of
lower production costs.
In spite of this, our model presents quite different responses. For the full
data sample period and the 1980:12-2001:12 time interval, rice supply falls at
instant by 0.1% in response to an oil production shock, and for the 2001:062009:12 time period the fall is even larger, since rice supply drops at instant
by 1.6% and stabilizes at a long run level which is 0.2% higher than the
initial one. It follows that the relationship between the two variables is
clearly and unexpectedly negative, and the interpretation for this puzzling
results is quite complicated to find intuitively. For now then, we can try to
provide a theoretical interpretation of the result.

9)

See for instance Kilian (2009).
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Figure 4a

Responses of Rice Market Variables to Oil Shock
(Lags=1, Estimation Period: 1980:12 to 2009:12)
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Figure 4b Responses of Rice Market Variables to Oil Shock
(Lags=1, Estimation Period: 1980:12 to 2001:05)
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Figure 4c

Responses of Rice Market Variables to Oil Shock
(Lags=1, Estimation Period: 1980:12 to 1995:12)
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Figure 4d Responses of Rice Market Variables to Oil Shock
(Lags=1, Estimation Period: 2001:06 to 2009:11)
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We consider rice supply as:
Rsup=f [Oprod ( ), Op( ,  ),  ],

where Rsup stands for rice supply, Oprod stands for oil production, Op
for oil prices, and where  is an oil production shock,  is an oil price
shock and  is a rice supply shock.
We totally differentiate the equation and we have:
Rsup
f
Oprod
f Op





Oprod

Op 

Economic Theory:
VAR Model:

(+)
(+)

(+)
(+)

(–)
(–)

(–)
(+)

The first string of signs after the equation reports whether the relationships
between the terms of the equation are positive or negative in accordance to
economic theory.
If each of them would be true, then the term
Rsup / Osup would be > 0, meaning that there is a positive relationship
between oil production and rice supply. In the second string, however, we
reported the signs of the relationships among the variables based on our
results. In our model the price of oil displayed a positive response to an oil
production shock for the period 2001:06-2009:12. If this would be the case,
then the term Op /  would be > 0, and the whole equation would turn
out to be < 0 if in the right-hand side the last two terms would be bigger than
the first two ones. This result would indicate a negative relationship
between oil production and rice supply, as our model indicated.
In conclusion, we can say that a negative response of rice supply to a
positive oil production shock is possible in the case that oil price reacts
positively to oil production upsurges, so that if this increase in the price of oil
is large enough to offset the impact of oil production shocks on the rice
market supply side, it will cause rice supply to fall instead of rising.
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Regarding the response of the price of rice to an oil production shock, we
obtained three different results for the three distinct time intervals. For
the full data sample test, an oil supply shock causes the price of rice to fall by
0.4% at instant, but then the price increases steadily for the following five
months, until it reaches a level one percentage point higher than the original
one. In the 1980:12-2001:05 period, there is no initial fall in the price of rice,
which on the contrary rises steadily for the first quarter following an oil
production shock, and it stabilizes at a long run level more than 3% higher
than the initial trend. Although they are in contrast with economic theory,
these two results are coherent with the impulse response of rice supply to an
oil production shock and they can be explained with the same reasoning.
However, a real puzzle arises from the impulse response relative to the last
period. As it can be noticed in figure 4d, the price of rice is negatively
related to oil production, and does fall in response to an oil production shock.
In this case the outcome perfectly follows economic theory, but it is in open
contrast with the responses we obtained in the previous time periods.
From these results, it can be noticed that until the late nineties, oil supply
shocks had a quite inflationary and destabilizing effect on the price of rice,
while in the last decade the price of rice has been responding negatively to oil
production shocks. However, in this last case, the channel of transmission
has not been an increase in production, but more likely lower production
costs and expectations of lower prices.
Since our findings are rather puzzling and hard to interpret, again we try to
shed light on them by considering the price of rice as a function of:
Rp=g[Oprod ( ), Op( ,  ), Rsup( ,  ,  ),  ],

where Rp stands for the price of rice, Rsup stands for rice supply,
Oprod stands for oil production, and Op for oil prices.  ,  ,  , a nd
respectively represent an oil production shock, an oil price shock, a rice
supply shock and a rice price shock.
By totally differentiating the function above we obtain:
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Rp
g
Oprod
g Op
g Rsup






 Oprod

Op  Rsup 

Economic Theory:

(–)

(+)

(+)

(–)

1980:12-2001:05:

(–)

(+)

(+) (–)

(–)

(+)

(–) (–)

Following what economic theory predicts about the direction of change of
each variable in response to a change in another one, or in response to a
shock, we expect the rice of price to be negatively related to an oil supply
shock (Rp /   0). This is confirmed by the equation above, where all
the three terms are less than zero, so that also Rp /  would be negative.
However, for the time interval from 1980 to 2001, we found that the real
price of rice responds positively to an oil production shock, so that
Rp /   0. This can be explained by the fact that for the same period we
also observed that rice supply decreases in reaction to an oil production
shock (Rsup /   0). If this would be true, then the third term of the
equation above would turn out to be positive. If its magnitude is big enough
to offset the action of the first two terms, then the existence of a positive
correlation between rice prices and oil supply shocks can be a justifiable.
Proceeding with our analysis, let us observe the impulse responses of
world rice supply and rice price to an oil price shock in the two quadrants on
the left of figures 4a, 4b, and 4c. For the entire sample period, an oil price
shock raises both rice supply and rice prices. Rice supply responds to
higher oil prices rising by 0.08% and stabilizing four months after the shock
at a level that is only minimally higher than the initial one. For this time
period therefore, an oil price shock mainly destabilizes rice supply in the
short run, but it does not produce any substantial change in the long run.
The price of rice needs two months for reacting to an oil price shock, but then
it increases by 0.5% at the fourth months, and it stabilizes eight months after
the shock at a level 1.2% higher. The relationship between the two
variables is therefore positive as expected, even though the magnitude of the
impact is not very elevated.
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For the period from 1980:12 to 2001:05, the results are not only
completely opposite to economic theory, but they are also statistically not
different from zero. This make us presume that there was a certain point in
time when the linkage between the oil and the rice market structurally
changed, probably due to the fact that some transmission channels of oil
shocks on rice market variables changed and some new channels of influence
emerged on the economic scene.
In order to prove this hypothesis, we run the model on shorter time periods,
and we found that the one providing outcomes that better fit both intuition
and economic theory goes from the beginning of our data sample to
December 1995. These results are reported graphically in figure 4c, where
it can be observed that rice supply increases by 0.2% in the first three months
following an oil price shock, for then falling during the next four months
until it stabilizes at a lower level than the initial one. Likewise, the price of
rice first falls by 1% at instant, but it later increases from the second to the
eighth month, becoming stable at a point higher than the previous level by
one percent. These results shows that before 1995 the price of oil had a
short run destabilizing effect on rice supply and rice prices, perhaps because
of imperfect information. Then, in the long run, rice supply as expected
dropped because of higher production costs, and rice prices consequently
rose.
Because of this finding, we also run the model on a 1996:1-2009:12 period,
but we did not find any significant difference with the previously considered
2001:06-2009:12 period. The impulse responses relative to this last period
are reported in figure 4d. Also in this case, while rice prices clearly respond
positively to an oil price shock, the reaction of rice supply is quite puzzling.
At instant, the supply of rice falls slightly, but two months after the shock it
starts to increase and it stabilizes at a level higher than the original one by
approximately 0.06%. Despite this, we can notice that the error control
band indicates that the result is not statistically significant, and in addition
the magnitude of the response is actually very small. Consequently, we
should perhaps interpret this result as an indicator that in the short run there is
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not any relevant linkage between oil prices and rice supply.
In the case of the price of rice, we can state that for the data set relative to
the last ten years, the impact of oil price shocks is stronger than before, since
the price of rice rises by 2.5% at instant, and it presents a 5% increase five
months after the shock.
Our results therefore show that during last ten years there has been a
strong linkage between oil and rice prices in the very short run. Moreover,
our results indicated that the transmission channel for this linkage has not
been rice supply, but external factors, such as futures market speculation, the
inflationary power of oil prices which causes expectations of higher prices,
and perhaps indirect influence from agricultural products employed in the
production of biofuels.
5.1.3. Responses of rice market variables to rice market shocks
Figures 5a, 5b, and 5c show the impulse responses of rice supply and rice
price to rice market shocks.
The first interesting finding is that rice supply shocks have little systematic
predictive power for the changes in the real price of rice. As it can be
observed in the figures, the price of rice falls in response to a supply shock
only in the 1980:12-2001:06 time period. For the other two time intervals,
the response is surprisingly positive.
In addition to this, the responses for the first two intervals are noticeably
very small, and the error control band for all the three periods indicates that
the results are not statistically significant from zero. What we can conclude
then is that the rice market‘s supply side plays a minor role in rice price
formation, suggesting that the traditional approach of ascribing rice price
increases to exogenous shortfalls in rice production should be rethought.
Additionally, since the rice market is strongly subject to governments‘
interventions, such as high tariff and non-tariff barriers, export restrictions or
subsidies, and retail price controls, it is very likely that in the case of
exceptionally good harvests, or other events causing increases in supply, rice
producing countries‘ governments prevent rice prices to fall in order to
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protect domestic farmers and rice exporters.
Before analyzing the responses to a rice price shock, we remind our
assumption that rice price shocks have no impact on rice supply in the long
run. Similarly to the results obtained from the analysis of oil market shocks
on oil market variables, in the rice market too supply responds negatively to a
rice price shock. This might be related to some peculiar characteristics of
the world rice market.
First, as we explained for the oil market, it is possible that the majority of
the upsurge in prices was caused by precautionary demand, which offset the
raising effect of aggregate demand on rice supply, and which was followed
by expected supply shortfalls. Second, the fact that in developing countries
higher consumer prices are not always reflected in higher farm-gate prices
often give farmers an incentive to increase production. Then, imperfect
information may be one reason why the supply side does not respond
promptly to high prices.
In addition, considering that the top four rice exporting countries (Thailand,
India, Vietnam and the United States) supply two thirds of the total traded
quantity (Calpe, 2004), and they are believed to exert market power to a
certain extent (Kang, Kennedy, and Hilbun, 2009), it is possible that in
response to higher prices major rice exporters attempt to sustain them and to
raise extra revenues by limiting supply.
We conclude by noticing that responses of the price of rice to rice price
shocks are considerably large. In the 1980:12-2001:05 period, the price of
rice rises at instant by 10% and it stabilizes at a 16% higher level than the
initial one. In the 2001:06-2009:12 the upsurge is even more substantial,
since price of rice peaks at instant by 15% and it stabilizes at a level higher
than the original trend by 18%. Since a rice price shock is designed to
capture shifts in the price of rice driven by higher precautionary demand
associated with concerns about the availability of future rice supplies, such a
large and clear impact on real prices in the short run suggests that
expectations and hoarding behaviors have been playing a decisive role in the
formation of rice prices in the last ten years.
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Figure 5a

Responses of Rice Market Variables to Rice Market Shock
(Lags=1, Estimation Period: 1980:12 to 2009:12)
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Figure 5b Responses of Rice Market Variables to Rice Market Shock
(Lags=1, Estimation Period: 1980:12 to 2001:05)
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Figure 5c

Responses of Rice Market Variables to Rice Market Shock
(Lags=1, Estimation Period: 2001:06 to 2009:11)
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Table 2
Time
Interval
19802009

20012009

19802009

19802001

20012009

19802009

19802001

20012009
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Summary of Puzzling Responses

Expected Estimated
Impulse Response
Significance
Possible Explanation
Result Result
Oil Market Variables to Oil Shocks
Oil Price Shock to
+
–
NSS
Oil Production
-Precautionary demand for oil
Oil Price Shock to
dominates aggregate demand
+
–
Significant
Oil Production
-Cartel activity aims at
sustaining high oil prices
Oil Production
–
+
NSS
Shock to Oil Price
Rice Market Variables to Oil Shocks
Oil Production Shock
+
–
Significant
to Rice Supply
See explanation pp. 13-14
Oil Production Shock
–
+
Significant
to Rice Price
Oil Price Shock to
–
+
NSS
Rice Supply
Oil Production Shock
+
–
Significant
to Rice Supply
Oil Production Shock
–
+
Significant Puzzle
to Rice Price
Oil Price Shock to
–
+
Significant
Rice Supply
Oil Price Shock to
+
–
NSS
Rice Price
Oil Production Shock
+
–
Significant Puzzle
to Rice Supply
Oil Price Shock to
–
– / + Significant
Rice Supply
Rice Market Variables to Rice Shocks
-Oligopolistic configuration of
the world rice market‘s supply
Rice Price Shock to
side
+
–
Significant
Rice Supply
-governments‘ interventions in
the market
-imperfect information
Rice Supply Shock to
–
+
NSS
Rice Price
Rice Price Shock to
See explanations above for the
+
–
Significant
Rice Supply
1980-2009 period
See explanations above for the
1980-2009 period
Rice Price Shock to
-Strong influence of
+
–
Significant
Rice Supply
precautionary and speculative
demand on the rice market
during the last decade.
Rice Supply Shock to
–
+
NSS
Rice Price
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5.2. Variance Decomposition
In table 3 we reported the variance decomposition of each variable
relatively to each shock. The variance decomposition indicates the amount
of information each variable contributes to the other variables. Variance
decomposition determines how much of the forecast error variance of each of
the variable can be explained by exogenous shocks to the other variables
(Lutkepohl, 2007). For all the variables, we reported values of the variance
decomposition for two months, for six months and for eleven months after
the shock occurred.
Observing the table, we can observe some noteworthy results. First of all,
we can confirm our findings about the relationship between world rice supply
and the export price of rice, noticing that the two variables have almost no
influence one to the other, if not for negligible percentages in the short run.
Second, it is relevant to notice that shocks related to the price of crude oil
have a very significant impact on the rice market, both on the supply side and
on the price level.
Table 3
Variables
Rice
Supply
Rice
Price

Oil Prod

Oil Price

Variance Decomposition of the Variables

Forecasting
Period
k=2
k=7
k = 12
k=2
k=7
k = 12
k=2
k=7
k = 12
k=2
k=7
k = 12

Oil Prod
Shock
0.6
6.9
5.6
1.2
5.7
6.8
77.8
83.0
90.0
11.9
8.1
7.7

Oil Price
Shock
3.7
64.4
79.5
10.2
40.7
68.1
22.2
17.0
10.0
88.1
91.9
92.3

Rice Supply
Shock
95.6
28.6
14.8
0.1
1.0
0.1
-

Rice Price
Shock
0.1
0.1
0.1
88.5
53.6
25.0
-

Note: k=2 indicates a value 2 months after a shock; k=7 indicates a value 6 months after a
shock; k=12 indicates a value 11 months after a shock.
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With regard to rice supply, in the first two months an oil price shock
accounts for 3.7% of the variance decomposition. However, in the fourth
month the percentage rises to 8.2% and in the fifth month to 22.6%. Then,
as we can see from the table, six months after the shock, as much as 64% of
rice supply forecast error variance is explained by an oil price shock, and in
the long run the impact is even stronger since one year after the shock the
variance decomposition is 79.5%. Considering such a strong and clear
impact, it is even more puzzling trying to explain why the impulse responses
outcomes we obtained showed that rice supply does not clearly fall in
response to high oil prices, but it is only slightly destabilized in the short run.
In the case of the price of rice, the short run impact of an oil price shock is
stronger than relatively to rice supply. Then, as the time lag increases, the
influence of oil prices on the price of rice augments progressively,
accounting for 68.1% of its variance decomposition in the long run.
Therefore, we can conclude that an oil price shock needs only six months to
cause the price of rice to reach a level by 5% higher than before (referring to
the 2001:06-2009:12 time period), and its effect lasts and keeps affecting the
rice market in the long run as well.
It is interesting to notice from these results that an increase in the price of
oil is mainly transmitted to the price of rice in the short run, while in the long
run the largest part of its impact goes to the supply side of the market.
Additionally, it is worth observing that fluctuations in the supply of oil have
an impact on the rice market as well. Although its magnitude is relatively
small, this is for sure a fact that should be taken into consideration by rice
market participants as well as by rice market analysts.

6. CONCLUSIONS
This paper analyzed the effect of oil shocks on world rice supply and to the
world export price of rice. Even though some of the results are puzzling,
we still reached some remarkable conclusions and we believe we opened a
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way for further research in this field.
First, we found that the impact of oil shocks on rice supply is not as
relevant as expected, and the effect is actually opposite to what economic
theory and intuition suggest. Unexpectedly, our model shows that an oil
price shock causes rice supply to move in the same direction, and to increase
significantly despite higher production costs. This implies that rising
production costs deriving from higher oil prices have mostly only a
repercussion on the price of rice, without causing farmers to decrease the
quantity of rice they produce. Additionally, we should not consider higher
oil prices as the cause of increasing rice supply, but we should regard
movements in the two variables as consequences of a third factor, that in this
case is most probably an expansion in global aggregate demand. An
augmenting global aggregate demand puts inflationary pressure on the price
of oil, and at the same time causes farmers to increase the quantity of rice
they produce.
With regard to the price of rice, we observed that a strong linkage with oil
price shocks starts to be evident only approximately from the late nineties.
Two months after an oil shock, the price of rice rises by 2.5%, and six
months after the shock it stabilizes at a level 5% higher than the original one.
Then, the relationship between oil and rice prices is not limited to the long
run.
Another noteworthy result is the fact that surprisingly the transmission
channel is not a disruption in rice supply. More than supply shortages then,
rice market participants should be concerned about external factors such as
precautionary demand, inflationary expectations and financial speculation,
and become aware of the way they can affect the market. Our results
suggest that these are the main oil-rice transmission channels, and
countermeasures that limit their influence should be taken in order to avoid
threatening short run price spikes.
Relatively to the impulse responses of rice market variables to rice market
shocks, our results confirmed that rice supply shortfalls are only a minor
cause of fluctuations in rice prices, and clearly suggested that the rice market
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fails in transmitting information about prices to producers and information
about production quantities to retailers, traders and consumers.
Moreover, the fact that for all the three time intervals we analyzed rice
supply falls in response to a rice price shock supports the market failure
hypothesis, and it points out two relevant rice market related issues. The
first one is that, being the rice market so intrinsically instable, precautionary
demand arising from fears of future supply shortfalls is actually stronger in
magnitude and impact than the market aggregate demand. The second one
is that the five countries accounting for 90% of world rice exports most likely
are acting as an oligopoly, affecting with their market decisions both prices
and supply. In addition, governments‘ interventions in the market by means
of tariffs, export restrictions, retail prices control and subsidies are not
accomplishing their aim of stabilizing the market and protecting participants
but, in contrast, they are causing market mechanisms not to function properly.
After the 2007/08 food crisis, various scholars argued that the low level of
R&D investments in agriculture in rice producing countries was one of the
main causes for low levels of production and consequent rising rice prices.
However, even though the importance of R&D investments in rice
production is undisputable, regulators and rice market‘s participants should
also look toward other directions. First of all, regulations for defending the
market from financial speculation are surely needed. Then, mutual
agreements among main rice exporting and importing countries should be
introduced, in order to prevent the formation of exaggerate precautionary
demand and consequent market hysteria and hoarding behaviors. Finally,
reducing or removing trade restrictions and reviewing domestic taxes on
staples and subsides could play a significant role in stabilizing rice prices at a
sustainable level.
In conclusion, it is worth considering that the fact that we obtained
different results for different time intervals is a confirmation that the rice
market has been profoundly changing from a macroeconomic point of view
since the mid nineties. Therefore, it also needs to change and develop on a
microeconomic basis, becoming less fragmented, less unstable and less volatile.

322

Alberto Mondi · Chung Mo Koo · Won Joong Kim

The riots that arose after the 2008 food crisis in those poor countries where
the population depends on rice as a staple showed that an unexpected sharp
upsurge in rice prices can be a serious threaten to the lives of million people.
For this reason, there must be a greater international commitment and
cooperation to address issues related to the rice market and to food security,
since distorted food markets strongly affect the poor and they cause the
poverty reduction process to slow down. Consequently, it is surely
necessary to keep on analyzing the rice market in further detail,
understanding the serious implications that lie behind insufficient supply and
unsustainable prices fluctuations.
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