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ABSTRACT 

From 2006 to mid-2008 the international prices of agricultural commodities increased considerably, by a 
factor larger than two. This upward trend in agricultural prices captured the world’s attention as a new 
food crisis was emerging. Several explanations for these movements in prices, ranging from demand-
driven forces to supply shocks, have been provided by analysts, researchers, and development institutions. 
This paper is an attempt to empirically validate these explanations using time series econometrics and 
data at monthly frequency. We focus on the international price of corn, wheat, rice, and soybeans. First, 
we identify variables associated with the factors mentioned as causing the increase in these agricultural 
commodities prices. Second, we use time series analysis to try to quantitatively validate those 
explanations. The empirical work presented here includes first difference models and rolling Granger 
causality tests. Overall, our empirical analysis mainly provides evidence that financial activity in futures 
markets and proxies for speculation can help explain the observed change in food prices; any other 
explanation is not well supported by our time series analysis.  

Keywords: food crisis, time series, speculation, agricultural commodity prices, granger causality   
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1.  INTRODUCTION   

From 2006 to mid-2008 the international price of agricultural commodities showed an upward trend of a 
magnitude not seen since the seventies. As a result, in mid-2008 the prices of wheat, corn, rice, and 
soybeans were more than two times the levels observed on 2006, and the situation led to a great deal of 
concern because high food prices may have devastating effects in the developing world in terms of 
increasing hunger and poverty. Several explanations have been given for the source of the newly observed 
upward trend in food prices. Some of them emphasize world demand factors, while other explanations 
accentuate supply-side changes. Here we summarize these explanations and in Table 1, we provide 
references where further elaboration on each explanation can be found.  

There are at least four demand-driven explanations. First, there is the notion of a rising world 
demand for a variety of food products in BRIC (Brazil, Russia, India, and China) as well as other 
populous nations that have achieved great economic improvements in recent years. Also it is argued that 
in these countries, higher household incomes translate into growing meat consumption, which leads to an 
increasing demand for animal feed. Second, there is increasing production of ethanol and biofuels, as 
subsidies in the United States and Europe have pushed up the supply of these products, which in turn calls 
for larger demands of agricultural commodities as inputs. Third, there is increasing activity and 
speculation in futures markets of agricultural commodities. Some analysts note that there are no economic 
fundamentals that can capture the huge increase in prices, and therefore they point to a speculative bubble 
that will burst sooner or later. A fourth explanation is an easy monetary policy in the United States until 
2007, which initially has been reflected in commodity prices, among them agricultural commodities, but 
will eventually translate into inflationary pressures. This would also explain a weakening dollar, and as 
long as prices are set in dollars, higher prices are needed to keep parities in other currencies.  

Supply-side explanations range from low research and development (R&D) investments in 
agriculture over the recent years to higher key input prices of oil and fertilizers. Higher oil prices not only 
directly affect the supply of food as transportation costs rise but also make ethanol and biofuel production 
more profitable and hence exacerbate the demand for grains. Also, as a response to higher food prices, 
some countries have imposed trade barriers and export restrictions, tightening the world supply of food 
even further. Climate change and transitory weather-related supply shocks have also been part of the 
menu of explanations. 

However, we are not aware of any study that has tried to validate empirically and quantify the 
relative importance of these different explanations when considering them simultaneously in explaining 
the short- and medium-run dynamics of agricultural prices. In this paper we look for the empirical support 
(or lack of support) of these explanations. Hence, we conduct a time series analysis, with high-frequency 
data (monthly), to better understand the dynamics of agricultural commodities prices and the incidence of 
different explanations in their dynamics. Because we use monthly data, we are able to capture short-term 
shocks that might have affected the international agricultural commodity markets. In particular we focus 
on four agricultural commodities: corn, wheat, rice, and soybeans.  

The remainder of the paper is organized as follows. In Section 2 we describe the data collected 
and how the selected variables are linked to different explanations of the increase in agricultural 
commodities prices. In Section 3 we present the results of our time series modeling analysis. First, we 
study the properties of each individual series to assess the presence of unit roots. Next, we model the price 
of each agricultural commodity (wheat, maize, rice, soybeans) in a pure first-differences fashion. Finally 
we conduct rolling granger causality tests of every exogenous variable on each of the four commodity 
prices. We also provide comments on our attempt to use a vector error correction model approach and 
single equations error correction modeling. Concluding remarks are given in Section 4. 
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Table 1. Explanations for rise in agricultural commodity prices 

Factors Mechanism References 
Demand-side factors   
Rising world demand Emerging nations can afford more 

diversified food consumption basket. 
Increased demand as direct consumption 
as well as animal feed. 

Abbott et. al. 2008, FAO 2000b, 
Mitchell 2008, OECD 2008, 
Trostle 2008, Von Braun 2007, 
World Bank 2008 

Ethanol/biofuels Greatly increased use for limited good. Abbott et. al. 2008, FAO 2000b, 
Mitchell 2008, OECD 2008, 
Trostle 2008, Von Braun 2007, 
World Bank 2008 

Increased activity in futures 
market 

Larger percentage of marketplace has no 
intent of taking futures to delivery, 
increasing short-run price volatility 

Abbott et. al. 2008, Irwin 2008, 
Masters 2008, Mitchell 2008,  

Supply-side factors   
Increased oil/fertilizer prices Higher costs to food producers limit 

production. 
Abbott et. al. 2008, FAO 2000b, 
Mitchell 2008, OECD 2008, 
Trostle 2008, Von Braun 2007, 
World Bank 2008 

Low R&D investments in 
agriculture  

Less research on how to increase yield 
has limited production growth. 

Abbott et. al. 2008, FAO 2000b, 
Mitchell 2008, OECD 2008, 
Trostle 2008, Von Braun 2007, 
World Bank 2008 

Trade barriers/ export 
restrictions 

Creating greater scarcity worldwide 
increases commodity prices. 

Abbott et. al. 2008, FAO 2000b, 
Mitchell 2008, OECD 2008, 
Trostle 2008, World Bank 2008 

Droughts Occurring in large grain-producing 
nations lowers worldwide production. 

Abbott et. al. 2008, FAO 2000b, 
Mitchell 2008, OECD 2008, 
Trostle 2008, Von Braun 2007, 
World Bank 2008, von Braun 
2007 

Other factors   
Dollar devaluation Most commodities’ indicator prices are 

quoted in U.S. dollars. 
Abbott et. al. 2008, Mitchell 2008, 
Von Braun 2007 
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2.  DATA 

In this section we describe the data collected and used in our time series modeling of the agricultural 
commodities prices. Other than prices, our data includes variables reflecting demand and supply factors 
affecting agricultural prices. All our series are on a monthly basis. On the demand side we consider a 
monetary aggregate (real M2) as a proxy for world real aggregate expenditure, production of ethanol and 
biodiesel, several proxies for trading activity in futures markets, and the U.S. dollar–Euro exchange rate. 
On the supply side we consider the price of oil, price of fertilizers, and volume of exports by major world 
producers. Table 2 summarizes the data collected. 

Table 2. Data and variables 

Var iable Descr iption Source 
Corn Price Monthly average price in US$/ton of US yellow no. 

2 corn at the Gulf of Mexico 
FAO International Commodity 
Price Database  

Wheat Price Monthly average price in US$/ton of US no. 2 hard 
red winter wheat at the Gulf of Mexico 

FAO International Commodity 
Price Database 

Soybean Price Monthly average price in US$/ton of US no. 1 
yellow soybean at the Gulf of Mexico 

FAO International Commodity 
Price Database 

Rice Price Monthly average price in US$/ton of Thai A1 white 
broken rice at Bangkok 

FAO International Commodity 
Price Database 

Oil Price US dollars per barrel at Cushing, OK Energy Information Administration 
Ethanol Production Millions of gallons produced each month in the US Energy Information Administration 
Biodiesel Production Millions of gallons produced each month in the US Energy Information Administration 
Fertilizer Prices US$/MT data of five major fertilizers, as well as an 

index 
USDA & World Bank Commodity 
Price Database 

Exchange Rate US$/euro exchange rate Federal Reserve Bank of St. Louis 
Economic Database 

Worldwide Real M2 A proxy for world demand, it is a weighted index of 
the largest economies’ real M2 

IMF’s IFS Database 

Grains Exports A proxy for world supply, it combines top exporters’ 
figures for each grain market separately 

US Census Bureau’s Foreign Trade 
Division, Eurostat Comex, 
AliceWeb, CanSim, Bank of 
Thailand, Argentina Secretary of 
Agriculture 

Volume Total number of trading on a commodity futures 
contract 

Chicago Board of Trade (CBOT) 

Open Interest Number of futures that have not yet been offset by an 
opposite futures nor fulfilled by delivery of the 
commodity exercise 

CBOT 

Volume to Open 
Interest Ratio 

Captures speculation assuming majority of 
speculators prefer to get in and out of the market on a 
short period of time 

CBOT 
 

Noncommercial to 
Total Trade Ratio 
(long and short 
positions) 

Noncommercial positions in futures contracts mainly 
represent speculative activity in search for financial 
profits 

U.S. Commodity Futures Trading 
Commission 



 

4 

As we mentioned all data collected were monthly, and the time period was from 2002 to early 
2009, depending upon the commodity price under analysis. The end of the series was restricted due to 
unavailable data, and restrictions at the beginning of the series were due to the presence of structural 
changes based on Chow tests, which are described in Section 3. All price data and other variables will be 
taken in log form when analyzed.  

The pricing data for the agricultural commodities was retrieved from the FAO International 
Commodity Prices Database. The corn product considered was U.S. yellow no. 2 maize, and the others 
were soft wheat, Thai rice A1, and soybeans (as opposed to meal or oil). All series are denoted in dollars 
per metric ton ($/MT).  

As can be seen in Figure 1, the price of corn has more than doubled between the fourth quarter of 
2006 and the second quarter of 2008. Before 2006 the average monthly growth rate was 0.2%, and since 
then the monthly growth rate jumped to 3.9% in 2006. Though it slowed to 0.8% in 2007, it was 6.4% in 
the first half of 2008. By the first half of 2009 the growth rate of corn prices went back to a rather normal 
level, 0.92%. Also the coefficient of variation (standard deviation divided by mean) has increased over 
time, showing evidence of an increase of volatility as well. For the period 2002–2005 this coefficient is 
0.10, and between 2006 and 2009 is 0.16.  

Figure 1. Monthly corn price (US no. 2 yellow corn at Gulf of Mexico) 

 
Source:  FAO International Commodity Prices Data Base 

In Figure 2 we show the recent evolution of wheat price. It has also more than doubled between 
the first quarter of 2006 and the second quarter of 2008. Before 2006, the average monthly growth rate 
was 0.56%, and since then the monthly growth rate jumped to 2.10% in 2006 and 5.10% in 2007; but then 
in the first half of 2008, prices actually decreased by 0.87% per month on average. In 2009 also prices 
increased less than the high growth rates of 2007 and first months of 2008 (2.8% per month). Also the 
coefficient of variation has increased over time. For the period 2002–2005 this coefficient is 0.11, and 
between 2006 and 2009 is 0.25.8 and in 2009. 
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Figure 2. Monthly wheat price (US no. 2 hard red winter at Gulf of Mexico) 

 
Source:  FAO International Commodity Prices Data Base 

The price of soybeans (see Figure 3) has also increased considerably. In the period from the 
second quarter of 2007 to the second quarter of 2008, this price has been multiplied by a factor greater 
than 2. Before 2006 the average monthly growth rate was 0.7%, and since then the monthly growth rate 
jumped to 1.0% in 2006, 4.0% in 2007, and 3.6% in the first half of 2008. In the first half of 2009 
soybean prices were still showing important growth rates, 3.5% per month. The coefficient of variation 
has increased from 0.20 in the period 2002–2005 to 0.33 in the period between 2006 and 2009. 

Figure 3. Monthly soybean price (US no.1 yellow soybean at Gulf of Mexico)  

 
Source: FAO International Commodity Prices Data Base 

The price of rice has also showed an upward trend (Figure 4). During the first half of 2008 the 
increase in the price of rice was very large, by a factor of more than 2 in only 6 months. Before 2006, the 
average monthly growth rate was 0.7%, and though there was little difference in 2006 at 0.6%, there were 
jumps of 2.8% in 2007 and 9.99% in the first half of 2008. In the first half of 2009 growth rates went 
down to a pre-crisis level of 0.6%. Also the coefficient of variation (standard deviation divided by mean) 
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has increased over time, showing evidence of an increase of volatility as well. For the period 2002–2005 
this coefficient is 0.18, and between 2006 and 2009 is 0.4874. 

Figure 4. Monthly rice price (Thai A1 broken white rice, F.O.B. Bangkok) 

 
Source:  FAO International Commodity Prices Data Base 

Monthly data on oil prices was retrieved from the Energy Information Administration, and prices 
are in U.S. dollars per barrel (see Figure 5). Starting in 2003 until the first quarter of 2008 the price of oil 
showed an upward trend that originated a major concern worldwide and put the world in an oil crisis 
situation. However by the fourth quarter of 2008 oil prices quickly decreased and went down to 2004 
levels. In the first half of 2009 oil prices again increased but far from reaching the peak levels of the 
beginning of 2008. It is important to notice that while the strong upward trend in oil prices dates back to 
2003, the rise in food prices was not observed any earlier than 2006. 

Figure 5. Monthly oil prices (Cushing, OK WTI) 

 

Source:  Energy Information Administration 
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Also, ethanol production in the United States is denoted in millions of gallons (see Figure 6). This 
data can be found in the Energy Information Administration’s Monthly Energy Review. Ethanol 
production in the United States has increased considerably since 2003 due in part to government 
assistance and subsidies. As a result, the ethanol industry in the United States has become an important 
source of corn demand; however, its contribution as an alternative source of fuel is relatively small. In 
2006–2007, 20.1% of corn production was supplied to the ethanol industry, and this number is estimated 
to reach 24.2% in 2009–2010.1 In the gasoline market fuel ethanol production in the United States 
explained only 5.6% of total motor gasoline consumption in 2008.2

Figure 6. U.S. ethanol production 

 It is estimated that the conversion rate 
of corn is at 2.7 gallons per bushel.  

 

U.S. biodiesel production (see Figure 7) data can be found at EIA’s Monthly Energy Review, also 
taken in millions of gallons. The United States is the second largest producer, but produces only a quarter 
that of its European counterpart. Obviously, European data would have been preferred, but attempts at 
finding monthly data were unsuccessful. However, Europe uses more rapeseed and sunflower in their 
production than soybean, whereas the soybean is the main agricultural product used in the United States. 
Also in the United States, biodiesel production is relatively less important as it amounts to only 10% of 
ethanol output. In terms of its importance in demanding agricultural commodities, it is estimated that in 
2008 U.S. biodiesel industry demanded less than 1.2% of total U.S. soybean production. 

For the price of fertilizers we use the fertilizer price index provided by the USDA as well as price 
series for potassium chloride, urea, DAP, phosphate rock, and TSP, which were made available by the 
World Bank Commodity Price Database (see Figure 8). 

 

                                                      
1 Own estimates based on information provided by World Agricultural Supply and Demand Estimates, WASDE - 475, 

October 2009, USDA. 
2 Own estimates based on information from the Annual Energy Review 2008, Energy Information Administration. 
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Figure 7. U.S. biodiesel production 

 
Source: Energy Information Administration 

Figure 8. Fertilizer prices 

 
Source: World Bank Commodities Price Database, USDA 
 

Also, we consider exchange rates to analyze if the dollar depreciation can explain price 
movements. The U.S. dollar–euro exchange rate was chosen, and it is denoted in the number of dollars 
necessary to buy one euro; hence, a positive change implies a depreciation of the dollar against the euro. 
As can be seen in the graph below, the dollar has been depreciating since 2002, with an accumulated loss 
of more than 65%. This data is found at the Federal Reserve Branch of St. Louis database.
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Figure 9. Exchange rates 

 
Source: Federal Reserve Branch of St. Louis database 

In order to create a proxy for world demand or aggregate expenditure, a real M2 worldwide index 
was constructed using individual M2 series for the 12 countries with the largest GDP (accounting for over 
85% of world GDP) including the euro area, the United States, BRIC, as well as other large economies 
like other G8 nations (see Figure 10). Data on M2 was available at the IMF’s International Financial 
Statistics (IFS) database, and this was divided by each country’s CPI, also found at the IFS Database. 
Then, each real M2 index (January 2002 = 100) was used to construct a weighted index based on the size 
of the country’s GDP in U.S. dollars adjusted by purchasing power parity (PPP). We notice that four of 
the fastest growing M2 countries are Brazil, Russia, India and China, and hence the ones supporting a 
strong worldwide demand. 

In order to capture shocks to the world supply of commodities, we choose to look at export data 
for the largest exporters. This supply proxy was chosen because other variables, such as production and 
yields, are not available at a monthly frequency. Also, looking at exports allowed us to capture a shortage 
in the world supply as several commodity producer countries have imposed restrictions to their exports 
(such as Argentina, Vietnam, India). In the corn market, data for the United States, European Union, and 
Argentina is collected, which accounted for 80% of exports in 2002. In the wheat market, data for the 
United States, European Union, Canada, and Argentina make up nearly three-quarters of the worldwide 
2002 export market. With the United States, Brazil, and Argentina, 90 percent of the worldwide soybean 
market is considered, and Thailand data on rice exports can account for over half of world trade in that 
commodity.  

All U.S. data was made available by the U.S. Census Bureau’s Foreign Trade Divisions available 
online at www.usatradeonline.gov. EU data can be found at Eurostat Comext; Brazil’s export data is 
available at AliceWeb; and Canada’s wheat data can be found at CanSim, all available online. Thailand 
data comes from the Bank of Thailand, and Argentina’s information can be found online at the 
Argentinian Secretary of Agriculture website. By looking at exports, a government’s policy actions taken 
to restrict agricultural trade will also be captured in explaining further price increases. 

Also, a variety of proxies for participation in agricultutal commodity futures markets and 
speculative activity were chosen: (1) volume in futures contracts, (2) open interest in futures contracts, (3) 
the ratio of volume to open interest in futures contracts, and (4) positions in futures contracts by 
noncommercial traders. 
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Figure 10. Real world demand 

 
Source: IMF International Finance Statistics 

In order to capture shocks to the world supply of commodities, we choose to look at export data 
for the largest exporters. This supply proxy was chosen because other variables, such as production and 
yields, are not available at a monthly frequency. Also, looking at exports allowed us to capture a shortage 
in the world supply as several commodity producer countries have imposed restrictions to their exports 
(such as Argentina, Vietnam, India). In the corn market, data for the United States, European Union, and 
Argentina is collected, which accounted for 80% of exports in 2002. In the wheat market, data for the 
United States, European Union, Canada, and Argentina make up nearly three-quarters of the worldwide 
2002 export market. With the United States, Brazil, and Argentina, 90 percent of the worldwide soybean 
market is considered, and Thailand data on rice exports can account for over half of world trade in that 
commodity.  

All U.S. data was made available by the U.S. Census Bureau’s Foreign Trade Divisions available 
online at www.usatradeonline.gov. EU data can be found at Eurostat Comext; Brazil’s export data is 
available at AliceWeb; and Canada’s wheat data can be found at CanSim, all available online. Thailand 
data comes from the Bank of Thailand, and Argentina’s information can be found online at the 
Argentinian Secretary of Agriculture website. By looking at exports, a government’s policy actions taken 
to restrict agricultural trade will also be captured in explaining further price increases. 

Also, a variety of proxies for participation in agricultutal commodity futures markets and 
speculative activity were chosen: (1) volume in futures contracts, (2) open interest in futures contracts, (3) 
the ratio of volume to open interest in futures contracts, and (4) positions in futures contracts by 
noncommercial traders. 
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Figure 11. World commodity exports 

 
Source: U.S. Census Bureau's Foreign Trade Eurostat Comext, AliceWeb, CanSim 

Monthly volume in futures contracts.-This indicator captures the total number of trading on a 
commodity futures contract in the Chicago Board of Trade (CBOT) on a monthly basis. Also this 
indicator aggregates over contracts with different maturities. Note that typically contracts with maturities 
within the range of 24 months or more are traded. As shown in Figure 12, in recent years traded volumes 
in futures of agricultural commodities have increased vigorously. In 2006 the average monthly volume in 
futures for wheat and corn grew by more than 60% with respect to the previous year, and for rice, 40%. 
Also volumes in 2007 went up significantly for all four commodities, especially for soybeans, with a 
monthly average 40% larger than in 2006. During the first five months of 2008 only the volumes for corn 
seem to have stabilized, while the volumes for rice and soybeans were still growing at very high rates, 
47% and 40%, respectively. Nevertheless, from mid 2008 to the first quarter of 2009 the average monthly 
volume in futures for all four commodities decreased, especially for rice (with 7%). Several reasons might 
explain the observed increase in volumes over recent years (until 2008), one of them being a more active 
participation of speculators in these markets, especially the participation of short-term speculators. Those 
opening and closing positions in a relative short period of time could have been a source of soaring 
volumes and subsequent impact on prices.  
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Figure 12. Futures contracts: Monthly traded volumes (3 months moving average, 1st quarter 
2002=100) 

 

Monthly open interest in futures contracts -This variable describes the total number of futures 
contracts of a given commodity that have not yet been offset by an opposite futures nor fulfilled by 
delivery of the commodity exercise. Every time a trader takes a position in the futures market (either long 
or short), immediately an open position is generated until this trader takes the opposite position or the 
contract reaches the expiration day. Open interest has also been growing over the past five years, as can 
be seen in Figure 13; however, for each commodity the average growth rates show important variations 
over time. In 2006, the average monthly open interest in futures for wheat and corn grew by about 75% 
with respect to the previous year, and for rice this number is larger than 90%. However, in 2007, the open 
interest slightly declined in corn and wheat, and there was moderate growth in rice at 21% growth. 
Soybeans, meanwhile, increased by 40% on average in 2007, but in 2008 the growth rate went down by 
12% and in 2009 it recovered its positive path to about 8%. Furthermore, wheat experienced further 
decline in 2008, and corn was growing at a rate of only 3%. Our claim is that looking at open interest 
series may help us capture incoming medium- and long-term speculators in the commodity futures 
markets that may have played a role in the recent food prices crisis. 
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Figure 13. Futures contracts: Monthly open interest (3 months moving average, 1st quarter 
2002=100) 

 

Ratio volume to open interest in futures contracts.  We use this ratio to capture speculative 
market activity under the assumption that the majority of speculators prefer to get in and out of the market 
on a short period of time (see CBOT 2008c). Hence, a speculator taking opposite positions (buying and 
selling contracts) in the market within days or weeks will generate an increase in monthly registered 
volumes, but not much of a change on monthly open interest. Therefore, changes on this ratio would 
potentially capture changes in speculative activity. Empirically what we observe is that this ratio has 
shown little growth over the past few years; for instance, in 2006, the ratio was declining across all four 
commodities. In 2007, the results were mixed, with 31% growth in the wheat ratio and 17% in that for 
corn, but declining ratios for soybean and rice. In 2008, both corn and rice ratios were increasing, at 27% 
and 19% respectively, as wheat ratios continued to grow at 19% and corn declined slightly. Comparing 
this recent growth with 2005 and 2006, where at least three commodities’ ratios were declining on 
average, leads us to claim of the capacity of this ratio as a potential instrument to capture speculative 
behavior. 
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Figure 14. Futures contracts: Ratio volume to open interest (Monthly volume / monthly open 
interest) 

 

Figure 15. Futures contracts: Importance of noncommercial positions  
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Importance of noncommercial positions in futures contracts. All reportable3 traders’ futures 
positions are classified by the Commodity Futures Trading Commission (CFTC) as either commercial or 
noncommercial. Futures positions in a commodity are classified as commercial if a trader uses futures 
contracts in that particular commodity for hedging purposes as defined by the CFTC; otherwise, a 
position will be classified as noncommercial. Hence, while commercial positions are held for hedging 
purposes, noncommercial positions in futures contracts mainly represent speculative activity in search for 
financial profits. We use this classification by the CFTC to study the importance of speculative activity 
relative to hedging activity over recent years. For this purpose we look at the ratio of noncommercial 
positions to total positions,4

The ratio of long noncommercial positions to total (long) positions seems to be growing in recent 
years. Between 2006 and 2008 there has been growth in the weekly average of the ratio in at least three of 
the four commodities markets. For corn this ratio was on average 0.29 in 2005, and in the first five 
months of 2008 it reached an average of 0.49. In 2009 this average decreased to 0.40. Similar increases 
have been observed for wheat and soybeans. In the case of rough rice this ratio has been more erratic over 
time; and although the ratio increased during 2009 compared with the previous year, the 2009 level was 
still lower than observed levels in past years. In the case of short positions there is less evidence of an 
upward trend of the relative importance of speculative positions in recent years. On the contrary, it seems 
that commercial short positions have become relatively more important. Overall it is apparent that an 
increasing participation by commercial hedgers in the futures markets has been matched by an increasing 
participation by speculative investors (or noncommercial ones). However, this does not mean that short 
positions by speculators may not have an effect on prices, because ultimately the volume of short 
positions by speculators, as well as by hedgers, has also strongly increased over time. 

 and we do this for long as well as for short positions.   

Our one interpretation of the link between speculation and prices is the following. Typically in 
agricultural futures markets, producers are the ones selling short because they are looking to hedge their 
futures incomes, while industrial food processors take long positions, looking to hedge their costs. The 
volume of these two opposite positions does not necessarily coincide, and hence noncommercial traders 
play an important role in closing that gap and providing liquidity to the market. However, when 
participation of noncommercial players and speculators increases significantly on both sides of the 
market, then we argue that speculation has a more active role in driving prices. As a group of speculators 
enters the market taking long positions betting on higher future spot prices, futures prices might be driven 
upward to the point of attracting more conservative (with respect to their expectations about future spot 
prices) noncommercial traders.5

 

 As this happens in futures markets, signals of higher prices are 
transmitted to the spot market in such a way that initial expectations are confirmed and provide feedback 
on further expectations. However, in this simplified example it’s not clear what triggers the initial higher 
participation of speculators. The point here is that this is one way in which one can rationalize the fact of 
increasing volume and participation by noncommercial traders and/or speculators and higher prices. Our 
approach is to construct proxies for speculation (certainly imperfect ones) and leave to the data tell us if 
those proxies have any explanatory power over spot prices. 

 
 
  

                                                      
3 Reportable traders are those who hold positions in futures and options at or above specific reporting levels set by the 

Commodity Futures Trading Commission (CFTC). It is estimated that the aggregate of all traders’ positions reported accounts for 
more than 70% of the total open interest in any given market. 

4 We use total reportable positions, because only reportable positions are classified as either commercial or noncommercial. 
5 Masters (2008) argues that in recent years index funds have entered aggressively into commodity futures markets and that 

they have contributed heavily to the food price inflation. Also he points out that typically these funds buy futures and then roll 
their positions by buying calendar spreads. In this case index funds would have contributed to the observed increased volume in 
futures contracts, not only on the buying side but also on the selling side of the market. 
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3.  ECONOMETRIC MODELING 

In this section we present the results of our time series modeling analysis. First, we study the properties of 
each individual series to assess the presence of unit roots, and we follow the standard practice in time 
series econometrics to use first differences if unit roots are found. Next, we model the price of each 
agricultural commodity (wheat, maize, rice, soybeans) in a pure first-differences fashion. We utilize a 
general-to-specific modeling approach, which attempts to discover which theoretical view is appropriate, 
instead of using the econometric analysis to support existing theory. After starting with a general 
hypothesis about the important variables, the model is teased down by testing certain restrictions on the 
general model. Finally we conduct rolling granger causality tests of every exogenous variable on each of 
the four commodity prices. 

It is worth mentioning that as part of our empirical analysis we also conducted a four-variable 
error correction model (ECM) as well as single equations error correction representations. The four-
variable approach was disregarded and found it to be inappropriate. This is because a Johansen Trace Test 
on a VAR that includes only the four commodity prices finds that there is no co-movement between any 
of the price series for the time period starting in 2002. We also concluded that for the price of any of our 
four commodities—rice, soybeans, corn, and wheat—a one-equation ECM is not the most adequate to 
capture their dynamics over time and co-movements with other variables. In the case of soybean, rice and 
corn we found one co-integrating relationship between the corresponding price and the exogenous 
variables. However, when attempting to model long-run relationships we didn’t find mean reversion in 
the system. For wheat we found a co-integrating relationship. In the long run, wheat prices are positively 
linked with oil, M2, and volume traded in futures contracts; and negatively related to ethanol, exchange 
rate, fertilizer prices, and biodiesel production. These latter negative relationships seem at odds with 
economic reasoning. Also the most parsimonious short term model we found is one that considers only 
the error correction term and the noncommercial long position ratio. Hence some indication was found 
that fundamentals and volume of trading determine the long-run price, but a proxy for speculation in the 
futures market alone determines short-run movements in the spot price, even though this is not a rich 
short-term specification. An additional limitation in the case of wheat is that we cannot really claim a 
single-equation ECM as ethanol production and volume traded in futures contracts cannot be treated as 
exogenous variables6

Properties of the Individual Series 

.  

In order to test whether the series are I(1) (integrated of order 1) or have a unit root, augmented Dickey-
Fuller (ADF) tests are used to analyze the variables (after taking logs). We remind the reader that the null 
hypothesis of the ADF test is the existence of a unit root. After checking over multiple time periods, 
January 1998 through December 2007 as well as January 2002 through December 2007, we find that the 
ADF tests fail to reject the null hypothesis for any number of lagged differences (see next paragraph) 
chosen for all the variables except for volume to open interest ratio (volume and open interest refer to 
futures contracts) as well as exports (see Table 3). Therefore, those series that fail to reject the null 
hypothesis are at least I(1) in this data set. Note that noncommercial ratios (long or short positions in 
futures contracts by noncommercial traders divided by total reportable positions) are by definition I(0), 
because their values are necessarily bounded between zero and one, and therefore are not tested here. 

In this paragraph we clarify what is meant by the “number of lagged differences chosen.” For 
ADF tests, there are three important conditions that will help to define whether a series is stationary, or 
I(0), (though some series will be stationary or not regardless of these three factors). The first is the time 
period chosen. The time period chosen here will always begin in January 2002 and ends in June 2009 for 
variables in the corn, wheat, and rice equations; but it ends in December 2007 for the soybean equation 
                                                      

6 We do not include results of the four-price ECM and single equations ECM here given we disregarded those approaches. 
However the analysis is available upon request to the authors   
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due to data constraints. The second is whether to include a constant or a constant and trend when doing 
ADF tests. Here, only a constant is used because we don’t want to rely on a deterministic time trend.7

 

 The 
last is defining the number of lagged differences chosen in an ADF test. To test if  is I(1), use the next 
higher difference:  

, 
 
where “n” is the number of lagged differences used. In principle for different numbers of lagged 
differences used, it is possible to find that the series may give conflicting opinions about whether the 
series is I(1). Here, all four equations that analyze prices based on past prices and exogenous variables are 
appropriate to analyze with two lags, as was specified by the Bayesian-Schwartz criterion (BSC), so ADF 
tests are performed accordingly.  

Now, to test if the series are integrated of order 2, or I(2), we use the ADF test on the differences 
of the levels and logged data. Given the time periods considered here, we conclude that none of the series 
are I(2). Also, it was important to ensure that none of the series have seasonality. Even though the series 
do not appear to have seasonal trends on the data plots, each series was mapped into an AR(13) process to 
see if such an effect does exist. After viewing significance tests and using lag structure analysis, 
specifically the Akaike Information criterion (AIC), Wald tests, and BSC, we find that none of the series 
show any evidence of seasonality. We tested to see if the data could be better represented by ARMA 
processes than autoregressive modeling, and all three criterion (BSC, AIC, and Hannan-Quinn) suggest 
using AR processes. 

Table 3. Unit root tests (ADF) 

Var iables 
ADF t-

stat,*5% ,**1%  Var iables 
ADF  

t-stat,*5% ,**1%  

    L(Wheat Price) 0.5031 L(Corn Volume Open Interest) -2.3071 
L(Corn Price) 0.0194 L(Soybean  Volume Open Interest) -4.0788** 
L(Soybean Price) -1.0178 L(Rice Volume Open Interest) -2.815 
L(Rice Price) 1.9024 L(Wheat Exports) -3.1064 
L(Wheat Volume) -1.6754 L(Corn Exports) -3.4151* 
L(Corn Volume) -1.2201 L(Soybean  Exports) -4.6533** 
L(Soybean  Volume) -1.8619 L(Rice Exports) -2.6069 
L(Rice Volume) -2.9211 L(Fertilizers) -1.0323 
L(Wheat Open Interest) -1.1463 L(Oil) -1.9474 
L(Corn Open Interest) -1.3783 L(Ethanol) -0.5243 
L(Soybean  Open Interest) -1.6406 L(Biodiesel) -0.9992 
L(Rice Open Interest) -1.7239 L(M2) 1.9075 
L(Wheat Volume Open Interest) -2.3311 L(Exchange Rate) -2.6721 

Note: note: L(X) = log(X) 

First Differences 

We use turn here to first differencing models to explain all grains prices. A first differencing 
representation is given by: 
                                                      

7 One can hardly argue for a deterministic time trend because before the increase in prices over the last three years, prices 
have been declining for a long period of time. 
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In this representation transitory shocks in the growth rate of exogenous variables affect the 
dynamics of the growth rate of prices, and as long as   the effects will vanish over time, in 
other words the model shows mean-reversion. In the case of a permanent shock to the growth rate of any 
exogenous variable then that will have a permanent effect in the equilibrium growth rate of prices 

Corn Price 

When analyzing corn prices, all other variables are strongly exogenous, according to Granger causality 
tests. Testing for the appropriate lag structure, using the BSC, we find that only one lag in differences is 
necessary. Notice that we have five speculation proxies available, some of which are highly correlated, 
and therefore we carefully look at different specifications using different speculation proxies. When first 
attempting this analysis for the entire series, the breakpoint Chow tests find that our most efficient models 
are not able to correctly describe the environment because the first few observations in the data set behave 
differently than the rest. For all regressions, analysis begins in January 2003 because of these Chow tests. 
Table 5 shows results for different model specifications8

What we find more interesting is that three speculation proxies show explanatory power in our 
regressions. The fraction of long positions in futures contracts by noncommercial traders, the fraction of 
short positions in futures contracts by noncommercial traders, and total open interest in corn futures 
contracts seem to partially explain corn price growth rate (notice that regressions 2 and 5 in Table are not 
autoregressive processes). 

; in all cases we teased down the regressions such 
that only significant variables remain in the model. Overall, our regressions do not accomplish a high 
goodness of fit, which is not surprising considering we are modeling prices at monthly frequency. Also 
we find that very few variables have any explanatory power other than speculation proxies, and when 
they do, they do not necessarily enter with the sign one would have expected. This is the case for the 
dollar devaluation rate, which enters one regression with a negative sign; in another specification the 
growth rate of the oil price also shows a negative sign although with a 15 percent significance level. In 
one specification we find that the lagged growth rate of ethanol production positively affects the growth 
rate of corn prices, while the growth rate of oil prices enters with a negative sign. Indeed is not clear to us 
what effect this variable is picking. In this same regression, accelerations in the production of biodiesels 
have a negative effect; in this case we cannot think of a convincing economic interpretation. Also we 
must say that as we move across different specifications, we end up with different significant explanatory 
variables that indicate poor robustness in our econometric analysis. 

                                                      
8 In all specifications we test for the appropriate lag structure according to the BSC. When trying to use total volume in 

futures contracts, the number of lags required leaves us with no degrees of freedom. 
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Table 5. Corn price: First differences econometric analysis  

  (1) (2) (3) (4) 
Var iables D.ln_corn D.ln_corn D.ln_corn D.ln_corn 

          
LD.ln_corn 0.183 

 
0.243** 

 
 

(0.115) 
 

(0.108) 
 D.ln_er 0.360 

   
 

(0.287) 
   ln_cornexp -0.00918 
   

 
(0.0443) 

   Cornncshort -0.485*** 
 

-0.502*** 
 

 
(0.116) 

 
(0.117) 

 L.cornncshort 0.425*** 
 

0.439*** 
 

 
(0.119) 

 
(0.121) 

 D.ln_cornoi 0.149* 
  

0.283*** 

 
(0.0775) 

  
(0.0860) 

D.ln_oil 
 

0.173** 
  

  
(0.0764) 

  cornnclong 
 

0.212** 
  

  
(0.0904) 

  LD.ln_oil 
   

-0.0300 

    
(0.0788) 

D.ln_ethanol 
   

0.0542 

    
(0.152) 

L.ln_cornexp 
   

0.111** 

    
(0.0442) 

D.ln_biodiesel 
   

-0.0926** 

    
(0.0418) 

LD.ln_cornoi 
   

0.199** 

    
(0.0833) 

Constant 0.166 -0.0793** 0.0252 -1.733** 

 
(0.696) (0.0367) (0.0306) (0.692) 

     Observations 76 76 76 76 
R-squared 0.320 0.132 0.256 0.229 

   Notes: Time period: January 2003–May 2009    
  t-prob in parenthesis 
- (1) More than 1 speculation proxy 
- (2) 1 speculation proxy: ratio noncommercial long positions to total (reportable) long positions in corn futures contracts 
- (3) 1 speculation proxy: ratio noncommercial short positions to total (reportable) short positions in corn futures contracts 
- (4) 1 speculation proxy: open interest in corn futures contracts 
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Wheat Price 

When coming to understand the growth rate of wheat prices, all other variables are strongly exogenous, 
except for ethanol production according to Granger causality tests. Therefore, only lagged ethanol was 
tested, although none of our models shows us significance. Testing for the appropriate lag structure using 
the BSC, we find that only one lag in differences is necessary for each of the executed regressions. In 
Table 6 we show the regressions after placing restrictions on non-significant coefficients.  

As in the case of corn, our regressions show relatively low goodness of fit, but now we find a 
larger list of variables showing explanatory power. First, notice that in all models an autoregressive 
process is present, and this evidence is robust across regressions. This implies that any transitory shock in 
an exogenous variable will last for several periods and vanish smoothly over time, although on average 
two-thirds of the shock vanishes in one period. Second, we find that the growth rate of wheat world 
exports (lagged one period) has a robust positive effect on the growth rate of wheat prices. Although we 
were expecting world exports to pick up on the effect of trade restrictions, it seems that on the contrary 
this variable is picking demand pressures in the international markets. Third, in three of our models we 
find that the growth rate of worldwide real money supply has a positive effect on prices, supporting the 
idea that world aggregate demand pressures might have a played a role in the acceleration of wheat price 
increments. Fourth, in two specifications lagged growth rate of oil has a positive effect. This might reflect 
a negative supply-side effect as an input cost accelerates. Alternatively, one might argue that it provides 
some, although weak, support to the idea that as oil prices accelerate; wheat production is crowded out by 
other agricultural commodities that are demanded by biofuel industries. However, notice that the growth 
rates of biodiesel production do not show as significant explanatory variables. Fifth, in only one 
regression we find that the growth in biodiesel production has a negative effect, although this effect is 
small and not highly significant. 

When we turn our attention to our speculation proxies, we get an even stronger result, as in the 
case of corn; now all our proxies in one or another specification enter as significant, and all of them but 
the noncommercial short position ratio have positive effects on the growth rate of wheat prices. In the 
case of short positions in futures wheat contracts by noncommercial traders, we find a contemporaneous 
negative effect but a positive effect with one lag, although the net effect after two periods is close to zero 
or negative. Long positions by noncommercial traders show the opposite pattern, a contemporaneous 
positive effect and a negative one with one lag, but the net effect is positive. 

One potential drawback of our regressions is that in most of them we notice some evidence of 
structural change (when analyzing breakpoint Chow tests) at the end of the data set, suggesting that the 
period 2007 onward might need to be analyzed separately.  
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Table 6. Wheat price: First differences regressions 

  (1) (2) (3) (4) (5) (6) 
Var iables D.ln_wheat D.ln_wheat D.ln_wheat D.ln_wheat D.ln_wheat D.ln_wheat 

LD.ln_wheat 0.342*** 0.312*** 0.293*** 0.321*** 0.318*** 0.332*** 

 
(0.0962) (0.101) (0.101) (0.0977) (0.0970) (0.0992) 

LD.ln_oil 
 

0.0293 -0.00209 
   

  
(0.0891) (0.0879) 

   LD.ln_wheatexp 0.201*** 0.160*** 0.166*** 0.178*** 0.167*** 0.176*** 

 
(0.0475) (0.0481) (0.0481) (0.0488) (0.0475) (0.0491) 

D.ln_m2 
 

3.099** 1.749 
  

2.387* 

  
(1.469) (1.443) 

  
(1.392) 

wheatnclong 
 

0.503*** 
    

  
(0.169) 

    L.wheatnclong 
 

-0.365** 
    

  
(0.172) 

    wheatncshort -0.405*** 
 

-0.340*** 
   

 
(0.109) 

 
(0.116) 

   L.wheatncshort 0.371*** 
 

0.266** 
   

 
(0.110) 

 
(0.117) 

   D.ln_wheatvolume -0.0693*** 
     

 
(0.0239) 

     LD.wheatvoiratio 
   

0.0116** 
  

    
(0.00472) 

  LD.ln_wheatvolume 
    

0.0544*** 
 

     
(0.0205) 

 D.ln_biodiesel 
     

-0.0444 

      
(0.0432) 

D.ln_wheatoi 
     

0.153** 

      
(0.0749) 

Constant 0.0195 -0.0697 0.0252 0.00545 0.00477 -0.00893 

 
(0.0328) (0.0494) (0.0351) (0.00751) (0.00747) (0.0112) 

       Observations 88 86 86 88 88 86 
R-squared 0.325 0.275 0.272 0.216 0.225 0.235 

Notes: Time period: January 2002–May 2009  
t-prob in parenthesis 
- (1) More than 1 speculation proxy 
- (2) 1 speculation proxy: ratio noncommercial long positions to total (reportable) long positions in wheat futures contracts 
- (3) 1 speculation proxy: ratio noncommercial short positions to total (reportable) short positions in corn futures contracts 
- (4) 1 speculation proxy: volume traded in corn futures contracts 
- (5) 1 speculation proxy: open interest in corn futures contracts 
- (6) 1 speculation proxy: ratio volume to open interest in corn futures contracts 
 
 



 

22 

Soybean Price 
Now, focusing on soybean prices, all other variables are strongly exogenous, according to Granger 
causality tests. The data set goes from January 2002 to June 2009. Testing for the appropriate lag 
structure using the BSC, we find that only one lag is necessary for all equations. Also, Chow tests for 
these regressions show that there is a need to eliminate the first half-year’s worth of observations, which 
is effective in eliminating the presence of structural break. Table 7 shows the results of our econometric 
analysis after eliminating most non-significant variables. 

We find empirical evidence of four variables, other than our speculation proxies, as having 
explanatory power on the growth rate of soybean prices. First, notice than in four specifications an 
autoregressive process with oscillating mean-reversion is present; in all cases transitory shocks die quite 
fast. Second, we find a negative effect coming from the growth rate of oil prices. This effect is present in 
four specifications, although the corresponding coefficients do not remain at similar levels across 
regressions. As noted before, it is not clear to us what would be a convincing economic interpretation of 
this negative effect. Third, the contemporaneous growth rate of soybeans exports has a positive effect on 
all five regressions with relatively stable coefficients across specifications. One interpretation is that this 
is capturing demand pressures in international markets (at the world level, exports and imports are closely 
related). Fourth, in all regressions we find that the dollar depreciation is transmitted to the dollar price of 
soybeans, and the evidence shows that at least 70 percent of such depreciation is transmitted, and we even 
have a specification in which the transmission is one-to-one with one lag. This seems to indicate that the 
determination of soybean prices takes place in a different currency than the U.S. dollar. Fifth, we find 
weak evidence that the growth rate of fertilizer prices has a positive effect, although the significance level 
of this effect is very low. 

Table 7. Soybean price: First differences regressions 

  (1) (2) (3) (4) (5) 
Var iables D.ln_soy D.ln_soy D.ln_soy D.ln_soy D.ln_soy 

            
LD.ln_soy -0.0594 -0.0750 -0.108 -0.0978 

 
 

(0.116) (0.115) (0.116) (0.116) 
 D.ln_oil 

 
0.191* 

   
  

(0.1000) 
   LD.ln_oil -0.0973 -0.189* -0.238** 

 
-0.0661 

 
(0.0954) (0.109) (0.112) 

 
(0.109) 

LD.ln_er 0.940** 0.758* 1.253*** 0.567 
 

 
(0.380) (0.387) (0.390) (0.370) 

 ln_soyexp 0.0549 0.106** 0.106** 0.0367 0.0728* 

 
(0.0378) (0.0433) (0.0428) (0.0453) (0.0423) 

L.ln_soyexp 
 

-0.0383 
 

0.0282 
 

  
(0.0428) 

 
(0.0461) 

 LD.ln_biodiesel 
 

0.0614 0.0568 
  

  
(0.0467) (0.0561) 

  D.ln_fertilizer 
 

0.121 0.136 0.129 0.0720 

  
(0.225) (0.235) (0.219) (0.238) 

LD.ln_fertilizer 
 

-0.227 -0.343 -0.181 -0.0894 

  
(0.213) (0.224) (0.206) (0.223) 
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Table 7. Continued 
  (1) (2) (3) (4) (5) 

Var iables D.ln_soy D.ln_soy D.ln_soy D.ln_soy D.ln_soy 
Soynclong 0.559*** 0.345*** 

   
 

(0.191) (0.105) 
   L.Soynclong -0.409** 

    
 

(0.186) 
    Soyncshort -0.127 
 

-0.577*** 
  

 
(0.109) 

 
(0.149) 

  LD.ln_soyvolume 0.0566 
  

0.123*** 
 

 
(0.0392) 

  
(0.0387) 

 D.soyvoiratio 0.00472 
   

0.0152 

 
(0.00892) 

   
(0.0144) 

LD.ln_ethanol 
  

0.0516 
  

   
(0.190) 

  D.ln_biodiesel 
  

0.0711 
  

   
(0.0546) 

  LD.ln_m2 
  

-1.119 -0.0499 
 

   
(1.827) (1.540) 

 L.soyncshort 
  

0.352** 
  

   
(0.147) 

  D.ln_er 
   

0.750** 0.959** 

    
(0.361) (0.380) 

D.ln_soyvolume 
   

0.152*** 
 

    
(0.0393) 

 LD.soyvoiratio 
    

0.0159 

     
(0.0144) 

Constant -0.861 -1.192 -1.541** -0.994 -1.113* 

 
(0.581) (0.739) (0.651) (0.717) (0.650) 

      Observations 84 82 82 82 82 
R-squared 0.302 0.295 0.314 0.321 0.149 

Notes: Time period: July 2002–June  2009 
t-prob in parenthesis 
- (1) More than 1 speculation proxy 
- (2) 1 speculation proxy: ratio noncommercial long positions to total (reportable) long positions in soybeans futures contracts 
- (3) 1 speculation proxy: ratio noncommercial short positions to total (reportable) short positions in corn futures contracts 
- (4) 1 speculation proxy:  volume traded in corn futures contracts 
- (5) 1 speculation proxy: ratio volume to open interest in corn futures contracts 
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When analyzing our speculation proxies, we find that at least three of them are significant. Both 
noncommercial long positions (ratio) and the growth rate of total volume in soybeans futures have 
strongly significant positive effects. In the case of the volume to open interest ratio we find a positive 
effect, but certainly the evidence is very weak. Noncommercial short positions (ratio) show a 
contemporaneous negative effect and a positive effect with one lag, although the net effect is negative.  

Rice Price 

Finally, focusing on rice prices, all other variables are strongly exogenous, according to Granger causality 
tests. The data set goes from January 2002 to May 2009. Testing for the appropriate lag structure using 
the BSC, we find that only one lag is necessary. After elimination of all non-significant variables we end 
up with one unique model in which the growth rate of past rice prices and current growth rate of fertilizer 
prices remain significant (see Table 8). This is the only commodity price for which we do not find 
evidence of at least one speculation proxy as significant. However, we claim that this should not be 
surprising as the amount of futures trading on the Chicago Board of Trade (where the data for our 
speculation proxies come from) is much smaller for this commodity than the other three. Also, we have 
concerns related to Chow tests. The one-step Chows only have two breaks at the 1 percent level, which is 
not bad, given that there are 86 observations; but the breakpoint Chow tests find that there is a structural 
break in late 2006.  

Table 8. Rice price: First difference regression 

  (1) 
Variables D.ln_rice 
    
LD.ln_rice 0.627*** 

 
-0.0936 

D.ln_fertilizer -0.0764** 

 
-0.014 

Constant 0.00462 

 
(0.00627) 

  Observations 86 
R-squared 0.372 

Notes: Standard errors in parentheses. *** p<0.01, ** p<0.05, *p<0.1 

Rolling Granger Causality Tests 

Our econometric analysis of the last two subsections provides little empirical support to most if not all 
cited explanations for the increase in agricultural commodity prices over the last three years, outside 
financial or speculation activity in the agricultural commodity markets. One can argue that this lack of 
empirical evidence is due to flaws in the econometric analysis or to inappropriate selection of indicators 
for the explanations one would like to test. We can think of one possible explanation that might invalidate 
and contaminate our econometric analysis: the presence of a structural change in the underlying dynamic 
of agricultural commodities prices. From a medium- and long-run perspective the increase of agricultural 
commodities prices is a recent phenomenon after several decades of a steady decline. Hence, it well may 
be the case that our data is picking up on a structural change that has not been captured for the tests we 
have conducted and reported here. Also, when we modeled all agricultural prices jointly using a vector 
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ECM, we were not able to find a cointegration vector or long-run regression for the sample period 2002–
2009; however, we did find cointegrating vectors, although different ones, when analyzing subperiods, 
which also may suggest the presence of a change in the underlying dynamic of prices. To face this 
possibility we decided to run rolling windows Granger causality tests for all our candidate variables that 
might help explain the evolution of agricultural prices.  

The rolling windows Granger causality tests we conduct here work in the following way. First, 
we take the first 30 months available in our sample period, from January 2002 through June 2004, and 
test for Granger causality of a given variable on the price of an agricultural commodity. Second, we roll 
the sample period one month ahead, from February 2002 through July 2004, and redo the Granger 
causality test. Third, we roll the sample one extra month and test again. We keep rolling the sample 
window in a similar manner until the last window ends in March 2008. We execute this procedure testing 
for Granger causality of every available variable on each and all four agricultural prices. We remind the 
reader that a Granger causality test analyzes commodity prices based on past prices of that commodity 
and one other exogenous variable in its lags only. The appropriate lag structure (according to BSC) is 
used, and then a likelihood ratio test is used to compare the model including the exogenous variable and 
the model without it. A significant F statistic implies that there is Granger causality in the sense that the 
exogenous variable being tested can be used, for a particular block of time, as a predictor of future growth 
rates of the commodity price. Hence, this way we expect to capture if some of our variables can be 
regarded as Granger-causing prices at least for some sub-periods between years 2002 and 2009. And we 
pay particular attention to variables that although not Granger-causing prices at the beginning of our 
sample, say, years 2002 through 2004, they show evidence of Granger-causing prices in the most recent 
30 months of our sample period (from 2005 onward).   

We report here only those cases in which we find any evidence of Granger causality in any 
period. Our reports take the form of a graph where we report the F-statistic of the corresponding Granger 
causality test, for each rolling window over time, and compare it with the critical F-value. Whenever the 
F-statistic goes above the critical F-value then evidence of Granger causality is found. In what follows we 
skip tests using speculation proxies; we leave those to the end of this subsection. 

First, we analyze all exogenous variables on wheat prices and find that most series do not 
Granger-cause prices for any window of time. We only find weak evidence that biodiesel production and 
exports do start to Granger-cause prices in the most recent periods. In the case of wheat exports we find 
evidence of Granger causality only when the rolling windows reach September, October, November, and 
December of 2007.  

Figure 16. Wheat exports Granger-cause wheat prices 
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Next, we analyze all exogenous variables on rice prices. As in the case of wheat, most series do 
not show any evidence to Granger-cause the price or rise for any block of time. We find weak evidence 
that for few 30-month intervals between 2004 and 2007, the U.S. dollar depreciation rate has marginally 
Granger-caused the growth rate of rice price (see Figure 17). Also the growth rate of real world money 
holdings seems to be more important in explaining the growth rate of rice prices after 2007 in Figure 18. 

Figure 17. Exchange rates Granger-cause rice prices 

 

Figure 18. World demand Granger-causes rice prices 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

A
pr

-0
4

Ju
l-0

4

O
ct

-0
4

Ja
n-

05

A
pr

-0
5

Ju
l-0

5

O
ct

-0
5

Ja
n-

06

A
pr

-0
6

Ju
l-0

6

O
ct

-0
6

Ja
n-

07

A
pr

-0
7

Ju
l-0

7

O
ct

-0
7

Ja
n-

08

A
pr

-0
8

Ju
l-0

8

O
ct

-0
8

Ja
n-

09

A
pr

-0
9

riceer t1

0

1

2

3

4

5

6

7

8

9

A
pr

-0
4

Ju
l-0

4

O
ct

-0
4

Ja
n-

05

A
pr

-0
5

Ju
l-0

5

O
ct

-0
5

Ja
n-

06

A
pr

-0
6

Ju
l-0

6

O
ct

-0
6

Ja
n-

07

A
pr

-0
7

Ju
l-0

7

O
ct

-0
7

Ja
n-

08

A
pr

-0
8

Ju
l-0

8

O
ct

-0
8

Ja
n-

09

A
pr

-0
9

Ricem2 t1



 

27 

When we analyze the price of soybeans, we find that starting in mid-2005 (which implies a 30-
month period ending by December 2007), the growth rate in the world exports of soybeans shows 
evidence of Granger causing the growth rate of soybean prices (see Figure 19). However this evidece is 
only present for that specific period Also the growth rate of oil prices shows some weak evidence of 
Granger causing the growth rate of soybean prices at different periods over the last five years (see Figure 
20). No other variable shows evidence of Granger causality. 

Figure 19. Soybean exports Granger-cause soybean prices 

 

Figure 20. Oil prices Granger-cause soybean prices 
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In the case of corn we find that starting in the second half of 2004 the growth rate of oil prices 
shows evidence of Granger causing the growth rate of corn prices (see Figure 21). Also all these Granger 
causality relationships are positive except for the ones with oil prices. This is curious, because one would 
not have expected a negative relationship between oil and soybean prices and oil and corn prices. At least 
in the case of ethanol, one potential explanation is that ethanol can only be combined with gasoline in a 
proportion no greater than 10 percent. Hence, assuming this proportion holds, then ethanol and oil 
become complementary goods. Therefore a negative shock to the supply of oil will translate into higher 
oil prices, a drop in the demand for ethanol, and a lower price for corn. Certainly this makes the case for a 
stronger relationship between the corn and oil markets as ethanol production becomes increasingly 
important. However, this mechanism is not supported by further evidence, as we do not find evidence of 
the growth rate of ethanol production causing changes in corn prices, nor of any other variable besides 
speculation proxies.  

Figure 21. Oil prices Granger-cause corn prices 

 

Speculation  

In this subsection we present the results of our rolling windows Granger causality tests when studying our 
five proxies for speculation activity: monthly volume traded in futures contracts, monthly open interest in 
futures contracts, ratio of volume traded to open interest, ratio of noncommercial long positions to total 
reportable open interest, and ratio of noncommercial short positions to total reportable open interest. We 
conduct a separate analysis for speculation because it provides relatively more evidence of Granger 
causality on the growth rate of prices. What we find is that the growth rate of trading activity in futures 
contracts, either measured by volume or open interest, does not show any evidence of Granger causing 
agricultural commodity prices. However, our ratio of monthly volume to open interest in futures contracts 
indicates that for the case of wheat and rice, starting in 2005, this ratio has influence in forecasting price 
movements.9

                                                      
9 We remind the reader that our proxy variables for speculation are the ratio of volume to open interest and the ratio of 

noncommercial long (short) positions to total long (short) positions. This is explained in Section 2. 

 In other words, past changes in this ratio help to forecast future changes in the price of 
wheat and rice. Also we find that for the case of rice the ratio of noncommercial long positions to total 

0

1

2

3

4

5

6

7

8

A
pr

-0
4

Ju
l-0

4

O
ct

-0
4

Ja
n-

05

A
pr

-0
5

Ju
l-0

5

O
ct

-0
5

Ja
n-

06

A
pr

-0
6

Ju
l-0

6

O
ct

-0
6

Ja
n-

07

A
pr

-0
7

Ju
l-0

7

O
ct

-0
7

Ja
n-

08

A
pr

-0
8

Ju
l-0

8

O
ct

-0
8

Ja
n-

09

A
pr

-0
9

Cornoil t1



 

29 

long (reportable) positions has an effect on prices, starting in 2004. When we analyze the same ratio for 
short positions, we find additional evidence for speculation affecting the growth rate of corn and soybean 
prices. In the case of corn there are signs of causality between March 2004 and September 2006 and 
during the 30-month span lasting from May 2005 until November 2007. In the case of soybeans we find 
weak evidence, in particular for the 30-month period ending February 2008. In Figure 2 we put together 
all these results; notice that the vertical axis shows the difference between the F-critical value and the F-
statistic of our Granger causality test such that positive values of these differences indicate evidence of 
causality.  

Interestingly as the rolling samples include 2008 and 2009 data, picking the decrease of grain 
prices since mid 2008 and the adverse effects of the global financial crisis, the evidence of speculation 
activity affecting spot prices vanishes in all cases we presented. This is interesting and supports the view 
that during the food crisis agricultural grain markets were operating under a different regime in which 
speculation activity played a role in spot prices formation. Notice that it is important to emphasize the 
idea of a different regime because otherwise we wouldn’t observe such drastic changes in granger 
causality tests as we roll out our samples out of the food crisis period. To say that speculative activity 
decreased after mid 2008 is not enough to get to observe the vanishing effects of granger causality tests, 
all the contrary it would have helped the econometric regressions to link changes in the speculation 
proxies to changes in the growth rate of prices. The overall evidence points then to the following 
interpretation: before and after the food crisis speculation activity had no effect on spot prices formation 
while during the crisis it did. This is not to say that before and after the crisis speculation was not present, 
it was (probably to a less extent) but didn’t granger cause spot prices. 

Figure 22. Granger causality: Speculation proxies 
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4.  CONCLUDING REMARKS 

From 2006 to mid 2008 the international prices of agricultural commodities increased considerably, by a 
factor larger than two. This upward trend in agricultural prices caught the world’s attention as a new food 
crisis was emerging. Several explanations for these movements in prices, ranging from demand-driven 
forces to supply shocks, have been provided by analysts, researchers, and development institutions. In this 
paper we use a time series approach to empirically validate or reject these explanations using data at a 
monthly frequency. We focus on the international price of corn, wheat, rice, and soybeans. First, we 
identify variables associated with the factors mentioned as causing the increase in these agricultural 
commodities prices. Second, we use time series analysis to try to quantitatively validate those 
explanations. The empirical work presented here relies on single equations first difference models and 
rolling Granger causality tests. Vector error correction models and single-equation error correction 
models were also analyzed, however we concluded that they are not effective models to represent 
agricultural commodities price dynamic. Overall, our empirical analysis mainly provides evidence that 
financial activity in futures markets and proxies for speculation can help explain the observed change in 
food prices; any other explanations are weakly or not well supported by our time series analysis. 

When using first difference models, we find that in the case of corn three of our five speculation 
proxies show explanatory power in our regressions. The fraction of long positions in futures contracts by 
noncommercial traders, the fraction of short positions in futures contracts by noncommercial traders, and 
total open interest in corn futures contracts seem to partially explain corn price growth rate.  

In the case of wheat prices we find evidence that the growth rate of wheat world exports (lagged 
one period) has a robust positive effect on the growth rate of wheat prices. In three of our models we find 
that the growth rate of worldwide real money supply has a positive effect on wheat prices, supporting the 
idea that world aggregate demand pressures might have a played a role in the acceleration of wheat price 
increments. Also, in two specifications, lagged growth rate of oil has a positive effect on the growth rate 
of wheat prices. However, at the same time the growth rate of ethanol and biodiesel production do not 
show as significant explanatory variables. When we turn our attention to our speculation proxies, we get 
stronger evidence because all our proxies in one or another specification enter as significant.  

When analyzing the price of soybeans we find evidence of four variables, other than our 
speculation proxies, as having explanatory power on the growth rate of soybean prices. Contrary to what 
we have expected, we find a negative effect coming from the growth rate of oil prices. The 
contemporaneous growth rate of soybeans exports has a positive effect on all five regressions with 
relatively stable coefficients across specifications. In all regressions we find that the dollar depreciation is 
transmitted to the dollar price of soybeans, and the evidence shows that at least 50 percent of such 
depreciation is transmitted, and we even have a specification in which the transmission is one-to-one with 
one lag. This seems to indicate that the determination of soybean prices takes place in a different currency 
than the U.S. dollar. Also we find weak evidence that the growth rate of fertilizer prices has a positive 
effect, although the significance level of this effect is very low. When analyzing our speculation proxies 
we conclude that at least three of them are significant. Both noncommercial long positions (ratio) and the 
growth rate of total volume in soybeans futures have strongly significant positive effects. In the case of 
the volume to open interest ratio we find a positive effect, but certainly the evidence is very weak.  

For rice prices we find that only the current growth rate of fertilizer prices is significant. This is 
the only commodity price for which we do not find evidence of at least one speculation proxy as 
significant when using single-equation first difference models. However, we claim that this should not be 
surprising considering that the amount of futures trading on the Chicago Board of Trade (where the data 
for our speculation proxies come from) is much smaller for this commodity than the other three. 

Because we were concerned about the lack of strong support for explanations of high food prices 
other than activity and/or speculation in the futures markets, we evaluated the possibility that our 
econometric analysis was contaminated by the presence of structural change in the underlying dynamic of 
agricultural commodity prices. In fact from a medium- and long-run perspective, the increase of 
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agricultural commodities prices is a recent phenomenon after several decades of a steady decline. Hence, 
it well may be the case that our data is picking up on a structural change that has not been captured by the 
tests we have conducted. In order to face this possibility we decided to run rolling windows Granger 
causality tests for all our candidate variables that might help explain the evolution of agricultural prices.  

Results of our rolling windows Granger causality tests show the following: (1) In the case of rice 
prices we find weak evidence that for few 30-month intervals between 2004 and 2007, the U.S. dollar 
depreciation rate has marginally Granger-caused the growth rate of rice price; and also the growth rate of 
real world money holdings seems to be more important in explaining the growth rate of rice prices after 
2004, but this evidence is not really statistically significant. (2) When we analyze the price of soybeans 
we find that, starting in mid-2005 (which implies a 30-month period ending December 2007), the growth 
rate in the world exports of soybeans shows evidence of Granger causing the growth rate of soybean 
prices. (3) In the case of corn we find that starting in the second half of 2004 the growth rate of oil prices 
shows evidence of Granger causing the growth rate of corn prices, but with a negative relationship. (4) 
When analyzing our speculation proxies we observe that the ratio of monthly volume to open interest in 
futures contracts indicates that for the case of wheat and rice, starting in 2005, it has influence in 
forecasting price movements. Also we find that for the case of rice, the ratio of noncommercial long 
positions to total long (reportable) positions has an effect on prices, starting in 2004. When we analyze 
the same ratio for short positions we find additional evidence for speculation affecting the growth rate of 
corn and soybean prices. In the case of corn there are signs of causality between March 2004 and 
September 2006, and during the 30-month span from May 2005 to November 2007. In the case of 
soybeans we find weak evidence, in particular for the 30-month period ending February 2008. 

Interestingly as the rolling samples include 2008 and 2009 data, picking the decrease of grain 
prices since mid 2008 and the adverse effects of the global financial crisis, the evidence of speculation 
activity affecting spot prices vanishes in all cases. This supports the view that during the food crisis 
agricultural grain markets were operating under a different regime in which speculation activity played a 
role in spot prices formation. The overall evidence points to the following interpretation: before and after 
the food crisis speculation activity had no effect on spot prices formation while during the crisis it did. 
This is not to say that before and after the crisis speculation was not present, it was (probably to a less 
extent) but didn’t granger cause spot prices. 

Overall, we conclude from our time series analysis that when taking the four commodities 
analyzed here there is evidence that financial activity in futures markets and/or speculation in these 
markets can help explain the behavior of these prices in recent years. Other explanations are only partially 
supported for the particular case of one agricultural commodity or not supported at all. We do not claim, 
however, that these other explanations should be disregarded; all that we can say is that in using the 
variables considered in this study and the particular time series models herein, we do not find such 
evidence.  
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APPENDIX  

Chow Tests  

Figure A.1. Chow tests (top: one-step, bottom: breakpoint) on whole set of full corn differencing 
equation 

 

Figure A.2. Chow tests (top: one-step, bottom: breakpoint) on shortened set of full corn 
differencing equation 
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Figure A.3. Chow tests (op: one-step, bottom: breakpoint) on whole set of wheat with 
noncommercial long ratio speculation differencing equation 

 

Figure A.4. Chow tests (top: one-step, bottom: breakpoint) on whole set of wheat with 
noncommercial long ratio speculation differencing equation 
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