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Abstract 

In this paper we examine the relationship between trade with commodity derivatives and the prices 

of the underlying assets. For 4 selected commodities in the grains sector we specifically examine 

whether trade with futures contracts, can cause prices of the underlying assets to become more 

volatile or simply change. We do this by testing the relationships between the measures volume and 

open interest and monthly spot price change and volatility. During our investigation we discuss the 

theoretical transmission mechanisms between trade with futures contracts and the spot price market, 

and examine any associations between the spot and futures price. We also test for directions of 

causality by employing so-called “Granger tests” on our key variables. 

We find that there is evidence of an association between spot price volatility and trade with 

derivatives, but that the causal direction is uncertain. The evidence suggests that increasing 

transactions in the market is associated with higher levels of volatility, but that the larger the size of 

the total market, the lower the volatility of spot prices. The reason could be that with larger and 

more mature derivatives markets, producers are better able to plan and hedge and carry their 

supplies forward to the time where demand is highest. 

We furthermore find that there is no evidence of an association between the development in spot 

price and trade with derivatives. There is however evidence of a plausible transmission mechanism 

between the futures and spot market, but again it is difficult to determine the direction of causality. 

The paper concludes with some directions for further research. 
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1. Introduction 

"People die from hunger while the banks make a killing from betting on food," says Deborah 

Doane, director of the World Development Movement in London to the Guardian.
1
 

During the 2006-2008 food crisis, prices on commodities like wheat, corn, rice and oil rose 

dramatically. The result, albeit temporary, was a real economic reduction of income in most of the 

affected countries2. The affected countries included western countries in the developed world, but 

the consequences were especially dire in the developing world where the price spikes caused 

rampant and widespread social challenges, because populations are already spending a considerable 

fraction of their income on food consumption. The derived consequence was increased poverty, 

malnutrition and political instability in many of the developing countries.  The subsequent years 

have seen similar phenomena such as the 2010-2011 grain spike and the EU dairy crisis. 

Over the last two decades prices on commodities have both risen and become increasingly more 

volatile. Figure 1.1 and 1.2 shows the development in the dollar price pr. unit
3
 and volatility 

(measured in average standard deviation of dollar price pr. Unit3) of selected commodities in the 

grains sector compared to S&P 500 stock index. It seems clear that prices have risen and that the 

volatility on these markets are generally above other risky asset-classes (e.g. stocks) 

 

 

 

 

 

 

 
                                                                                       
1 http://www.guardian.co.uk/global-development/2011/jan/23/food-speculation-banks-hunger-poverty 
2 The countries (e.g. Thailand) -who are net-exporters of food experienced an increase in income due to the increase in the price levels 
3 (Corn, wheat, soybean  price pr. Bushels- contract size 5000 bushels /Rice price pr. Cwt – contract size 2000 cwt/Crude oil price pr. Barrel – contract size 1000 
barrels)  
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1.1. Price of selected commodities 

 

1.2. Development in volatility on stock (S&P 500)  and average commodity, 1990-2011 

The  development in prices has been attributed to several factors including weather conditions, 

demographic factors entailing increasing demand, trade barriers and of course the development in 

general macroeconomic indicators. But one specific hypothesis that has been rising in popularity in 

the wake of the financial crisis is that speculation in commodities is also a significant factor. More 
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specifically, the increase in the volume of traded commodity derivatives, such as futures, forwards 

and options. 

This is the reason why the media in recent years have introduced the term “hunger betting”. 

Hunger-betting is a term used for the speculation – via derivatives trading- on commodities like oil 

and food (wheat, rice, corn etc) - driving up the prices and adding volatility on the spot market. 

Through the past decade trade in derivatives has more than six-doubled which allegedly has led to 

more volatile prices on the spot market – increasing the relative cost on consumption considerably 

in underdeveloped countries.  

Implicit in this accusation is the assumption that there is a credible “transmission mechanism” 

between the trading in derivatives, which involves speculating in hypothetical future prices, and the 

actual spot price that producers and private citizens must pay for their consumption. According to 

the World Development Movement (WDM) this ‘transmission mechanism’ from the derivatives 

market to the spot market can be illustrated by the following example
4
; 

If a ton of wheat is selling for £100 today but through a futures contract the farmer can sell 

that same ton of wheat for £200 in three months then the farmer may choose to hold back the sale of 

wheat until then. This reduces the quantity of wheat being sold and with less wheat being sold; 

today’s prices will be pushed up. Alternatively, the farmer may demand £200 now from buyers, in 

which case the price today will also be pushed up.  

As with any other matter there is always two sides to a story. The main point from the ‘opposition’ 

can be illustrated through a non-arbitrage argument. 

Investing in derivatives is a zero-sum game. What is lost on one side of the table is gained on the 

other side (and vice versa). If dominant market players were continuously pocketing a seemingly 

risk-free profit then there must be another side of the contract who are continuously (and risk-free) - 

losing the same amount. It does not seem possible that this could go on for very long. Therefore 

other powers must be at play ensuring a plausible and economically sound reason for markets being 

in contango.  

Through the futures markets penalization or reward of carrying stock forward  

                                                                                       
4 http://www.wdm.org.uk/stop-bankers-betting-food/frequently-asked-questions-commodity-speculation#1 
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it is also possible that investors actually smooth out prices, by moving supply to the time where it 

best meets demand. The more liquid a market is the more precise and accurate is the price-

discovery-process, as all rational market participants acts as agents of Adam Smith’s famous 

invisible hand. 

What is the truth? Does derivatives inflict on supply and demand on spot markets or is it supply and 

demand on the spot market that determines expectations of the future and hereby the price of the 

commodity-derivatives? Maybe the truth is somewhere in between.  

This paper sets out to examine the relationship and transmission mechanism (if any) - from the 

derivatives market to the spot market. 
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2. Specification of Problem  

We are concerned with the relationship between the increased trade in commodity-derivatives and 

the development in spot prices of the underlying commodities. We are interested in examining the 

relationship between the spot- and future market during ‘normal’ market conditions. This means 

that the formation of bubbles will not be separately discussed. 

Our specification of the problem to be analyzed can be reduced to this simple question: 

• To what extent can trade with commodity derivatives affect the development in spot 

prices and spot price volatility of the underlying commodities? 

By the underlying commodities we refer to the commodity being traded (e.g. corn). When talking 

about derivatives in this paper we confine our analysis to index traded derivatives, namely futures. 

Futures are one of the most common hedging instruments of commercial actors (e.g. producers of 

goods and services) in the financial markets. By only looking at futures we simplify the analysis, as 

compared to including e.g. options. We do not take forwards into account mainly because data 

availability is limited, as they are not traded on an exchange but “over- the- counter”. 

This analysis focuses on 4 commodities from the agricultural sector, more specifically from the 

grains sector. Generally the market for commodities is split into 5 commodity sectors: energy, 

metals, softs, grains and livestock.
5
 We are only concerned with grains, because they have some of 

the most direct sociopolitical implications. The chosen commodities are all important determinants 

of the level of subsistence in the world, particularly third world countries, as the products form an 

important basis of the daily food consumption and nutrition. Apart from that, food make up a 

significant fraction of the total spend in many third world countries. In many third world countries 

the food share percent of private consumption expenditures is around 45-50%6, some countries like 

Tanzania spend more than 70% of their income on food7. 

We choose to include more than one commodity for reasons of robustness. We want to explore 

whether our results can be generalized across different commodities in the grains sector, but not 

outside the grains sector. The results we arrive at in this analysis will not necessarily be valid for 

other commodities or even other agrarian commodities, as the relevant properties of commodities 

(e.g. storability, convenience yield) may vary across both commodities and sectors. 

                                                                                       
5 Tang & Xiong p. 5 
6 http://www.ers.usda.gov/AmberWaves/February08/Features/CovergingPatterns.htm 
7 http://findarticles.com/p/articles/mi_m3765/is_n3_v19/ai_19498742/ 
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 Although quite simple, our main question requires a number of other questions to be answered: 

• How can trade in derivatives theoretically affect spot prices of underlying assets? 

• What factors determine spot and futures prices of commodities? 

• Can increased trade in futures (measured by open interest and trading volume) drive up the 

prices in futures market irrespective of the perfectly elastic supply?  

• How will trade in derivatives affect the spot price? 

• Can trade in the futures market increase or reduce volatility of spot prices? 

• What is the association and direction of causality? 
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3. An overview of derivatives market and the debate on regulating them 

3.1 The origins of Derivatives Markets 

The first known instance of derivatives trading dates to 2000 B.C. when merchants, in (what is now 

called) Bahrain Island, made consignment transactions for goods to be sold in India.  In Aristotle's 

writings (approximately 2500 years old) - there is a story of the philosopher Thales, who used his 

skills in forecasting to predict the olive harvest of the coming autumn and made prudent agreements 

with the local olive-press owners to deposit money with them in order to guarantee him exclusive 

use of their olive presses when the harvest was ready.8  

By securing a fixed low future price, Thales in effect made the equivalent of a modern “forward” 

contract, and profited from his prudent forecast. But the olive-press owners also obtained the 

advantage of hedging their own operational risk. The story of Thales illustrates the re-allocation of 

risk to those who are allegedly best suited to bear it in form of risk appetite and/or having 

comparative advantage in bearing the specific risk (e.g. ability to forecast market movements). This 

suggests that commodities derivatives trading offer a possibility to re-allocate risks in the most 

efficient way, creating value in the market as a whole. 

3.2 Derivatives Markets today 

Today there are several exchanges to trade derivatives in a standardized manner. After the merger 

of The Chicago Board of Trade (CBOT) and the Chicago Mercantile Exchange (CME) the largest 

derivative exchange in the world was formed. Up until then the Frankfurt based electronic trading 

exchange, Eurex, was the leading in derivatives trades. 

Derivatives are used to hedge the risks normally associated with commerce and finance. Farmers 

can use derivatives to hedge the risk that the price of their crops falling before they are harvested 

and brought to the market. Banks can use derivatives to reduce the risk that the short-term interest 

rates they pay to their depositors will rise, and reduce the profit they earn on fixed interest rate loans 

and securities. The many uses of the derivatives has made the market enormous – both in means of 

risk-transfering, hedging and in speculation. There exist two kinds of markets for derivatives 

                                                                                       

8 Aristotle, Politics, trans. Benjamin Jowett, vol. 2, The Great Books of the Western World, ed. Robert Maynard Hutchins (Chicago: University of Chicago Press, 1952), 
book 1, chap. 11, p. 453 
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trading: 1) The “Over The Counter” (OTC) market where derivatives are traded between private 

parties with contracts being designed to meet the demands of the engaging parties in a largely 

unregulated environment, and 2) the exchange market which is subject to regulation. The OTC 

Derivatives Market is characterized by low trading volumes, large trade sizes and is largely 

dominated by institutional participants. 

3.3 Debate on Regulation of Derivatives Markets 

The exponentially growing derivatives market has caused a lot of debate revolving around whether 

the size of the market constitutes a systemic risk, both in financial markets but also in the markets 

of the underlying assets. As mentioned in the introduction paragraph in this paper there is talk of a 

‘transmission mechanism’ from the derivatives market to the spot market causing higher volatility 

and bubbles due to speculation. 

Financial Policy Forums Derivatives Study Center lists a range of regulatory issues of direct 

concern to the problem of this paper.
9
 Derivatives first and foremost increase leverage and lowers 

expense of risk taking. Derivatives make risk shifting, and hence risk taking, cheaper, which can 

increase risk taking (but also make the market more efficient). Apart from that some believe that 

derivative trading entail destructive activities, such as fraud or manipulation of markets and the 

price discovery process. Specifically the latter is of interest to this paper. 

Apart from that derivatives are accused of being tools to avoid regulation in general, increase risk 

by off-balance sheet financing and in general increase systemic risk of the financial system, due to 

the sheer size of the derivatives market. Thus, the primary desire for more regulation is based on the 

idea that derivatives have been the main reason for several unwanted economic conditions. 

Historically, though, the market for derivatives trading has been much less regulated than other 

financial markets. 

Derivatives trading has a non-symmetric distribution of profit and loss with an (in theory) infinite 

possibility of losing or winning. The argument is that when this is combined with 1) unscrupulous 

investors with large sums of money to invest 2) incentives to conduct ‘moral hazard’ (due to the 

expectation of being bailed out by the government in case of economic distress) and 3) easily 

accessible leverage (the ability to take large positions with relatively small sums of money initially 

                                                                                       
9 http://www.financialpolicy.org/fpfspr8.pdf 
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invested) -it creates a bomb under the financial systems and all of the related asset- and commodity 

markets.  

With the increasingly large derivative positions, the derivatives-market is accused of fueling 

bubbles and causing prices to become more volatile in commodity spot-markets, sending millions 

of people hungry to bed because they cannot afford to buy basic commodities like wheat, rice and 

corn. These are the basic arguments why many NGO’s and Institutions demand more regulation on 

the markets for derivatives.  

The proponents of unregulated trading of derivatives, argues that even though trading in derivatives 

is a zero-sum game actual value is created in the markets through the efficient allocation of risk.  

The efficient allocation of risk caused the world economy to actually grow faster than it otherwise 

would have because of the proliferation of derivatives.  

This also raises the dilemma that even though those in favor of derivatives regulation are right and 

the financial crisis is the fault of unregulated derivatives, it is still an empirical question whether 

avoiding the housing boom and bust would have been worth more than the extra consumption made 

possible all over the world from the market-driven growth in derivatives.  Many critics of further 

derivatives regulation emphasize that the use of derivatives did not in itself cause the crisis and 

bubbles we have seen in the past decade. The smoking gun is to be found within loopholes and the 

imbalances created by the regulation itself. 

Several regulation initiatives have been highlighted as de-stabilizing and the direct cause of 

unwanted economic conditions, on the side of the debate ‘in favor’ of deregulation of derivative 

markets. The most essential and common arguments for deregulation are related to the so-called 

moral hazard problem.  

1) Many believe that the financial crisis of 2008 was largely the result of institutions failing to 

protect themselves from (what seemed to be) improbable but catastrophic scenarios, because 

of the so-called “Greenspan Put”, which was the Fed’s perceived promise to provide bank 

liquidity when needed.  

2) The bailouts engineered by Paulson and Bernanke is said to have exacerbated the moral 

hazard problem, as they effectively eliminated many of the economic penalties to financial 

institutions from risky behavior. 
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To sum up, derivatives play an important role in both financial and commercial markets, as they are 

used to hedge both companies financial and operational risk. They contribute to a more efficient 

market through the efficient allocation of risk. Most scholars, policy-makers and practitioners can 

agree upon this. The question is whether trading in commodity derivatives can, under certain 

circumstances, or in certain forms, have pernicious consequences for the economy at large. 
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4. Implications of Price Volatility and Spikes  

This chapter is concerned with the consequences of price volatility for:  

• Economic factors: output/production 

• Social factors: poverty, inequality etc. 

• Political factors (instability, riots etc.) 

While a variety of factors such as poverty, unemployment, and social injustice are to blame when 

political unrest, riots or even revolutions unwind,  food scarcity or high prices is often to be found 

on the list of (plausible) triggers or direct causes. 

In recent times the violent protests in North Africa and the Middle East in 2011 as well as earlier 

riots in 2008 all coincides with large peaks in global food prices. 

 

A paper on The Food Crises and Political Instability in North Africa and the Middle East by Marco 

Lagi, Karla Z. Bertrand and Yaneer Bar-Yam studied the timing of reported riots and global 

commodity price development in recent years10. They find that there is a clear correlation between 

rising food prices and riots in low income countries (see figure 4.1.1 below)  

 

 

 

 

 

  

                                                                                       
10 Lagi, Marco, Bertrand, Karla & Bar-Yam, Yaneer (2011a) 
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Figure 4.1.1 Timing of development in food prices and riots 

 

Red dashed vertical lines correspond to beginning dates of food riots and protests associated with 

the major recent unrest in North Africa and the Middle East. The overall death toll is reported in 

parentheses
11

. The blue line is based on the FAO Food Price Index from January 2004 to May 2011. 

 

In 2008 more than 60 food riots occurred worldwide12 in 30 different countries13 10 of which 

resulted in multiple deaths as shown in the figure above. 

It seems indisputable that there are comparatively fewer food riots when the global food prices are 

lower. 

 

Historically, there are several examples of food riots which has consequently challenged authorities 

and called for political change14. The main difference between historical food-riots and riots caused 

by food scarcity today is the reliance from the low income countries on the global food supply 

                                                                                       
11 For sources see 10. Appendix  1 
12 Food crisis less severe than 2008 on rice price, OECD says 
(March 02, 2011 http://www.businessweek.com/news/2011-03-02/ 
food-crisis-less-severe-than-2008-on-rice-price-oecd-says.html). 
13 The food crisis (February 24, 2011 http://www.nytimes.com/2011/02/25/opinion/ 
25fri2.html?_r=1). 
14 One of the most notable examples were the food riots and social instability across Europe in 1848, which followed widespread droughts – Source: D. Dowe, H.-G. 
Haupt, D. Langewiesche, J. Sperber, eds., Europe in 1848: Revolution and reform (Berghahn Books, 2001). 
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system. Historically there has been a higher degree of local supply which could act as an 

intermediate buffer against a sudden rise in global food prices. Today we see that when 

international food prices increases this leads to a large decrease in real income per capita in 

countries where it is not unusual to see food expenditure accounting for more than 45% of total 

income. 

 

In food importing countries with widespread poverty, political organizations may be perceived to 

have a critical role in food security. Failure to provide security undermines the very reason for 

existence of the political system. The loss of support occurs even if the political system is not 

directly responsible for the food security failure, as is the case when the primary responsibility lies 

in the global food supply system. 

 

This is one of the main reasons for governments in the developing world to impose trade barriers 

when global food crisis hit. Their main goal is to ensure stability and to provide the basic necessities 

for the population. If they fail to do this they might end up seeing all good they have done in past 5-

10 years being destroyed and their legitimacy facing the population destroyed along with it. 
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5. Theoretical Framework  

This chapter outlines the theoretical framework of the paper.  

In this paper we will be discussing the following points: 

• The approaches to modeling the relationship between spot- and future prices. 

• The characteristics of the agricultural  markets under investigation 

• The theoretical effects of trade in commodity futures contracts on spot prices 

• Other factors influencing commodity spot prices 

• The specific variables that determine the prices on spot markets. 

The chapter concludes with a definition of the hypotheses that can be deduced from the framework, 

and will be tested against the data. 

5.1 The theoretical relationship between future and spot prices 

The futures price F0 for a contract at t=0 with time T to delivery is generally determined by the 

factors: 

• Current spot price at t = 0, S0. 

• The prevailing risk free interest rate, r  

• The costs associated with storing the commodity during the period of the contract, u 

• The so-called “convenience yield” of the commodity during the period of the contract, y. 

The prevailing risk free interest rate represents the avoided costs associated with having money tied 

up in the asset, the amount of income and convenience yield from the asset are factored in as 

“opportunity costs” of not holding the underlying asset during the period and the storage costs are 

factored in as an “opportunity income” from not holding the underlying asset.  

One common way of modeling this relationship is: 

(1.1) 15 F0 = S0e
(r+u-y)T 

The following points describe the assumptions of this relationship
16

 and our assessment of them: 

                                                                                       
15 Hull (2011) p. 123 
16 Hull (2011) p. 105 
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1. Are subject to no transaction costs when they trade: this is clearly false. There are 

transaction costs to any transaction, but the maturity of the market with regard to finding and 

entering the contract, the risk of default etc., means that this kind of cost is likely present, 

but negligible. 

2. Are subject to the same tax rate on all net trading profits: Tax rates vary significantly across 

different political domains. So the estimation of this parameter would depend upon the 

origin of the trader and what country this person is subject to taxes in. For simplicity we will 

assume that this analysis is performed at such a high level that the effects of different tax 

rates are cancelled out, as they are unlikely to vary systematically with any of our response- 

or explanatory variables. 

3. Can borrow and lend money at the same risk free interest rate: There is usually a difference 

between the rates at which market participants can borrow and lend. As we are interested in 

the interest rate movements we will assume a somewhat constant spread between the 

borrowing- and lending rates hereby allowing us to use one interest rate measure in our 

analysis of prices. 

4. Are assumed to take advantage of arbitrage opportunities as they occur: We will assume that 

this assumption is completely fulfilled. A large proportion of the investors in the market for 

commodities are structured investors and index funds which are all technologically 

advanced, and therefore will spot any arbitrage opportunities and trade any over-normal 

profit away. 

However, this paper is mainly concerned with the determination of spot prices. From a traditional, 

neoclassical point of view, spot prices are determined by supply and demand. Our specific problem 

is the association between spot prices and trade with futures contracts. Singleton (2011) presents a 

model of how spot prices can be determined by other factors than supply and demand. The model is 

based upon the most common ways of determining spot prices and their relationship with future 

spot prices also employed by other commodity analysts such as Pirrong (2008), Hamilton (2009) 

Irwin and Sanders (2010). These authors use the model to analyse the determination of spot prices, 

which is closer to our specific problem. The model that Singleton arrives at, incorporates investors 

expectations and risk premium from entering the contract as well as the variables mentioned above 
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(risk free interest rate, storage costs and convenience yield), albeit with a slightly different formula. 

Singleton specifies the model as
17

: 

(1.2)   �� � ���� ���	�� � �� � ��� � ���� ���� 

Where ��� is the participants expectations to the market development, St is the spot price at time t 

and Ct are the convenience yield adjusted for storage costs. The model also incorporates the effects 

of the risk premium, RPt, associated with the economic forces that determine commodity prices 

over the horizon of the futures contract and any limits to arbitrage (including financial market 

frictions that impinge on the flexibility of market participants). The model assumes that the market 

is not near stock-out conditions, in which case prices may behave radically different as stocks are 

not present to alleviate the effects of a supply or demand shock. 

It follows from this model that spot prices are not only influenced by current market conditions 

(supply and demand), but also by: 

1. Investors’ expectations about future economic activity. We will assume that the futures price 

is a proxy for the expected future spot price by market participants. 

2. The individual investors’ convenience yield and storage costs associated with the specific 

commodity. This will, for the sake of simplicity, be assumed to be constant in the analysis. 

3. In equation (1.2) the expectation of the future spot price can be operationalized through the 

futures price and hence the price developments in the futures markets can formally affect 

spot prices. This is one of the puzzles that this paper is setting out to explore. 

4. Risk premiums demanded by investors, which may change over time and may be affected 

by risk premiums in other financial markets, affecting investors general risk premium 

demand.  We will include the development in the risk free rate of interest as a proxy for the 

risk premium and for simplicity we will assume the actual risk premium to be constant. 

This theoretical contribution is important as it stresses that future prices can affect current spot 

prices in ways that may not be directly derived from supply and demand situations, and that other 

factors not directly derived from supply and demand may also play a significant role. Many of these 

factors can be quite difficult to operationalise in quantitative measures (some of them can be 

estimated though, such as the risk premium, but this is beyond the scope of this paper).  The factors 

are important for the analysis and subsequent discussion of results, as for example assumptions 
                                                                                       
17 Singleton (2011) p. 3 
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regarding investor’s formation of expectations (are expectations rational, based upon all publicly 

available information and conform, for example, or do investors interpret publicly available 

information differently and hence differ in their expectations for the future). Also storage costs and 

convenience yields will be relevant for the discussion, as they are highly specific for the commodity 

being discussed. Commodities may differ in their physical size and general storability for example 

(e.g. bananas decay faster than rice).  

5.2 The effects of trade in commodity futures contracts on spot prices 

The preceding chapters have discussed the link between the futures price and the spot price. But 

these theoretical conjectures alone are insufficient to clarify the directions of causality between the 

futures price, the volume of trade in futures and the spot prices. Do spot prices determine futures 

prices, or can futures prices determine spot prices as well? Can the trade in derivatives like futures 

contracts truly affect the process of determining the spot prices? As discussed briefly in the 

introduction, the policy debate is rife with accusations of derivatives affecting spot prices in one 

way or the other (causing bubbles, price spikes and instability independent of fundamental and real 

factors of supply and demand). On the other hand, it is since trade in derivatives for the most part 

does not entail the actual exchange of goods, it can be difficult to understand how the trade in 

derivatives can affect the development of spot prices. This brief section elaborates on this 

conundrum. 

There are two sides to this problem: 1) can trade in derivatives affect spot prices at all and if so, 

then 2) how can we expect the trade in derivatives to affect spot prices? 

Trade in derivatives, is often referred to more or less arbitrarily as “speculation” in the media and it  

is often brought up in policy debates as affecting spot prices
18

 by driving them away from 

fundamentals, though,  there is no clear, logical explanation as to why it should be so. The basic 

problem is that unlike physical markets, the supply of contracts on futures markets is not 

constrained by the availability of tangible quantities. The supply is infinite, and hence increased 

demand should not affect futures prices19. There is a general agreement among authors about this 

basic fact. The natural corollary of this is that trade in derivatives can only affect the spot prices of 

the underlying assets, if it somehow changes the expectations of actors in the spot market. For 

example, if a producer sees that the futures price is considerably above the current spot price, and 

                                                                                       
18 See e.g. Masters (2008) 
19 Tangermann (2011) p. 19 
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he believes this to be an accurate forecast of the future spot price, he would have incentives to build 

up his inventories and hold them for the future date, thereby reducing supply and raising the price 

today. If the futures price was below the spot price, the effect could be the reverse. Hence 

derivatives would be driving the spot price away from the fundamentals if the futures price is not 

grounded in fundamentals.   

This would however mean that financial flows would convey some new information on the 

prospective balance of supply and demand to the actors in the spot market. In practice it may be 

difficult for a trader in the spot market to distinguish between financial flows from investors, who 

may be just speculators or “noise traders”, and the investors who actually convey new information 

about market fundamentals. So over short horizons, until the spot traders have revealed the true 

information, there could be an effect from the futures price to the spot price. But in the long term, 

this should disappear.
20

 

The second side of the problem depends upon which assumptions you accept about market 

participants. The most important assumptions have to do with whether you believe in rational actors 

and efficient markets or not. Actors can be assumed to have either rational expectations, meaning 

that they will use all publicly available information, and interpret it similarly, when they forecast 

prices.21 If you accept this assumption, along with the four assumptions in section 5.1, you basically 

believe that markets are efficient. This is the kind of view propagated, explicitly or implicitly, by 

Friedman (1953), Tirole (1982) and Working (1949). From this point of view, trade in commodity 

derivatives will have a stabilizing effect on spot prices, as no one will be able to make a profit from 

speculation, and speculators will tend to sell when prices are high and buy when prices are low, 

thereby reducing volatility. Hence trading should not cause price spikes or bubbles either.  

Another point of view is based on a relaxation of rational expectations assumptions. This does not 

entail that actors are not rational and use all publicly available information to forecast prices (e.g. if 

they only used historical information as in “adaptive expectations” assumptions), but that they 

simply interpret the information differently. From this point of view, trading can cause volatility 

and price spikes, because investors start trading strategically, attempting to guess what other 

                                                                                       
20 Sapporta, Trott and Tudela (2010) p. 223 
21 Singleton (2011) p. 6 



22 

 

investors are thinking and adjust their strategies accordingly.
22

 If these assumptions are correct, we 

would expect increased trade with derivatives to have a destabilizing effect
23

. 

To sum up, the effect of trade in derivatives on commodity prices is dependent upon what you 

assume about the actors and their interests. 

5.3 The characteristics of agricultural markets 

Agricultural commodities differ a bit from commodities in other sectors such as energy and metals. 

Fundamentally, the same factors affect them (apart from some extra control factors such as 

weather), but it can affect them in different ways and to different degrees. This section briefly 

elaborates upon what characterizes agricultural products on some of the most important factors in 

the equations presented above.  

An OECD review of agricultural prices in 2011
24

 showed that agricultural spot prices are inherently 

quite volatile. The primary reason is that the markets are frequently hit by supply shocks, due to 

natural conditions such as weather (drought or heavy rainfall for example) or sometimes natural 

disasters (such as a tsunami that destroys a rice harvest). This also means that the business is quite 

risky, and hence hedging is not uncommon.
25

 The OECD study concluded that volatility had 

increased over the last two decades, but not over the past 50 years.
26

  

Apart from this, the production process is long, and decisions with regard to production and 

inventory must be taken well in advance of product sales. The costs of storage can be significant, 

since all grain for example, but also livestock, take up considerable space. Agricultural goods are 

not infinitely storable either, as they, unlike oil or metals, have expiration dates. But the fact that the 

markets are volatile also means that the convenience yield of agricultural products (that is, being 

able to sell when the demand rises) is quite high, but probably not higher than energy, softs or 

metals. The crux of the matter is that: 

• Storage costs are likely to be higher for agricultural products than most other commodities, 

due to high requirements for space and limited storability. 

                                                                                       
22 Singleton (2011) p. 7 
23 Singleton (2011) p. 7 
24 OECD, Trade and Agriculture Directorate, Committee for Agriculture (2011) 
25 OECD (2011) p. 10 
26 OECD (2011) p. 6 
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• Agricultural markets probably have higher risk premiums than many other commodities, due 

to the volatile nature of the fundamentals themselves and the need for long-term planning. 

This in turn could make speculation more risky. 

5.4 Other factors influencing agricultural commodity spot prices 

Before going in to depth with the actual analysis it is worthwhile noting that, regardless of whether 

financial investors do or do not play a role in the relatively high volatility on the markets for 

commodities, there are uncontrollable, external and fundamental factors at play.  These factors do 

indisputably add to market volatility.   

1. The weather has a great impact on the supply-side which in turn has varying output from 

period to period. 

2. In the short term both the demand- and the supply side are quite price in-elastic which 

means that when shocks occur prices have to change accordingly in order to balance supply 

and demand.  

3. There is a ‘time-lag’ between the spot-market and the supply-side, as it takes relatively long 

time before the supply-response to market changes, has their crop ready to be sold on the 

spot market.  

As mentioned earlier there is one very fundamental factor to the futures market which very clearly 

separates the equilibrium conditions from ‘traditional’ markets (e.g. commodities)-and that is that 

supply of future contracts is infinite, making the supply side perfectly price-elastic. There is no 

upper limit to how many contracts there can be generated as long as there are parties willing to take 

each side of the bet. 

This is possible for one reason, and one reason only, the participants on the future market does not – 

or at least very rarely- take an actual physical position in the underlying commodity. 

So, why are financial investors in the market for live cattle, wheat and rice? These assets are often 

cited to be less affected by general macro-economic factors than more traditional financial assets 

(e.g. equity). Due to the different fundamentals and patterns in the commodity markets, it offers 

investors diversification to their portfolio. 



The side of the discussion who are against the use of commodity derivatives as a mean of 

diversifying the portfolio argues that the long-only investment usually pursued by the index funds27 

are distorting the prices. The index funds will typically allocate a fixed relative weight of their 

portfolio to this asset class (e.g.  2%) - no matter what the price on the market is. When a big share 

of the demand side is price in-sensitive then the normal ‘powers’ provided by supply/demand – 

equilibrium are to some extent not functioning. When demand is in-elastic then the price will have 

to change accordingly in order to balance supply and demand. This is illustrated in figure 5.4.1. 

Figure 5.4.1. Illustration of a general price movement in a market with in-elastic demand 

 

 

When demand for future-contracts is in-elastic and long-only it must – all other things held equal- 

drive the futures-price up. If/when the price is driven to a higher (future) level which is above the 

marginal cost of producing the underlying (commodity)asset then this will subtract current supply, 

encourage future-supply and possibly make the demand side look for substitutes, hereby driving 

(future) supply up and (future) demand down creating a much more volatile playing-field for the 

(future) spot prices. 

This suggest that the futures price is usually higher than the spot price (market is in ‘contango’). A 

market in contango is not to be confused with a market in disequilibrium and hence a way of 

making future cost-free over normal profit. Carrying stock forward is costly as the time value of 

                                                                                       
27 Sanders, Irwin, Scott & Merrin (2008) p. 6. 
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money in conjunction with storage costs forms the basic ingredients of the cost of carrying 

inventories into the future. When the market has a downward-sloping price curve (market is in 

‘backwardation’)-this suggests that the convenience yield
28

 of holding the specific commodity 

outweighs the cost of carrying it forward. The convenience yield thus helps draw the shape of the 

forward curve. 

Through the futures market, market participants are either being rewarded or penalised for carrying 

forward inventory. The shape of the forward curve is an important indicator of the state of the 

market, sloping downwards when the market is tight and rising when supply is abundant. 

It is quite obvious (see figure 5.4.2 below)- that the degrees of both contango- and backwardation 

markets increased significantly from 2000 and onwards. This coincides with the entrance of 

structural investors, suggesting that the in-elastic demand positions could be driving future- and 

spot prices further apart. 

Figure 5.4.2. Future-to-spot ratio 

 

 

                                                                                       

28 The “convenience yield” of holding stock refers to the fact that commodities confer real benefits on its holders at certain times, making it convenient to own 
inventories when markets are tight. Holders of commodity inventories are able to sell stock when prices are high, perhaps due to a temporary shortage. It is 
convenient, in other words, to own stocks when markets are tight and the tighter the market the greater the yield or reward reaped as a result of possessing inventories 

— hence the term ‘convenience yield’.  
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Another side-effect to driving up the price in the futures market is that it could possibly tangle with 

the price-discovery process on the spot market. When the market is in contango it could be 

interpreted as a ‘bull’ signal to the spot-market participants. The main participants in the futures 

market are index funds and structured investors and it would not be inconceivable to believe that the 

commercial hedgers would be looking to the futures market and perceive the signal sent by the 

financial investors as a price which incorporates all information (some of that information is 

potentially not picked up and/or available to the commercial hedgers) - and thereby interpreting the 

futures price as the ‘correct’ future spot price.
29

 Hereby allowing the futures price to tangle with the 

formation of expectations and hence the price-discovery process on the spot market. 

But, as mentioned earlier it is extremely rare that financial investors take actual physical positions 

in the commodity markets and therefore there is a ‘missing link’ as to why their betting on the price 

movements on the market should have any actual effect on the supply, demand and price setting on 

the spot market. Other factors are argued of having more plausible causal relations to the price-

discovery-process on the spot market. 

5.4.1 Stock 

Stocks play an important role as buffers to market shocks.
30

 The price effects of a supply or demand 

shocks can be absorbed to a large extent by stocks until they are depleted. This is also the reason 

why the most dramatic price spikes are typically observed when stocks have reached very low 

levels.31 It may also result in higher price volatility.32 When consumption for some exogenous 

reason increases above production levels – causing stock levels to decline – it would not be 

surprising if suppliers would demand a higher price.  This can go on for some time until stocks 

reach a critical level. When news get out that stock levels are below ‘normal’ this can cause panic 

and hoarding behavior on the market which then may lead to an actual ‘bubble’. 

We will measure this by global stock-to-use ratios and stock levels. We will also be comparing 

actual stock levels to the spot-to-future price ratio as this could be an indicative test on the argument 

made by the World Development Movement regarding a market in contango will induce suppliers 

to hold back supply (hereby building up inventories)- and sell it on the future market. 

                                                                                       
29 Sanders, Irwin, Scott & Merrin (2008) p. 1 
30 Deaton & Laroque (1996) 
31 Tangermann (2011)p. 6 
32 Sanders, Irwin, Scott & Merrin (2008) p. 9 
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5.4.2 Weather conditions 

Droughts, floods and other weather phenomena’s are causing supply to become more volatile and 

fragile, and is typically one of the most influential factors determining price movements in the 

grains sector
33

. When droughts are ravaging in large commodity production areas this naturally has 

an effect on the expectations – and therefore the pricing- of the upcoming crop-size. We will 

measure this by employing data on global precipitation levels.  

5.4.3 The development of the US Dollar  

As many commodities are dollar-denominated they will appear to have become more expensive 

when the dollar depreciates on the global FX market (and vice versa). The dollar should therefore 

have a direct impact on price movements/volatility on the dollar denominated commodities. We will 

include a weighted average of the USD in the regression analysis. 

5.4.4 Energy prices 

Energy can affect commodities in several ways. First, energy is an input variable to the production 

of commodities. Second, when the price of energy goes up there is an even stronger demand for the 

production of bio-fuels which then pushes up demand for corn. In this study we measure it by the 

price of oil.
34

 

5.4.5 Macroeconomic factors 

Several global macro-economic factors could be anticipated to influence the commodity spot price 

either directly or in-directly. First and foremost the growth of the economy, or GDP growth, as the 

general state of the economy says a lot about the purchasing power and hence demand of consumers 

(especially in underdeveloped countries)- and producers buying agricultural goods.
35

 The rate of 

inflation and the interest rate
36

 are both important determinants for the cost-of-carry on supplying 

commodities in the future as oppose to supplying it on the spot market. The rate of inflation 

decreases the purchasing power and the interest rate is seen as an alternative cost to having money 

tied up in inventories. 

5.4.6 Demographic factors 

The size of the global population could be expected to have a direct effect on the global demand for 

food. 
                                                                                       
33 Tangermann (2011) p. 13 
34 Tangermann (2011) p. 14 
35 Tangermann (2011) p. 15 
36 Fama & French (1987) p. 55 
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5.4.7 Futures prices 

Does the futures price have any explanatory power in determining the spot price? Part of the 

argument on a transmission mechanism from the price-setting on the futures market to the price-

setting on the spot market, is that the increased trade in futures drives up the price for futures
37

 

which then has an effect on the price-discovery-process on the spot market. 

We will measure this by: Using the futures price as an explaining variable in determining the spot 

price. We will also test the development in futures prices explained by trade volume and open 

interest in order to see if increased trade actually does lead to higher prices regardless of the 

perfectly elastic supply of futures contracts. 

When possible we will test the relationships and correlations quantitatively via regressions analysis, 

Granger causality and also by looking at auto correlation and any obvious un-captured trends in the 

residuals. 

In our analysis we will try to test, analyze and explain how the different parameters affect and 

explain the price- development, trend and volatility on the specific commodity markets. This will 

then lead us to conclude whether financial investors are sending people in underdeveloped countries 

hungry to bed, while making ‘a killing on food’.  

The following table summarizes our expectations to the variables just discussed. 

  

                                                                                       
37 This is possible because (allegedly)- index funds dominate the market and have a long-only fixed amount of money tied to the commodities as an asset class and 
therefore a big part of the demand on the market is assumed to be perfectly price in-elastic (see section 4.4. in this paper) 
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Table 5.4.1 Expected effect on spot price 

Variable Expected effect on spot price change 

(+/-) 

Stock Negatively correlated 

Pos./neg. weather conditions Negatively correlated 

Development in the US Dollar Positively correlated 

Energy prices Positively correlated 

GDP Growth Positively correlated 

Interest rate Positively correlated 

Global rate of Inflation Positively correlated 

Population growth Positively correlated 

Futures prices Positively correlated 

 

5.5 Summary of Hypotheses  

During our theoretical review we have discussed various views on the derivatives market, as well as 

their underlying assumptions about the rationality of market participants and the efficiency of the 

markets. We have divided the outlined views into two broad camps: one skeptical camp and one 

optimist camp. We have named them such, because their views imply different attitudes towards the 

desirability of derivatives markets effects on spot markets and hence the need to regulate them.  

The sceptical camp basically assumes that markets are not efficient, because: 

1. Market participants’ expectations are either not rational, meaning that market participants do 

not use all publicly available information to determine their expectations of future price 

movements, they disagree about the interpretation of this information or simply interpret it 

wrongly. 

2. Because of 1) the futures price is not based on true information on fundamentals (supply and 

demand), but is determined by the demand for futures contracts which is highly influenced 

by the speculators taking (irrational) views on the future price movements. 

3. Because of 2) arbitrage is possible, because the future price is not determined by 

fundamentals. Hence it is possible for market participants to take advantage of the spread 

between the actual futures price and the futures price determined by the cost of carry and 

risk premium, as described in equation 1.2 
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4. Because of 2) and 3) the futures price can affect the spot price, as commercial market 

participants will use the spread to take advantage of arbitrage opportunities by combinations 

of increasing their stocks and locking in their future price, hence reducing and increasing 

supply based on movements in the futures price and not the fundamentals on the spot 

market. 

From the point of view of the skeptical camp we should expect to see the following: 

• When trade (measured by volume and open interest) increases the futures price rises, 

because long only investors create an in-elastic demand pressure on the price. 

• When the market is in contango we should see inventories rising, because market 

participants will build up their inventories to sell their goods at a higher price later. 

• When the futures price rises the spot price also rises, because commercial participants will 

either build up inventories to sell in the future (hence reducing supply) or demand a higher 

spot price to compensate for the opportunity to sell it at a higher price later.  

• When trade (measured by volume and open interest) increases, the spot price volatility rises 

because the price is not based on fundamentals but on speculators taking views on the future 

price development
38

, hence bringing the spot price out of fundamental equilibrium more 

frequently. 

The optimist camp on the contrary assumes that markets are efficient, because: 

1. Market participants expectations are rational, meaning that market participants use all 

publicly available information, and agree on the interpretation of it, to determine their 

expectations of future price movements. 

2. Because of 1) the futures price is based on true information on fundamentals as it is 

determined by the current spot price and the cost of carry, as sketched in equation 1.2. 

3. Because of 2) arbitrage is not possible. All expected gains from price movements are 

arbitraged away immediately by the market participants. 

4. Because of 2) and 3) the futures price does not drive the spot price away from fundamentals.  

From the point of view of the optimist camp we should expect the following: 

                                                                                       
38 Brunetti & Büyüksahin (2009) p. 3 
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• There is no association between the amount of trade and the futures price. Increase in trade 

can not affect futures prices, as supply is infinite and hence absorbs all demand. 

• When trade increases spot price volatility is reduced either because most participants use the 

derivatives market to hedge their operations, hence removing volatility on their operations, 

or because of the smoothing effect on the price as market participants react to price 

incentives given by rewards and penalties for carrying supplies forward. 

• The expectation of the future spot price (along with the cost of carry) determines the futures 

price. 
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6. Research Design 

This chapter describes the research design. It is concerned with five subjects: 

• The data sources and sample of data 

• The chosen response variables and their definition 

• The chosen explanatory variables and their definition 

• The analytical approach 

• Methodological issues. 

6.1 Sample and data sources 

We have selected 4 types of commodities from the grains sector.  The commodities may have 

several types of qualities, e.g. some may have higher convenience yields than others, so we find it 

meaningful to include more than one commodity to check how robust the results are across different 

commodities of the grains sector. We have chosen the most traded type for each commodity. The 4 

commodities analysed are corn, wheat, rice and soybean. 

The source of the sample of our response variables is Standard & Poor’s Capital IQ platform. The 

platform provides data and analytics on companies, markets, transactions and people worldwide. 

The sample contains data on daily closing spot prices of our five commodities from December 2000 

until December 2011. All prices are quoted in USD and in nominal terms. This daily data is used to 

calculate our two primary response variables: 1) spot price volatility and 2) spot price change. The 

variables are analyzed on a monthly basis, since it is our assessment that this length of time periods 

is the most optimal for our purposes, as it reduces the amount of day-to-day data noise and enables 

us to measure the effect of more long-term control variables such as GDP-growth, while still 

keeping the number of observations in the time-period at an acceptable level (11 years times 12 

months plus the December of 2000, equal to 133, when no data is missing). 

Apart from these variables a number of control variables, that are not specific to the individual 

commodities, are employed. These are gleaned from a number of highly reliable sources, including 

the Organization for Economic Cooperation and Development (OECD), the Bank of International 

Settlements (BIS), the US Census Bureau, the United States Development Agency and the United 

Nations (UN). These variables, their sources, definitions and calculations are summarized in table 

6.1.1. below.  

 



33 

 

Table 6.1.1. Summary of data sources 

Variable Definition Source 

Annual total domestic 

consumption 

Total annual consumption of the 4 

commodities   

United States 

Development Agency 

Annual world ending 

stock 

Annual world ending stock of the 4 

commodities 

United States 

Development Agency 

OECD GDP growth  Quarterly real GDP growth of OECD, 

seasonally adjusted. Percentage growth divided 

by three to adjust to monthly basis. 

OECD, main economic 

indicators 

G20 GDP growth Quarterly real GDP growth of G20, seasonally 

adjusted. Percentage growth divided by three 

to adjust to monthly basis. 

OECD, main economic 

indicators 

Brazil GDP growth Quarterly real GDP growth of Brazil, 

seasonally adjusted. Percentage growth divided 

by three to adjust to monthly basis. 

OECD, main economic 

indicators 

China GDP growth Quarterly real GDP growth of China, 

seasonally adjusted. Percentage growth divided 

by three to adjust to monthly basis. 

OECD, main economic 

indicators 

India GDP growth Quarterly real GDP growth of India, seasonally 

adjusted. Percentage growth divided by three 

to adjust to monthly basis. 

OECD, main economic 

indicators 

Russian Federation 

GDP growth 

Quarterly real GDP growth of the Russian 

Federation, seasonally adjusted. Percentage 

growth divided by three to adjust to monthly 

basis. 

OECD, main economic 

indicators 

USD Exchange rate  Weighted index of US Dollar exchange rate. 

The index is weighted against 61 other 

currencies. 

Bank of International 

Settlements 

Long term interest 

rate  

Average of monthly long-term interest rate of 

EU and USA, to approximate the prevailing, 

risk free interest rate. 

OECD, main economic 

indicators 

OECD inflation Monthly inflation of OECD OECD, main economic 
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Variable Definition Source 

indicators 

Brazil inflation Monthly inflation of Brazil OECD, main economic 

indicators 

China inflation Monthly inflation of China OECD, main economic 

indicators 

India inflation  Monthly inflation of India OECD, main economic 

indicators 

Russian Federation 

inflation 

Monthly inflation of Russian Federation OECD, main economic 

indicators 

Spot price of crude 

oil 

Daily closing price of oil in USD pr. barrel S&P Capital IQ 

Population growth Annual world population growth. US Census Bureau 

Precipitation Annual global precipitation in mean average 

millimeters 

World Meteorological 

Organization (WMO) 

 

Our general assessment of the data sources is that they represent some of the most reliable data 

available. All of the mentioned sources are highly estimated, and frequently used in academic 

research. Our measures of spot prices, volume and open interest is therefore most likely very 

accurate and not biased in any directions. The challenge of data reliability lies mainly in our 

macroeconomic series such as consumption, stocks, and economic growth. It is difficult to assess 

how much is included in these numbers, and how much, for whatever reasons, are omitted, for 

example because of lack of availability or transparency in developing countries and rogue states. 

For most of our analysis the problem is likely to be very limited. The amounts of omitted data in 

economic growth or inflation is probably not very significant, as the most important economies 

keep well track of these factors, and the missing data is most likely quite random and not biased in 

any direction. The variables for stock and consumption however can pose some difficulties though. 

They are expected to be important factors for determining spot prices, but the data on world level is 

probably not complete. There is a significant risk that considerable amounts of data are missing. But 

the source is quite reliable, and it represents the best we can obtain. If the missing data is not biased 

in any direction that will affect our analysis (that it is close to random, and the missing data is not 
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associated with any of our primary explanatory or response variables), the problem is not 

necessarily that big however. So we assume that the variables are at least unbiased proxies of our 

variables of interest.  

 

6.2 Response variables 

Our response variables are spot- and futures prices of the 4 chosen commodities. We measure both 

volatility of prices and changes in prices. The prices are reported on a daily basis, but we analyse 

them on a monthly basis. The variables are thus calculated to a monthly basis. 

Volatility can be measured in a number of ways. OECD (2010) evaluates three, where two of the 

measures are in levels (that is, standard deviations in level of prices) and the last is in differences 

(standard deviation in price changes).
39

 

The advantage of the last method is that it removes the effects of trends in the time-series, the 

problem with the method is that the volatility becomes dependent upon the choice of “de-trending”-

method (e.g. a log of differences method or simply first differences). The advantages and 

shortcomings of the level-methods are the opposite. The choice of measurement method is not 

critical for the outcome, but as can be seen from Tangermann (2011) it does have an effect40. 

1. Differences: The monthly change in spot prices is measured as the percentage change of the 

daily closing price on the last trading day of the previous month, to the daily closing price 

on the last trading day in the current month, or ∆�� �  �� � �������� , where P is the closing spot 

price at the last trading day of month t. 

2. Levels: Monthly volatility is defined as the standard deviation of the prices in the month, 

from the first to the last trading day in the month, divided by the mean price level of the 

month to take the effect of the price level into account. The formula is ��,� � �∑ ��������� � �
! , 

where P is the closing spot price on the day, i, n is the number of trading days in month t and 

µ is the mean of the prices in the month.  

We have chosen method number 2. The mean-variance table below (6.2.1) describes our response 

variables. 

                                                                                       
39 OECD (2010) p. 12 
40 Tangermann (2011) p. 10 



36 

 

 

 

Table 6.2.1 Summary statistics, response variables 

Variable Average Median Std. Dev. Min Max n 

Spot prices (USD, 1970-2011) 

Corn (pr. bushel) 2,749 2,538 1,056 1,183 7,880 10.579 

Wheat (pr. bushel) 3,733 3,485 1,436 1,345 12,825 10.578 

Rough Rice (pr. cwt) 8,804 8,190 3,416 3,560 24,820 6.390 

Soybean (pr. bushel) 6,594 6,090 2,209 2,463 16,490 10.577 

Monthly spot price changes (USD, 1970-2011) 

Corn (pr. bushel) 0,010 0,007 0,273 -1,750 1,305 504 

Wheat (pr. bushel) 0,006 0,004 0,083 -0,259 0,377 504 

Rough Rice (pr. cwt) 0,008 0,008 0,092 -0,264 0,480 304 

Soybean (pr. bushel) 0,007 0,004 0,085 -0,304 0,577 504 

Monthly spot price volatility (USD, 1970-2011)
41

 

Corn (pr. bushel) 0,027 0,023 0,019 0,003 0,172 504 

Wheat (pr. bushel) 0,030 0,026 0,019 0,007 0,223 504 

Rough Rice (pr. cwt) 0,033 0,026 0,036 0,005 0,498 305 

Soybean (pr. bushel) 0,027 0,021 0,023 0,004 0,307 504 

1 month futures price changes (USD, 1970-2011) 

Corn (pr. bushel) -0,004 -0,008 0,072 -0,220 0,481 212 

Wheat (pr. bushel) -0,001 -0,010 0,074 -0,242 0,326 210 

Rough Rice (pr. cwt) -0,010 -0,016 0,089 -0,257 0,426 140 

Soybean (pr. bushel) 0,003 0,001 0,085 -0,254 0,516 284 

3 months futures price changes (USD, 1970-2011) 

Corn (pr. bushel) -0,004 -0,005 0,072 -0,222 0,468 202 

Wheat (pr. bushel) -0,002 -0,004 0,069 -0,241 0,189 200 

Rough Rice (pr. cwt) -0,005 -0,015 0,081 -0,177 0,409 129 

Soybean (pr. bushel) 0,007 0,004 0,077 -0,186 0,489 274 

 

6.3 Explanatory variables 

The primary explanatory variables of this analysis are measures of the growth in trade in 

derivatives. These are operationalised with the two measures “Open Interest” and “Volume”. They 

are explained below. 

 

• Open Interest: Open interest should not be confused with ‘volume’ (see below). The 

definition of open interest is the total number of options and/or futures contracts that are not 

closed or delivered yet (hence still being “open”). To distinguish this concept from 

                                                                                       
41 These measures are based on the level-formula for calculating volatility, described above. 
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‘volume’, consider an investor, A, who buys 1 option 1/1-2012. This creates an open interest 

of 1 and a trading volume of 1.   

1. If the investor A on the 15/1-2012 takes an off-setting position netting out his option 

then trading volume goes up by 1 but open interest is reduced by 1. 

2. If instead the investor A on the 15/1-2012 sells his option to another investor (B) who 

then takes Investor A’s side of the bet then open interest is unchanged but trading 

volume increases by 1. 

• Volume: The number of contracts traded during the observed period of time. It is simply 

the amount of shares that trade hands from sellers to buyers as a measure of activity. If a 

buyer of a stock purchases 100 futures from a seller, then the volume for that period 

increases by 100 futures based on that transaction.  

 

Volume and open interest are reported on a daily basis, and hence needs to be recalculated to 

monthly basis.  The volume is a flow variable, and is hence calculated on a monthly basis as the 

sum of volume of all trading days. Open interest expresses a level, and hence it is calculated as an 

average of the open interest on all the trading days in the month when used as a level variable, and 

as the difference between the open interest at the closing of the last trading day in the previous 

month and the open interest at closing of the last trading day in the current month, when using first 

differences. 

 

Figure 6.3.1 and 6.3.2 shows development in open interest and volume since December 2000. As 

can be seen, both measures demonstrate a considerable growth in the trade in all derivatives, except 

rice. 
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Figure 6.3.1. Open Interest (no. of contracts) 

 

Figure 6.3.2. Volume (no. of contracts) 

 

 

Cf. table 6.3.1 (below) it is quite clear that the futures trading in wheat, corn and soybeans by far 

exceeds the future trading in rice. Both measures of open interest and trading volume points rice out 

as a far less traded commodity compared to the other commodities. 
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Table 6.3.1 – Summary statistics on explanatory variables 

Variable Average 

(monthly) 

Median Std. 

Deviation 

Min Max n 

Open interest  

2000-2011 

Corn (contracts) 396.418 413.624 161.589 12.275 796.056 133 

Wheat (contracts) 144.811 153.802 63.436 4.476 265.854 133 

Rice (contracts) 6.273 5.306 3.312 210 15.499 133 

Soybean 

(contracts) 

159.771 149.806 69.895 4.395 324.829 133 

Volume 

2000-2011 

Corn (contracts) 1.799.446 1.793.987 932.214 31.792 4.245.339 133 

Wheat (contracts) 663.990 648.188 294.576 15.806 1.608.548 133 

Rice (contracts) 13.538 12.512 7.237 625 45.167 133 

Soybean 

(contracts) 

1.203.122 1.123.408 485.882 13.030 2.539.550 133 

World ending stock 

1970-2011 

Corn (tmt42) 73.276 130.531 44.896 36.148 204.862 504 

Wheat (tmt) 150.561 155.591 39.983 74.928 213.099 504 

Rice (tmt) 86.593 92.877 36.029 24.151 146.706 504 

Soybean (tmt) 3.963 4.512 2.100 324 8.070 504 

World consumption 

1970-2011 

Corn (tmt) 516.843 484.946 159.765 269.238 865.499 504 

Wheat (tmt) 512.420 543.992 98.525 328.874 676.140 504 

Rice (tmt) 334.788 347.308 75.158 209.876 459.952 504 

Soybean (tmt) 86.520 70.771 42.955 28.895 176.249 504 

 

The market for rice is in many ways comparable to the market for wheat, corn and soybean in terms 

of consumption, production and importance as a global food staple. What primarily separates rice 

from the food staples is the lack of homogeneity. Rice is segmented into a large number of varieties 

and qualities, which are not easily interchangeable because of strong consumer preferences. In 

terms of liquidity the data suggests that the market for corn and soybeans exceeds the other markets 

as the trading volume on e.g. corn is almost 3 times the trading volume for wheat. 

 

To account for supply and demand factors, we employ measures of consumption and stock levels 

for each commodity, or a close proxy to it. We employ data from the United States Development 

Agency on total annual consumption for each of the commodities, which is measured by total 

                                                                                       
42 Thousand metric ton 
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domestic consumption of all countries. Similarly we use data on annual total world ending stock on 

each of the commodities. The two variables are combined to calculate the annual stock-to-use ratio, 

a common measure of the impact of stock levels on prices, by dividing total consumption with 

ending stock. As stock and stock-to use-ratios are level-variables neither of those nor the 

consumption will be transformed to monthly basis like other of our annual variables, as it would not 

make sense to divide them by 12 or estimate monthly levels or flows in other ways.  

 

Figure 6.3.3 Development in total domestic consumption, world, and total world ending stock, 

1970-2011 

Corn  Wheat 

  

Rice Soybean 

  

Colour legend 
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The four figures in figure 6.3.4 (above) illustrate the development in total domestic consumption 

(world) and total ending stock (world) for our four commodities. The green line is the stock-to-use-

ratio and is calculated by dividing ending stocks (red line) with consumption (blue line).  

As can be seen, consumption has risen steadily since the 1970es, but stock levels have also grown 

in almost equal proportions for wheat, rice and corn. For all four commodities the stock to use ratio 

oscillates considerably, though, and there is a tendency for it to be higher in the beginning of the 

1990es than it was in the 2000es. With regard to our analysis, the theories about stock levels and 

spot price developments, one prediction could be increasingly volatile spot prices as stock levels 

decline43.  

Apart from the two primary explanatory variables, a number of alternative explanations are 

employed, which are not specific to the individual commodities, in order to control for other factors 

influencing the prices of the commodities. These are directly derived from our theoretical chapter. 

 

• GDP growth: the monthly GDP growth is approximated by the quarterly GDP growth in 

OECD countries (expenditure approach), supplemented with G20 to account for the growth 

in major nations such as Brazil, Russia, India and China (BRIC) that also exert great 

influence over the movements in commodity prices
44

. The monthly growth is simply 

calculated by dividing the quarterly growth by 3.  

• Interest rate: the interest rate is calculated by using OECD’s quarterly long term interest 

rates for Europe and the US. There is not one single interest rate, but the correlation between 

the US and EU long term interest rates have an R
2
 of about 0,85, which suggests a very high 

degree of correlation. The monthly long-term interest rate is approximated by taking the 

average of the US and EU quarterly rates and then dividing by three.  

• Rate of inflation: the rate of inflation is based on the monthly rate of inflation for all OECD 

countries. Apart from this, the inflation rates of Brazil, India and China are included 

separately; to make sure that the inflation of the world’s largest economies are included.  

• Precipitation – precipitation is simply a proxy for weather. It is measured by daily mean 

average millimeters. 

• US Dollar exchange rate: the US dollar effective exchange rate is measured by the Bank of 

International Settlement as a weighted average of the dollar exchange rate against 61 other 

                                                                                       
43 Sanders, Irwin, Scott & Merrin (2008) p. 9 
44 Tangermann (2011) p. 18 
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currencies. The quite volatile USD exchange rate could possibly affect all of the observed 

commodities as they are all (generally
45

) - dollar-denominated both on the spot- and the 

futures market. This means that when the dollar fluctuates – all other things equal- it will 

make the prices appear more volatile. Thus we could expect this variable to have an effect in 

explaining the price development. 

• Energy prices: energy prices are approximated by the price of crude oil, which is one of the 

most important production inputs, and often used as a proxy for input prices
46

. Other 

measures, specific to the agricultural sector, could be the price of fertilizer. In this study we 

only use the price of oil, as it is readily available from the same source as our other 

commodity prices, and we believe it to be the most important general determinant of input 

costs. The oil price is measured by the daily closing price. 

• Population growth: world population growth is measured on an annual basis by the US 

Census Bureau. The monthly world population growth is approximated by dividing the 

annual growth by 12. 

Table 6.3.2 Descriptive statistics on other control variables 

Variable Average Median Std. 

Deviation 

Min Max n 

Macroeconomic variables (2000-2011) 

OECD GDP growth (%) 0,14 0,20 0,23 -0,81 0,42 144,00 

G20 GDP growth (%) 0,14 0,20 0,23 -0,81 0,42 144,00 

USD Exchange rate (index) 112,37 109,57 17,20 10,23 143,90 144,00 

Long term interest rate (%) 1,42 1,40 0,22 1,04 2,02 144,00 

OECD inflation (%) 2,67 2,63 1,00 -0,59 4,88 144,00 

Brazil inflation (%) 6,72 6,33 2,95 2,96 17,24 144,00 

China inflation (%) 2,27 1,65 2,50 -1,80 8,70 144,00 

India inflation (%) 6,35 5,21 3,13 2,23 16,22 144,00 

Russian Inflation (%) 12,96 12,32 4,72 5,49 28,90 144,00 

Energy (USD, 2000-2011) 

Oil prices (pr. barrel) 3,370 2,613 1,527 1,748 3,370 3017,0 

Demography (2000-2011) 

Population growth (%) 0,10 0,10 0,00 0,09 0,11 144,00 

 

C.f. table 6.3.2 (above) we see, as we would expect, that the correlation between OECD- and G20 

GDP growth is quite high. The correlation between the OECD and G20 GDP growth is 0, 97
47

 (see 

table 6.3.3).  

                                                                                       
45 Soy-beans futures contracts can also be commonly traded in GPB 
46 OECD (2010) p.  
47 Based on the quarterly GDP growth from 1970-2011 (Data provided by OECD Main Economic Indicators) 
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In the regression analysis we will therefore be using OECD GDP growth as a proxy for overall 

income growth. As this is measure is somewhat biased by the industrialized economies we will add 

GDP growth data on Brazil and India as control variables to represent emerging economies
48

. 

 

Table 6.3.3 Correlation matrix, GDP growth 

  OECD G20 China India Brazil Russian 

Federation 

OECD 1,000           

G20 0,966 1,000         

China 0,758 0,634 1,000       

India 0,230 0,400 -0,775 1,000     

Brazil 0,622 0,692 -0,373 0,266 1,000   

Russian 

Federation 

0,798 0,831 -0,356 0,285 0,565 1,000 

 

We also include measures of inflation. The rates of inflation for OECD - China and Brazil-India 

(pairwise) do to some extent seem correlated (i.e. table 6.3.4) as well, ranging from -0,55 - 0,56 (see 

correlation matrix above). We include measures of inflation from OECD, Brazil and India again. 

We would have included measure of inflation from China, but the data on this variable turned out to 

be too scarce, with insufficient observations for our purposes. 

Table 6.3.4 Correlation matrix, inflation 

  OECD China India Brazil Russia 

OECD 1,000         

China 0,219 1,000       

India -0,425 0,194 1,000     

Brazil 0,142 -0,267 -0,405 1,000   

Russian 

federation 

0,555 -0,429 -0,552 0,318 1,000 

 

The growth in population is very steady (it has a standard deviation of 0) -over the observed period 

of time. This conflicts with the Gauss-Markov assumption (see below)- concerning perfect 

collinearity in the regressors, hence making population growth irrelevant to our analysis in the 

observed period of time (2000-2011). 

 

                                                                                       
48 As recent GDP growth in India is highly correlated with the GDP growth in China (�"=0,6) we will use India as a representative as the data quality in the GDP growth 
from India is of much higher quality (Data provided by OECD Main Economic Indicators) 
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The oil price has risen and fallen sharply in recent years. Seeing as oil is a key input to commodity 

production, the volatile oil prices could potentially also drive up the oil price volatility over the 

observed period of time.  

Figure 6.3.4 Development in spot price of crude oil, 1983-2011 

 

 

6.4 Analytical approach 

This paper analyses time series data to infer and estimate the relationships between the development 

in spot- and futures price and volatility of spot prices. It relies primarily on ordinary least square 

(OLS) regression analysis. An obvious characteristic of this kind of analysis is the allowance for 

past values to affect the future but not the other way around. We will be modeling a 

contemporaneous relationship between Y (regressand) and the different chosen X-values 

(regressors) hereby assuming;  

#6.1'     ∆(� � )�∆*� � +�  

We will be doing a multiple regression based on the ordinary least square (OLS) method. In 

analysing the connection between the spot- and futures market we will use these time series 

individually as regressors and regressand(s). 
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The regression analysis will be focusing on inferring an estimate for β’s with specific emphasis on 

the estimation of )�,  )" and )F (see above) 

When conducting the analysis we will also be lagging some of the variables as we would expect the 

affect of a change in some of the regressors to have a ‘delayed’ effect on the regressand.  

6.4.1 Time trend(s) 

Several of the parameters in the model are expected to show some kind of time trend (either upward 

or downward sloping).  Trends pose a danger to the analysis by potentially leading to conclude that 

regressors and regressand are correlated simply because there is a (spurious) correlation in the 

trends of the data series.
49

 If trends are not taken into account it could inflate the explanatory power 

of the model (�" ) as this is calculated by measuring how large the error variance is relative to the 

variance of the regressand50. 

We will mainly deal with trends in the parameters by looking at their relative change rather than 

absolute in order to ‘deflate’ the trend. E.g. we will expect to see that the development in GDP to 

have an upward-sloping trend but we will ‘deflate’ this by instead looking at the percentage change 

which we will assume to be more or less random within bounds over time. 

When analyzing price data (both spot and future)- we will not always use the price development in 

relative terms51 and therefore we will potentially have to adjust the variable for a potential ‘trend-

threat’ by adding a trending variable to the model which should then solve the potential spurious 

regression problem by ‘extracting’ the trend from the regressor. We will also add inflation measures 

to the regression to capture the nominal ‘stress’ on the price development. 

We will look at several possibilities of ‘de-trending’ (e.g. linear, exponential, squared)- when 

looking at the data series and the normal fractile residual plots of the models.   

                                                                                       
49 Wooldrige (2006) p. 363 
50 Mathematically this can be written as; �" � 1 W #�X��Y�' 

51 The price volatility will be analyzed separately 
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6.4.2 Assumptions 

In order to conduct a meaningful analysis we will here discuss and validate the Gauss-Markov 

assumptions and also add an assumption about normality in the residuals hereby assuming that the 

residuals follow a normal-distribution with a mean of zero and a standard deviation of 1 (residuals 

˜N(0,S") ). 

Gauss-Markov assumptions
52

; 

1. There has to be a linear relationship between the parameters 

This assumption covers the basic approach when conducting a regression analysis; assuming 

that there is a linear relationship between the regressand and the set of regressors. 

Mathematically this can be written as; 

Z#[��, [�", … , [�\ , ]�': C � 1,2 … , A_ `6776aE Cb: 7PA:cD 96d:7: (� �  )e � )�[� � T �
)\[�\ � +�  

 

2. None of the regressors can have perfect collinearity.  

This implies that none of the chosen explaining variables can be constant over time or a 

perfect linear combination of any of the other regressors. 

Correlation between variables is ‘allowed’ but it must not be perfect
53

- as this would mean 

that the variable did not bring any new information to the regression. 

 

3. Zero conditional mean 

This implies that for each observed point in time (t)- the expected size of the residual has to 

be 0. When adding this assumption it also implies that the residuals are not correlated to any 

of the regressors at any point in time. This can be mathematically written as; 

6DD�*�f;+�f� � 0 for all j’s – meaning that *J and +� must be uncorrelated even if s≠t.  

 

4. Homoskedasticity 

The variance of the residuals should be the same for all observed points in time (t) meaning 

that 5cD#+�|[' � 5cD#+�' �  S" 

It is sufficient that the variance is constant over time and independent of the regressors. 

Mathematically this can be written as; 5cD#+�|['. 

                                                                                       
52 Wooldridge (2006) p. 374 
53 Correlation between the regressors must not be equal to 1. 
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5. No serial-/autocorrelation 

This implies that conditional on x, the errors in two different time periods are uncorrelated. 

In other words it is a cross-correlation of the parameter with itself. 

Mathematically this can be written as; 6DD#+� , +J' � 0 `6D c77 C j E 

Several of the parameters we will be using in our analysis are expected to suffer from 

autocorrelation (e.g. interest rate, rate of inflation etc.)- this will be taken into account when 

we conduct the actual regression analysis in the SAS JMP  software. 

6.4.3 Causality 

In the chapter on theory we discussed the possible transmission mechanism between trade with 

commodity derivatives, speculative or not, and the changes in the real, spot prices in the underlying 

asset. This leads to the issue of testing causality between the variables. Regression analysis only 

infers correlations between variables, not the causal relationship. One way to test for causality is to 

employ instrumental variables regression with a two-stage least squares estimator.
54

 The problem is 

that we would need a good instrument to perform this test, and this proved impossible to obtain.  

Another method is the so-called Granger causality test
55

. Granger-causality exploits the fact that a 

variable in the past can possibly affect another variable in the future, but the relationship cannot be 

the other way around. The rationale of the Granger test is that past values of one explanatory 

variable X must be able to predict future values of a response variable Y better than past values of 

Y; that is, Yt-1 itself cannot predict Y with an explanatory power greater than variable X.  

In this sense the Yt-1 is a control-variable. The test requires that the lagged values of explanatory 

variable X contributes significantly to explaining Y, when controlled for Yt-1. The general 

formulation is that X Granger causes Y if E(y| It-1) ≠ E(y| Jt-1), where It-1 contains past information 

on X and Y and Jt-1 only contains past information on Y.
56

  

Much of the current literature on the association between trade in commodity derivatives and prices 

of the underlying assets is centered on these Granger tests. But a clear, plausible explanation for the 

actual transmission mechanism is usually omitted.  

                                                                                       
54 Wooldridge (2006) p. 532 
55 Tangermann, (2011) p. 20 
56 Wooldridge, 2006: page 659-660 
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Granger tests themselves are not a watertight test of causality – correlations between lagged 

variables could still only be products of spurious relationships (Christmas cards do not cause 

Christmas, for example, but they would most likely pass the Granger test). Therefore a thorough 

discussion of the transmission mechanism between derivatives trade and spot prices is essential. 
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7. Analysis  

We have tested all of the proposed hypotheses
57

 with the proposed data or data-proxies. Our main 

areas of interest, which drives the two main parts of the analysis, is concerned with the futures 

markets role in explaining the spot price development and -volatility. 

To answer our main problem about the determinants for spot price and spot price volatility we have 

used the entire dataset to come up with the most optimal models. Our approach for arriving at the 

optimal models for explaining, rejecting or accepting the proposed hypotheses, has been ‘backward 

elimination’. We have started by including all regressors in the regression for explaining the 

different chosen regressands and then one by one taken out the most insignificant regressors until 

arriving at the optimal model. In the process of doing this we have come across  some ‘puzzles’ 

which have led us to do some ‘trial and error’ with different combinations of the (remaining)- 

regressors.   

We reject hypotheses on a test level for significance of 5% based on a general rule of thumb when 

doing this type of analysis.  

Rice is included in all of the analysis to put some additional emphasis on the results of the other 

analyzes. The market for derivatives in the market for rice is so small that we will further consider 

and discuss any correlations found with the derivatives market for the other commodities, if this 

correlation can also be found in the regression for rice. We would expect that prices of rice, on both 

the spot- and the futures market, to be correlated but we would not expect any of the trade measures 

(volume or open interest) to be significant on the market for rice. If the trade measures are found to 

be significant in the market for rice, this might suggest that the correlations found are spurious, 

irrelevant or a proxy of some other parameter influencing the market. 

For each of the regressions we have checked that the Gauss-Markov assumptions hold for our key 

variables of interest: spot price, futures price, volume and open interest. In chapter 6 we explained 

how we checked the degree of correlation among volume and open interest, which related to Gauss-

Markov assumption 2. Furthermore we have reviewed; 

• Residual plots for the regressions, in order to observe to which degree the assumption 

regarding homoskedasticity was valid. The result was, that we could observe 

                                                                                       
57 See paragraph 4.5 
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heteroskedasticity to some degree in several of the regressions, both with spot price 

volatility and development in spot price, but nothing so egregious that it would be fatal for 

the estimation. Heteroskedasticity is primarily a problem for inference (the estimates do not 

become unbiased), as it may inflate the variation in the model. The degree of 

heteroskedasticity usually has to be quite high before it has any noteworthy effects on the 

results.  

• Plots of the residual distribution to check if Gauss-Markov assumption 3 holds (zero 

conditional mean). We did not observe any strong violations of this assumption. 

• Autocorrelation plots and partial autocorrelation plots in order to determine whether there 

was significant autocorrelation and how many orders of autocorrelation would need to be 

corrected in order to ensure that the significance and estimates are as ‘pure’ and non-inflated 

as possible. Apart from this we have also observed Durbin-Watson test statistics. We have 

corrected for autocorrelation by including autoregressive terms whenever needed. 

7.1 Is there a stabilizing or a de-stabilizing effect on prices from the derivatives- to the spot 

market? 

Our main concern in regards to spot price volatility and the futures market is whether there can be 

found any evidence of a relationship and if so how does this relationship work. Does the increased 

trade in commodity futures drive prices and volatility up by disturbing the equilibrium set by 

fundamentals, as proposed by the ‘sceptic camp’ ? Or does the more readily available liquidity and 

the possibility of hedging exposure lead to a decrease in volatility as proposed by the ‘optimist 

camp’? 

In order to establish whether a relationship between trade and volatility can be found and to what 

extent any such link is stabilizing or de-stabilizing we will, in this model,  be regressing the spot 

price volatility on the trade measures, volume and open interest while controlling for the 

autocorrelation found in Y58. 

  

                                                                                       
58 All of the commodities’ volatility seems to suffer from auto correlation except for wheat.  
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Table 7.1.1 REG 1 

Y X1 X2 ARx 

Spot price volatility Volume Open interest   

Objective: Does increase in trade (volume) or size of market (open interest)- cause 

prices to become more volatile? 

 

The full model results can be found in Appendix-REG1 but the relevant results are summarized in 

the table below. 

Table 7.1.2 REG 1 summary of results 

Commodity Results (p-values) R
2
 

Corn 

Volume is significant (P=0,001)/ Open Interest is 

significant (P=0,04) 0,12 

Wheat 

Volume is significant (P<0,0001)/ Open Interest is 

significant (P=0,0003) 0,28 

Soybean 

Volume is not significant (P=0,09)/ Open interest is not 

significant (P=0,28) 0,05 

Rice 

Volume is significant (P=0,0001)/ Open interest is 

significant (P=0,01) 0,15 

The two regressors, open interest and volume seem to be able to explain between 5%-28%59 of the 

volatility in the observed commodity spot markets.  

In all of the commodities, except for soybeans, both volume and open interest are very significant. 

Volume is significant in determining soybean price volatility on a 10% test level. 

For all of the models the estimated β-values are extremely small (likely due to the magnitude of the 

numbers in the explanatory variables, relative to the responsevariables, which will be elaborated 

upon in section 7.1.2) and except for wheat
60

 the 3 other commodities have positive β-estimates for 

volume and negative β-estimates for open interest suggesting that an increase in volume will drive 

spot market volatility up whereas an increase in open interest will drive the volatility down.  

There can be a number of explanations for this. Volume is a measure of transaction flows, while 

open interest is a measure of the total amount of ‘open’ contracts at any given time. The two 

                                                                                       
59 �": soybeans = 5%, corn= 12%, rice= 15% and wheat=28% 
60 For wheat both of the β-estimates are positive 
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measures are naturally highly correlated, as volume typically rises with the number of open 

contracts. 

The findings here indicate that rise in both volume and open interest alone entail an increase in 

volatility. But, when you regress them together, hence controlling for the effects of both, open 

interest changes and becomes negatively correlated with volatility, meaning that at any given level 

of transaction volume, a larger amount of open contracts will reduce the volatility effects of 

volume. This could mean that transaction activity alone causes increased volatility, but these effects 

are reduced when the total market increases, perhaps because the level of liquidity in the market 

increases which then reduces volatility.  

Another explanation could be that when both volume and open interest increases, it follows that the 

activity is a product of investors entering new contracts, which is primarily used for hedging and 

locking in prices, hence reducing volatility. Alternatively, when volume rises and open interest does 

not (or is falling), it means that investors are closing their positions and hence not hedging. The lack 

of hedging effect causes prices to become more volatile. 

To examine this relationship closer, we employed interaction terms in an attempt to check if there is 

interaction between volume and open interest, meaning that the effect of one variable on our 

response variable is dependent upon the value of the other. These tests yielded no significant 

results, suggesting that it is unlikely that there is interaction between the two variables.  

In order to further examine the causality in this relationship, we employed Granger-tests of 

causality between the variables open interest, volume and spot price volatility on each of the 

relevant commodities (Soybeans were excluded as there was no significant evidence of associations 

between the variables to begin with). These tests are the subject of the next section. 

7.1.1 Does volume and open interest Granger-cause spot price volatility? 

We ran tests of Granger causality in both directions, first testing if volume and open interest 

Granger-caused spot price volatility, and next if spot price volatility Granger-caused any of the two 

variables. We will test for causality in both directions to examine whether trade in futures increases 

volatility as predicted by the ‘sceptic camp’ or whether spot price volatility increases trade with 

futures as a consequence of a higher inclination to hedge. 
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The results are reported in the table below. As open interest and volume were not found to be 

significant in the preliminary tests for soybeans we will not try to determine the direction of 

causality for these. 

As can be seen, there was evidence that volume and open interest Granger-caused spot price 

volatility in the wheat commodities. Of the two, only volume was significant, indicating that this 

was the cause. On the other hand there was also slight evidence that spot price volatility Granger-

caused volume in the wheat market. This could suggest some kind of cyclical relationship. 

Similarly, in the market for rice we found evidence that spot price volatility Granger-caused 

volume. There was no sign of any causality in the market for corn.  

Table 7.1.3 Granger tests of spot price volatility, volume and open interest 

Commodity 
Do open interest and 

volume cause spot price 

volatility? 

Does spot price volatility 

cause open interest? 

Does spot price 
volatility cause 

volume? 

  F-test Value F-test Value F-test Value 

Corn 2,45 0,08 0,79 

Wheat  9,88**
61

 0,25 4,09*
62

 

Rice 2,05 0,23 6,89**
63

 

 

It is difficult to assess what can meaningfully be inferred from these results. We first and foremost 

need some kind of explanation why corn differs from wheat and rice. There are no obvious, good 

explanations why this should be so, as the commodities are quite alike when it comes to the key 

variables determining their price formation (e.g. storability, production risk etc.). This could suggest 

that the Granger-tests simply report spurious associations.  

Another explanation could be that there is a causal relation-ship between volume and spot price 

volatility in wheat and rice, although the association may be cyclical (cutting both ways). Volume 

could cause more spot price volatility if it conveys distorting information to the market participants. 

It is also plausible that higher spot price volatility could cause higher volume as market participants 

seek to hedge the higher risk associated with higher volatility or that it might attract investors 

looking for high-yield investment opportunities. Furthermore, it is realistic that the causality would 

run both ways in the wheat market where the futures market is quite large and highly developed, 

                                                                                       
61 Significant on a 0,01 test-level 
62 Significant on a 0,05 test-level 
63 Significant on a 0,01 test-level 
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whereas the relatively small size of the rice futures market would make it difficult for the relatively 

small futures trade to affect spot price volatility, but increased spot price volatility could still 

plausibly entail higher volumes as market participants sought to hedge their risk.  

We conclude that there is some causal relationship between the analyzed variables but this 

relationship cannot be finally determined. 

7.1.2 How can we best explain development in spot price volatility? 

In order to challenge the found relationships in section 7.1 we will, in this model, be adding the full 

range of macroeconomic variables set out and explained in paragraph 5.4. 

These variables we would expect to have an effect on the spot price volatility based on general 

economic theory and perception of market mechanisms. 

Table 7.1.4 REG 2 

Y X1 X2 Xn 

Volatility on Spot-price Relevant parameter Relevant parameter Relevant parameter 

Objective: To see the relevant parameters together in different combinations and to find the most 

likely causal explanation of spot price volatility. 

The outcome of the regression is shown in tables below for each commodity. These are the most 

optimal models found based on the full range of our regressors. 
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Table 7.1.5 REG 2 results, Corn 

Corn             

R
2
 0,41   

Order of autocorrelation 0   

Variables X1 X2 X3 X4 X5 X6 

β 2,81E-08 -3,90E-08 0,23 0,01 

-3,6E-03 

 

5,09E-

09 

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level) 5,22*** -1,88 2,38* 1,96 -2,12* 1,52 

P-Value <0,0001 0,06 0,02 0,05 0,04 0,13 

X1 = Volume   

X2 =Open Interest   

X3 = Stock-to-use   

X4 = Indian GDP Growth   

X5 = Indian Inflation   

X6 = Precipitation           

Table 7.1.6 REG 2 results, Wheat 

Wheat         

R2 0,41   

Order of autocorrelation 0   

Variables X1 X2 X3 X4 

β 5,68E-08 -9,60E-08 -0,003 -1,70E-09 

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 6,53*** -3,25*** -2,58** -1,01 

P-Value <0,0001 0,002 0,01 0,31 

    

X1 = Volume   

X2 = Open Interest   

X3 = Indian Inflation   

X4 = Precipitation       
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Table 7.1.7 REG 2 results, Soybean 

Soy beans             

R2 0,27   

Order of autocorrelation 0   

Variables X1 X2 X3 X4 X5 X6 

β 1,59E-08 

-3,10E-

08 0,03 -0,01 -0,01 -1,50E-09 

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 1,11 -0,41 2,6** -1,92 -3,09** -0,36 

P-Value 0,27 0,68 0,01 0,06 0,003 0,72 

    

X1 = Volume   

X2 

= Open 

Interest   

X3 = ∆Price of crude oil   

X4 = OECD Inflation   

X5 = Indian Inflation   

X6 = Precipitation           

 

Table 7.1.8 REG 2 results, Rice 

Rice           

R2 0,3 

Order of autocorrelation 0 

Variables X1 X2 X3 X4 X5 

β 1,77E-06 -4,00E-06 -0,04 -0,01 3,30E-09 

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 3,88*** -4,14*** -1,84 -1,53 0,93 

P-Value <0,0001 <0,0001 0,07 0,13 0,35 

    

X1 = Volume   

X2 

=Open 

interest   

X3 = OECD GDP growth   

X4 = OECD inflation   

X5 = Precipitation         
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The optimal models for determining spot price volatility on all of the commodity markets includes 

4-6 regressors but the full model only has explanatory power in the range of 0,23-0,41. This 

suggests that the models are not very convincing as models for predicting spot price volatility.  

What we want to reject or accept with these analyzes is whether the trade in futures are increasing 

or decreasing spot price volatility when controlled for ‘fundamental’ variables which would be 

anticipated to have an affect on the prices and hence volatility.  

What we see in the regressions is that that both of the ‘prime’ variables (volume and open interest)- 

are significant (at least at a 10%-level)- in all of the markets – except for soybeans where both 

volume and open interest are (very) insignificant, even on a 10% test level. 

It should be noted that the beta-coefficients for our most important variables; volume and open 

interest, are very small. This does not mean that their effect has no practical significance – it is 

simply due to the fact that the magnitude of the figures for volume and open interest variables are 

large relative to the figures of our response variable, the spot price volatility. Many of the beta-

coefficients need about eight decimals to reveal the effect, but if you insert values corresponding to 

the magnitude of the general changes of volume and open interest into the estimated equations the 

effects are tangible. To take an example, the average monthly changes of volume on wheat and corn 

are about 20.000 and 6.000 respectively. The average monthly volatility for wheat and corn are 0,03 

and 0,027 respectively. 

When you insert the average monthly changes into the estimated equation, it corresponds to a 

change of about 0,0004 (wheat) and 0,0005 (corn) in monthly volatility, which is negligible. If you 

insert the highest measured monthly changes, the effect does become much bigger (between 0,02 

and 0,03 for both commodities, which is about commensurate with the average monthly volatility). 

Similar, albeit negative, effects can be observed with open interest. Inserting the average monthly 

changes for corn and wheat correspond to a change of about -0,0001 and -0,0002  in volatility. 

Again, inserting the standard deviations of change yield much higher changes, of about -0,01. We 

can conclude from this that trade with derivatives is associated with change in volatility, and that 

the magnitude of the association is a bit higher for volume than open interest.  

It is important to underscore that we have not defined our variables in terms that enable us to 

measure elasticity (which would have required us to measure the logarithm of both x and y 

variables, also called a log-log-model). The reason for this is primarily that we are mainly interested 
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in identifying effects and the direction of the effect. Another reason is that our response-variable 

(volatility) is not well suited for logarithmic transformation, as it is already a transformed variable 

(see section 6.2), and transforming it with a logarithm would further complicate interpreting the 

results.  

Compared to the results found in REG1, adding the more fundamental macro variables does add 

some explanatory power to the models but not as much as would be expected. There can be a 

number of validity-related reasons for this. The first is that some of the variables are proxies that are 

too far away, causality wise, from what we want to measure. Inflation for instance is world 

inflation, but perhaps what we really need is inflation in a specific region or market. Another reason 

is that some of our variables, though good indicators of what we want to measure, are not 

sufficiently detailed. Data on relevant weather conditions (e.g. droughts, floods, temperature, 

extreme local weather phenomena etc.)- could not be found on a level that was detailed enough for 

it to be relevant in our quantitative analysis. We have experienced significant challenges in 

obtaining data on monthly basis for several of our control-variables. Growth could only be obtained 

on a quarterly basis, for instance, some could only be obtained on an annual basis. Unfortunately 

this is the case for some of our most important variables, the ones measuring stock and demand. We 

would expect stock and demand to vary significantly over the year, but our variables may fail to 

capture this development. 

7.1.3 Summary of the analysis of spot price volatility 

To sum up the analysis of volatility, we have found that: 

• There are statistically significant associations between volume, open interest and spot price 

volatility on all commodities but soybeans. It appears that the association between volume 

and spot price volatility is positive, but the association between open interest and spot price 

volatility is negative, indicating a stabilizing effect of a larger derivatives market. Volume 

appeared to be more strongly associated with spot price volatility than open interest. 

• The Granger tests of causality didn’t yield any definitive results. 

• Our general models did not turn out to have any strong explanatory power on spot price 

volatility. The general picture is that the best fit models, though including volume and open 

interest, can only explain a limited amount of the variation in spot price volatility. The fact 

that it was also possible to infer an association between volume and open interest in the rice 

market, is an indication that the associations could be spurious or due to an omitted variable. 
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At least, it is quite difficult to see how the small derivatives market in the rice commodities 

could affect the spot price volatility significantly, meaning that we are inclined to reject the 

hypothesis that increased trade should cause higher spot price volatility. To return to our 

hypotheses in section 5.5 we do not find evidence of the “sceptic” camp’s hypothesis that 

increased trade with derivatives increases spot price volatility by bringing the spot market 

out of equilibrium more frequently. 

7.2 Does increased trade (measured by volume and open interest) lead to an increase in 

prices on the futures market?  

If we were to boil down all of our proposed arguments, theories and frameworks into the primary 

drivers to be analysed, one of these drivers would surely be whether spot- and future markets can be 

seen as two co-integrated and rational markets glued together by fundamental determinants and 

developments in the price of the (underlying) commodity.  

In this section we will analyse whether the structural differences in the composition of investors on 

those two markets wipes away the glue between the spot- and future markets, allowing them to exist 

in parallel with each other – both based on the same asset (the commodity) - and with the 

inconveniences this may have on market efficiency. 

We start by looking at whether market participant behavior in the future market has any effect in 

explaining the development in the price of the futures.  In this model we are regressing the change 

in the futures price on the measures for trading-behaviour (Volume and Open Interest). If the 

futures market is somewhat driven by (irrational and) unscrupulous investor behavior we would 

expect to see that the volume and open interest would have a significant effect on explaining futures 

prices. 

Table 7.2.1 REG 3 

Y X1 X2 

∆Futures-price ∆Open interest ∆Volume 

Objective: Does increase in trade (volume) or size of market (open interest) - drive up 

prices in the futures market? 

 

The full model results can be found in Appendix–REG3 but the relevant results are summarized in 

the table below. 
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Table 7.2.2 REG 3, summary of results 

Commodity Results (p-value) R
2
 

Corn 

Volume is not significant (P=0,77)/ Open Interest is not 

significant (P=0,10) 0,07 

Wheat 

Volume is not significant (P=0,42)/ Open Interest is not 

significant (P=0,10) 0,07 

Soybean 

Volume is not significant (P=0,2)/ Open Interest is not 

significant (P=0,37) 0,04 

Rice 

Volume is not significant (P=0,14)/ Open Interest is not 

significant (P=0,89) 0,04 

 

We cannot find significant evidence that any of the trade-measures have an impact on the price of 

the future in any of the models. In the regression for rice this relationship (or lack thereof) was 

expected as the futures market for rice is extremely small and the rice analysis mainly serves as a 

control on any (spurious) correlations found in the other analysis. 

In the market for corn and wheat open interest is close to having a significant influence in 

determining the futures price and for soy beans open interest seems somewhat  significant as both 

volume and open interest have P-values= 10%. 

It should be noted though, that even if the test level for acceptance is 10% then both of the models 

have a meager explanatory power of only 7% 

This analysis seems to quite strongly suggest that (increased) trading and market size has a very 

little influence (if any) in determining the futures price over the observed period 2000-2011. This 

supports the hypotheses of the optimist camp regarding perfectly elastic supply fully absorbing 

demand pressure.  

The conclusion to the hypothesis on whether increased trade, due to speculation, is driving up prices 

in the futures market is therefore that there cannot be found any evidence of such a relationship. As 

we cannot find evidence of prices being driven by behavior (measured by trade and market net size) 

- rather than rational expectations, this does to some extent indicate (but not conclude) - that the 
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futures market does not exist in parallel (driven by irrational and long-only investors) – to the spot 

market.  

 In the next paragraphs we will dig much deeper into the determinants of both the future- and the 

spot price to determine if – and how- the markets are affecting each other. 

7.2.1 Is there evidence that there is a transmission mechanism between the future- and the spot 

market? 

In this section we will test if credible evidence of a transmission mechanism between the future- 

and the spot price market can be found. This is a way to further clarify whether the markets are 

glued together or exist in parallel. 

We will look at the explanatory power of the development in trade and price on the futures market  

in determining the spot price as well as whether the (expected) spot price has an effect in 

determining the futures price as suggested by the general framework presented in section 5.1.  

Does the future market trade and price development have a significant effect on the spot price 

development?  

In this model we are regressing the change in the spot price on the development in the futures 

trading volume and open interest along with the development in the futures price. 

Table 7.2.3 REG 4 

Y X1  X2  X3  

∆ Spot price Volume ∆ Open interest 
∆ Futures price 

Objective: Does increase in trade (volume), size of market (open interest) - or 

futures prices push prices up on the spot market? 

 

The full model results can be found in Appendix-REG4 but the relevant results are summarized in 

the table below. 
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Table 7.2.4 REG 4, summary of results 

Commodity Results (p-value) R
2
 

Corn 

Volume is not significant (P=0,52)/ Open Interest is not 

significant (P=0,55), ∆futures prices is significant (P<0,0001) 0,73 

Wheat 

Volume is not significant (P=0,24)/ Open Interest is not 

significant (P=0,43), ∆futures prices is significant (P<0,0001) 0,92 

Soybean 

Volume is not significant (P=0,73)/ Open Interest is not 

significant (P=0,44), ∆futures prices is significant (P<0,0001) 0,9 

Rice 

Volume is not significant (P=0,98)/ Open Interest is not 

significant (P=0,8), ∆futures prices is significant (P<0,0001) 0,79 

 

From the regressions it seems obvious that the change in the futures price is a significant 

determinant for the change in the spot price. For all of the regressions the P-value is well below the 

5% test level and all models have a high explanatory power and β-estimates between 0,92-0,98 

which makes them large enough to be relevant in a practical sense when looking at just the changes 

in the prices. When conducting an F-test of multiple restrictions on all of the four models it is clear 

that volume and open interest are not significant in providing a better model in terms of explanatory 

power ( �"). 

This is also very clear as the models explanatory power is almost unchanged when leaving out the 

two trade measures. The full model results can be found in Appendix-REG5 but the relevant results 

are summarized in the table below. 

Table 7.2.5. REG5, summary of results 

Commodity Results (p-value) R
2
 

Corn ∆futures prices is significant (P<0,0001) 0,73 

Wheat ∆futures prices is significant (P<0,0001) 0,91 

Soybean ∆futures prices is significant (P<0,0001) 0,90 

Rice ∆futures prices is significant (P<0,0001) 0,79 
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This analysis strongly suggests that the amount of trade or the size of the futures market does not 

drive up - or in any way affect - the price determinants of the spot market. However there is a strong 

and clear link between the spot- and the futures prices.  

7.2.2 How can we best explain spot price development? 

Having examined the impact of the futures market- in terms of trade, size and price development, 

we will try to challenge the found relationships and correlations by adding more fundamentally 

based macro variables to the models. These variables we would expect to have an effect on the spot 

price based on general economic theory and perception of market mechanisms. The optimal models 

are based on the full range data set presented in section 5.4. 

Table 7.2.6 REG 6 

Y X1 X2 Xn 

∆Spot-price 
Relevant 

parameter 

Relevant 

parameter 
Relevant parameter 

Objective: To see the relevant parameters together in different combinations and 

to find the most likely causal explanation of spot prices. 

The outcome of the regression analyzes are shown in tables below for each commodity. These are 

the most optimal models found based on the full range of our regressors. 

Table 7.2.7 REG 6, Corn 

Corn     

R2 0,74   

Order of autocorrelation 0   

Variables X1 X2 

β 3,0725 -0,0093 

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 

24,17 

-3,64 

P-Value <0,0001 0,0003 

X1  = Price of 1 month future 

X2 =OECD 

inflation   
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For corn the best model found for determining the spot price is a model including the futures price 

and the OECD inflation. The β-estimate for the futures price is positive indicating that when prices 

of futures go up, so does prices on the spot market. The β-estimate is negative for inflation, which is 

against what we would normally expect. The explanation for this could be that inflation on corn (or 

commodities in general) is only a small subset of the OECD inflation meaning that the change in 

the general price level  could be greater or smaller hence making the observed commodity relatively 

cheaper or more expensive compared to other products.  It should be noted that even though the 

negative β on inflation somehow goes against what we would expect the estimated value is -0, 0093 

which makes the estimated effect on the price very small. 

Table 7.2.8 REG 6, Wheat 

Wheat       

R
2
 0,93    

Order of autocorrelation 0    

Variables X1 X2 X3 

β 1,009 -0,0028 -0,0252 

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 

50,5 -6,87 -3,3 

P-Value <0,0001 <0,0001 0,0011 

      

X1  = Price of 1 month future   

X2 =OECD 

Inflation 

   

X3 =OECD 

Growth 

    

For wheat the best model found for determining the spot price is a model including the futures 

price, the OECD inflation and the OECD growth. The β-estimate for the futures price is positive 

whereas it is negative for inflation and growth. The β-estimates for both growth and inflation are 

quite small hence, again, leaving the futures price as the most determinant variable. 
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Table 7.2.9 REG 6, Soybean 

Soybean   

R
2
 0,9 

Order of autocorrelation 0 

Variables X1 

β 1 

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 

49,49 

P-Value <0,0001 

    

X1  = Price of 1 month future 

For soybean the best model found for determining the spot price is a model including only the 

futures price. Other variables were found to be significant (OECD inflation, the OECD growth and 

the trading volume for futures) - but those 3 variables only added a total of 2%-point explanatory 

power to the model. Again, we find that the futures price is the most determinant variable. 

Table 7.2.10 REG 6, Rice 

Rice   

R
2
 0,88 

Order of autocorrelation 0 

Variables X1 

β 1,0132 

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level) 

31,67 

P-Value <0,0001 

    

X1  = Price of 1 month future 

For rice the best model found for determining the spot price is a model including only the futures 

price.  
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With the same tests conducted for the ∆6month futures price we find that the link between the spot- 

and future markets is more or less unchanged both in terms of explanatory power and significance 

suggesting that the found results are robust even when the futures price moves further away from 

the spot price. 

Even thought the results of these models do to some extent quite clearly suggest a positive 

correlation between the futures price and spot price we also have to consider a number of biases in 

our data set before jumping to a conclusion. 

In the models many of the control variables employed yielded no significant results. We would have 

expected, from theory, that many of the variables (especially the macroeconomic variables, but also 

the supply and demand related variables) to have stronger or more measurable effects on the 

response variable. There can be a number of reasons for this. First and foremost, this is a first-

differences model. First-differences models usually have a lot of variation, and by measuring first 

differences alone, one already controls for the effects of a lot of dynamic factors. Much of the 

effects from our control variables can simply have been lost in the “noise” from all of the variation, 

even though we have attempted to mitigate this problem by using monthly changes rather than 

daily.  

Apart from that many of our variables may be measured too crudely compared to our measure of 

the response variable. It is a significant problem that many of our key variables are not measured on 

a monthly basis, but rather on an annual (e.g. stock and consumption variables). This means that a 

lot of the annual variation in these variables cannot be measured; second it means that it was not 

possible to measure these in first differences on a meaningful basis. Hence, much of their 

explanatory power may have been lost in the definition of the variables. 

What this analysis does then tell us is that the markets are linked and hence that it does make sense 

to go on investigating whether there is an actual transmission mechanism from one market to the 

other e.g. through the formation of expectations and next step will be to determine the causal 

direction of the markets.  

A Granger-test has been conducted in order to qualify the determination on a transmission 

mechanism and in what way this works. 
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7.2.3 Granger Causality tests between spot- and futures prices 

As described in paragraph 6.4.3 the test for Granger causality works by first doing a regression of 

∆Y on lagged values of ∆Y. (Here ∆Y is the first difference of the variable Y — as Y itself is not 

stationary). As the Granger test method tries to determine whether a lagged variable of ∆X has any 

explanatory power in determining ∆Y when controlled for the lagged ∆Y series we will start of by 

determining the optimal lag of ∆Y (in terms of significance and explanatory power)- for explaining 

∆Y. 

Once the set of optimal lagged values for ∆Y is found, the regression is augmented with lagged 

levels of ∆X. Any particular lagged value of ∆X is retained in the regression if (1) it is significant 

according to a t-test and (2) it and the other lagged values of ∆X jointly add explanatory power to 

the model according to an F-test. Then the null hypothesis of no Granger causality is retained if and 

only if no lagged values of ∆X have been retained in the regression. 

The relevant results are summarized in the table below. 

Table 7.2.11 Granger test for spot- and future price causality 

Granger test results 
Does future price Granger-

cause the spot price? 

Does spot price Granger-

cause the future price? 

Commodity F-test Value F-test Value 

Corn 6,48*
64

 0,04 

Wheat 1,34 0,19 

Soybean 0,16 0,18 

Rice 0,71 14,1**65 

 

The Granger test for causality does not support the hypothesis on futures prices causing spot price 

development.  

For corn the futures price does add significantly more explanatory power to the initial model only 

including a lagged spot price as regressor. But that brings the total explanatory power of the model 

up to 8,4% (the explanatory power for the initial model was 1,5%). This makes the relevance quite 

small in terms of being able to predict the (future) spot price based on developments in the futures 

price. 

                                                                                       
64 Significant on a 0,05 test level 
65 Significant on a <0,01 test level 
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The Granger test for causality gives us no evidence that spot prices are causing future price 

development either.  

The spot price does seem to add a significant amount of explanatory power in determining the 

futures price for rice - raising the explanatory power of the initial model from 3% to 15,6%. Again, 

15,6%  is not a very convincing level of explanatory power for a model. The Granger-test does 

quite clearly suggest that it does not seem plausible to accept the spot price as relevant predictor of 

the futures price in any of the markets. 

It is quite important to note here that we have been regressing the futures price with the actual spot 

price. In equation 1.2. it is the expectation of the (future) spot price which should be relevant in 

determining (“Granger causing”)- the futures price.  

To see if we can find any evidence on the expected (future) spot price to be a relevant determinant 

in the determining the futures price, c.f. equation 1.2, and the general framework proposed by the 

‘optimist camp’, we will use a ‘leading’ version of the spot price as a proxy for the expected spot 

price. This relies on the assumption that when the market is pricing the futures contract they include 

relevant and fundamentally based assumptions about the future spot price which then makes the 

actual future spot price a relevant proxy for the expected future spot price. 

We have analysed the relationship between the 1 month futures price and the spot price where the 

spot price will be ‘leading’ by 1 month.  

Table 7.2.12 REG 7, monthly data 

Y  X1  

Futures price1 month Spot priceLeading 1 month 

Objective: If one accepts that the futures pricing incorporates fundamentally based 

predictions of the future spot price we would expect to find a significant 

relationship between the 1 month futures pricet and the spot pricet+1month  

The full model results can be found in Appendix-REG7 but the relevant results are summarized in 

the table below.  
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Table 7.2.13 REG 7, summary of results 

 

 

The spot price has significant explanatory power on the future price, indicating that the futures price 

is a very good predictor of the actual future spot price. This supports our hypothesis that the markets 

are efficient, since the futures price most likely is derived from the analysis of the true information 

on fundamentals about the underlying commodity. 

The same regression has been conducted for the 6 month futures price and the spot price leading 

with 6 months. The results can be found in Apendix-REG8, but the concluding results are the same; 

the 6 month leading spot price is very significant in determining the 6 month futures price of the 

commodity. As expected this model generally has a lower explanatory power though (ranging 

between 55-65%)- as a forecast 6 months into the future –all other things equal- is more unstable 

than a forecast 1 month into the future. This indicates that the found results are quite robust even 

when the future contract and the actual (future)-spot price move further apart. 

If we were to accept the direction of causality as being opposite to what we propose in REG7 and 

REG8 we would expect to see market suppliers on the spot market adjusting their actions in the 

market to the futures market development, e.g. through holding back supply and building up 

inventories at t=0 in times of contango and vice versa in times of backwardation. We will go on 

investigating that in the next paragraph. 

Commodity Results (p-value) R2 

Corn Spot priceLeading1Month is 

significant (P<0,0001) 

0,93 

Wheat Spot priceLeading1Month is 

significant (P<0,0001) 

0,92 

Soybean Spot priceLeading1Month is 

significant (P<0,0001) 

0,92 

Rice Spot priceLeading1Month is 
significant (P<0,0001) 

0,95 
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7.2.4 Does a market in contango lead the market to build up inventories (/stock)?  

In this model we are regressing the change in the stock levels on a constructed contango measure 

(future-to-spot ratio)-while controlling for changes in consumption and the autocorrelation
66

 found 

in Y. 

Table 7.2.14 REG 9 

Y X1 X2 ARx 

Stock Future-to-spot-ratio Consumption   

Objective: Testing for any evidence that a market in contango (Future-to-spot-

ratio > 1) -induces suppliers to hold back inventories and instead build up stock (to 

sell it future)- controlled for consumption in the period. 

 

The full model results can be found in Appendix-REG9 but the relevant results are summarized in 

the table below. 

Table 7.2.15 REG 9, summary of results 

Commodity Results (p-value) R2 

Corn 

A market-contango is not significant (P=0,99)/Consumption 

is very close to being significant (P=0,059) 0,76 

Wheat 

A market-contango is not significant (P=0,79)/Consumption 

is very significant (P=0,0001) 0,81 

Soybean 

A market-contango is not significant (P=0,79)/Consumption 

is very significant (P<0,0001) 0,92 

Rice 

A market-contango is not significant (P=0,52)/Consumption 

is not significant (P<0,61) 0,82 

 

There cannot be found any evidence of a correlation between the stock levels and a market in 

contango. This analysis shows that stock-levels are more likely to be determined by consumption
67

 

and 'historic'/mean-reversion levels (AR1). It is not very surprising that the stock-level is highly 

auto-correlated as stock-levels remains quite constant over time as can be seen in figure 6.3.3. 

                                                                                       
66 For all of the commodities stock-levels seem to suffer from auto correlation. 
67 Except for rice where consumption seems insignificant in determining stock-levels in the observed period of time (2000-2011) 
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7.2.5 Summary of the analysis of spot price development 

In conclusion to this paragraph it seems evident that there is a transmission mechanism between the 

markets. The direction of causality cannot be clearly determined when considering just the spot- 

and the futures price. But, if we are willing to  accept the actual future spot price as a credible proxy 

for the expectations of the (future) spot price, the results of these analyzes indicates that market 

participants are rational and use sound, fundamental parameters when forecasting the price of the 

futures contracts.  

The direction of causality could, in principle, be the other way around but then we would only 

accept this direction of causality as being plausible if this is due to futures market participants 

incorporating (fundamental) market information into the price more quickly than commercial 

participants in the spot market. This would still make the spot markets more efficient than they 

otherwise would have been, as it would make the price-discovery-process quicker than if the spot 

market participants operated alone. It does not seem plausible that the high correlation of the results 

found in REG7 and REG8 could be spurious or that we could both accept futures market prices as 

being set by irrational or gambling speculators and that spot market participant are, consistently 

over a 11 year observed period of time, calibrating prices to these ‘irrational’ prices set by futures 

market participants.  

In conclusion we cannot find any evidence that the futures market development, neither in terms of 

trade or price, has any distorting effects in the determination of the commodity spot prices. 
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8. Conclusion and Perspectives for Further Research 

During our analysis we have covered a broad range of problems pertaining to the formation of, and 

development in, commodity prices volatility and the association with trade in commodity 

derivatives. We now return to our original question of whether trade with commodity derivatives 

causes the prices of the underlying assets to diverge from the price justified by the development in 

fundamentals. 

We have investigated this problem by examining the associations between the volume of trade, 

open interest and the development in the spot and futures price. The general picture is that there 

cannot be proven a significant effect of trade with commodity derivatives on the development in the 

prices of the underlying assets. 

The first issue examined was if price developments and trade with derivatives, even at a theoretical 

level, could affect the spot prices of the underlying assets. From a classical economic perspective, 

spot prices are first and foremost determined by supply and demand. Assuming no arbitrage 

opportunities, the futures price is linked to the spot price by the cost of carry and convenience yield 

as well as the risk free interest rate and the market participant’s expectations to the development in 

the specific commodity market (primarily the development in supply and demand). From this 

perspective, it is clear that changes in supply and demand affecting the current spot price, will 

naturally also have an effect on the futures price. But the most relevant question here is first and 

foremost:  

1. If changes in the futures price can somehow affect the spot price and/or spot price volatility,  

2. If trade with derivatives can affect the futures price, that is, if higher demand for futures 

contracts on a given commodity for instance, can somehow raise the price of the futures 

contract. 

Many commentators and policy-makers criticizing derivative markets simply assume that the 

answer to the two questions is “yes”. But a more meticulous theoretical investigation of the subject 

makes it clear that trade with derivatives can affect spot prices only in a very limited number of 

ways. The first, and most obvious, is if the trade entails physical delivery of the commodity, as this 

will change the supply and demand conditions. As this is the case in only a very limited fraction of 

the total amount of transactions, it is not plausible that this should have a very large effect. Apart 

from that, the speculators who are accused of distorting the price formation on the commodity 
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markets will most likely never require physical delivery of the commodity they trade, as this 

requires too many extra costs.  

The second, and most likely more significant way, is by changing the expectations of investors, 

both commercial and non-commercial. The futures market is an indicator of the expectations to the 

development in the spot market, and if information from this market, which is not based on 

fundamentals, can affect the expectations of the spot market participants, then it may be able to 

affect the development of prices in the spot market. Whether you find this plausible or not depends 

highly on your assumptions about the market for commodities and derivatives and the participants’ 

behavior. If you assume that the participants on the commodity markets have rational expectations 

and prices hence incorporate all (true) information about the development in the commodity market, 

then trade with derivatives should have no, or at least only small, temporary, effects on the spot 

prices. If you, on the other hand do not believe that spot market participants have rational 

expectations (either because they do not use all publicly available information, do not know how to 

distinguish true information about the commodity market from false or do not know how to 

interpret this information correctly), then the trade in derivative markets may be able to cause spot 

prices to drift away from equilibrium because the participants base their prices on wrongheaded 

information from the derivatives markets. 

The direction of the effect of the derivative market on the spot market is also a matter of debate. 

Proponents of efficient markets such as Friedman (1953), Tirole (1982) and Working (1949), 

believe that speculation in derivatives markets will primarily be a source of liquidity that will have a 

stabilizing effect on the development in the spot price, simply because speculators will sell/invest 

short when the price is too high and buy/invest long when the price is too low. Hence the most 

important effect of the derivatives market will be to reveal the true information about the underlying 

asset market.  

Skeptics of the free market hypotheses do not believe this to be the case. They believe that prices 

are not based on rational expectations and that they instead are manipulated away from the price 

justified by fundamental market conditions, by speculators “taking views” on the price 

development, cornering the market and gambling. From their perspective, derivatives markets 

should have a destabilizing effect on the spot market. 
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During our investigation of the subject we have examined the association between derivatives 

markets and the development in spot prices and spot price volatility, taking a range of other factors 

into account such as: 

• Macroeconomic factors (GDP growth, inflation, the interest rate, USD exchange rate and 

energy prices) 

• Factors pertaining to supply and demand (stock and consumption) 

• Weather-related factors (in this case only precipitation) 

The investigation has been concerned with both uncovering the associations between variables and 

testing for the direction of causality. Our statement of problem has two “legs”: 

1) Whether trade with derivatives causes spot prices to become more volatile 

2) Whether trade with derivatives has any effect on the development of the spot price  

We have first and foremost analysed the association between trade with derivatives and volatility of 

spot prices. We have found both in simple models (involving only the variables volume, open 

interest and monthly spot price volatility) and more expanded models (involving our full range of 

control variables) that there is an association between our variables of interest, albeit with quite 

small explanatory power in the range of 0,05 - 0,28. One of the most interesting discoveries of this 

however, was that, when controlling for both volume and open interest, their parameter estimates 

point in opposite directions68. Volume seems to be positively associated with spot price volatility 

and open interest seems to have a dampening effect.  

Whether this is because open interest makes the market more liquid and hence dampens sudden 

price movements or if an increase in the market size for futures happens when commercial investors 

are entering new contracts which lock in the price and hedges off the risk against movements in the 

price of the commodity, cannot be finally concluded. 

To conclude, in our analysis we attempted to use our range of explanatory variables to arrive at the 

models that could best explain the variation in our volatility variables, to see if these models would 

still include our two primary explanatory variables. We found that both the effects of volume and 

open interest were significant (at least at a 10%-level) - in all of the markets – except for soybeans 

where both volume and open interest are (very) insignificant, even on a 10% test level. These 

                                                                                       
68 This does not occur in the simple model for wheat – but, in the model including the full range of parameters the β-estimates for volume and open interest on wheat , 
is consistent with the findings from the simple models. 
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results are a bit murky as the relationship between volume, open interest and volatility are also 

found in the market for rice. The market for derivatives in rice is very small, and hence it does not 

seem plausible that it could affect the spot price market, at least not with the same magnitude as in 

the other grains markets where the derivatives markets are much larger. 

Furthermore the full models only reached explanatory powers in the range of 0,2 - 04, even when 

employing 4-5 explanatory variables, indicating that there is still a lot to explain about what 

determines spot price volatility. 

Digging deeper into the relationship between the futures markets and spot price volatility we 

employed “Granger-tests” to test for the direction of causality between the variables. The results of 

this analysis were mixed. On the one hand, there did not seem to be any Granger-causality between 

volume, open interest and volatility in the corn commodity. In the wheat commodity, on the other 

hand, volume appeared to Granger-cause volatility but not open interest. On the market for wheat 

we also observed a small Granger-cause from volatility to volume, suggesting a cyclical effect of 

the analyzed parameters.  

A similar effect was observed with rice, where volatility seemed to Granger-cause volume (but not 

the other way). This is consistent with our expectations that spot price volatility may cause 

increased trade with derivatives, as market participants seek to hedge their risk, but that the causal 

effect could not go the other way. If Granger-tests can be assumed to be valid measures of causality, 

there may be an effect from spot price volatility to trade with derivatives, but the effect the other 

way is most likely limited. 

The conclusion with regard to volatility is that there appears to be an association between volume, 

open interest and spot price volatility, but that the direction of causality is ambiguous at best. 

Furthermore it seems that only an increase in transactions can cause volatility, whereas an increase 

in the total size of the market has a dampening effect. 

Next we examined the second “leg” of our problem, that is, can trade in derivatives cause or affect 

the spot price development. During our investigation into this we simultaneously examined 

evidence of a transmission mechanism between the spot- and futures market. The general picture is 

that the amount of trade or the size of the futures market does not drive up- or in any way affect- the 

prices on the spot market. Furthermore we could not find any significant effects of trade with 

futures and the growth or decline in futures prices. The conclusion to the hypotheses on whether 



76 

 

increased trade, due to speculation, is driving up prices in the futures market is therefore that there 

cannot be found any evidence on this proposed relationship. 

We proceeded in the same way we did with our analysis of spot price volatility. We first tested the 

simple associations between our primary explanatory variables (future price development, volume 

and open interest) and spot price development, and found that there were no simple associations 

between the trade measures and the price development. Attempting to explain the development in 

spot prices using our full range of explanatory variables still left us with the change in the futures 

price as the most significant determinant. These results were to be expected from our theoretical 

equations. The fact that our full range of variables failed to explain variations in spot price 

development can perhaps be attributed to the large variation in a first-differences model. We have, 

though, attempted to mitigate this problem by analyzing only monthly changes, which should 

eliminate much of the noise.  

We investigated this problem in further detail by performing a range of tests to examine the 

transmission mechanism between the futures and spot market and the causality between the 

variables. We wanted to know if the development in the futures market price, though associated 

with the spot price, also could cause it, or if the effect went the other way – or perhaps the 

association was simply spurious, due to some omitted third variable. 

The result of these tests was that we could plausibly observe a transmission mechanism between the 

markets. The direction of causality could not be clearly determined, though, when considering just 

the spot- and the futures price. In most of our regressions there appeared to be no direction of 

causality. In the corn market, the futures prices seemed to Granger-cause the spot price, but on rice 

it was the other way around.  

When accepting the actual future spot price as a credible proxy for the expectations of the (future) 

spot price, the results of the analysis indicated that market participants on the futures market are 

using sound and fundamental parameters when incorporating expectations of the future spot price in 

the forecasting of the price of the futures contracts. We will not accept the opposite direction of 

causality on this test as that would imply accepting that spot market participants has been 

consistently calibrating spot prices to prices which are not in equilibrium for more than a decade.  

Our last tests of a transmission mechanism between spot and futures markets were concerned with 

the hypothesis that the price structure of futures contracts would affect the stock levels, meaning 
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that a rising price structure (“contango”) would entail higher stock levels as producers would hold 

their goods back in expectation of higher prices in the future. We did not find any evidence of this 

association. Stock levels were more likely to be determined by current consumption and “mean-

reversion” (historic) stock levels, than the futures price. We concluded from this that effect of the 

futures market on the actual supply-/demand-situation in the spot market was marginal at best. 

Our overall conclusion to our hypothesis can then be summed up as follows: 

• There is evidence of an association between spot price volatility and trade with derivatives, 

but the causal direction is uncertain. The evidence suggests that increasing transactions in 

the market is associated with higher levels of volatility, but that the larger the size of the 

total open interest on the futures market, the lower the volatility of spot prices, perhaps 

because it becomes easier for producers to plan, hedge and carry their supplies forward to 

the time where demand is highest. 

• There is no evidence of an association between the development in spot price and trade with 

derivatives. There is evidence of a plausible transmission mechanism between the futures- 

and spot market, but again it is difficult to finally determine the direction of causality. 

However, the analysis leans more to the conclusion that it is the (expected) spot price that 

causes the development of the futures price – and not the other way around. 

8.1 Perspectives for further research: what does determine commodity spot prices? 

So what does all this entail for the debate over derivatives and the scientific agenda? If this study 

has shown anything, it is that the most important determinants of spot prices of commodities are to 

be found outside the derivatives markets. Even though we discovered important associations 

between some of our key variables of interest, the models we arrived at proved to have limited 

explanatory power and practical significance for the spot prices. They left a lot of commodity price 

formation to be explained. 

Many of the authors on this subject stress that commodity spot prices are inherently volatile, and 

were so long before the derivatives markets expanded to their current size.
69

 Unfortunately 

derivatives markets still take up much of the space in the debate over spot price spikes and spot 

price volatility. There do exist a wide range of variables of enormous importance to spot prices 

which is left unexplored, mainly due to lack of accessible and reliable data in the areas.  The reach 

                                                                                       
69 OECD (2010) p. 6 
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of the conclusions of this analysis has to some extent also been hampered by the lack of valid data 

on many of the most important control variables.  

Much of the data could plausibly be constructed, with sufficient effort and resources. We here name 

a number of variables, which we have come to see as important determinants of spot price 

formation in the commodities markets that should be explored deeper, both in order to strengthen 

the scientific knowledge of the area and to contribute to the policy debate.  

The first, and most likely most important, is weather conditions affecting harvests, such as droughts 

and floods. Some authors take this into consideration, but only at a qualitative level. Tangermann 

(2011) for example note how price spikes in the 2000s have been associated with harsh weather 

conditions in the largest export markets. In this study we have only included very crude measures of 

weather conditions (precipitation), which were insufficient to capture any real, plausible effects. 

Using reliable weather data, and with sufficient knowledge of the markets for grains, it should be 

possible to construct valid and reliable variables measuring the effects of weather conditions. This 

could most likely contribute much explanatory power to a model explaining the variation in grain 

commodity prices. 

Another important determinant of spot price formation is stocks and production. Being a central 

factor in the supply-demand equations, a good measure of these variables is pivotal to a thorough 

analysis of the price formation in commodity markets. Authors of studies concerning the oil market 

have successfully used good measures of this70, as the data is much more accessible for oil than for 

agricultural commodities. 

In this study we were able to obtain quite reliable measures of production and stock on our four 

commodities of interest. But these were measured on an annual basis, which is insufficient to a 

detailed analysis of our problem, and since determinants of spot price formation is most likely 

difficult to measure accurately over such a long term, we did not find much evidence of an 

association. If we could have obtained reliable data on a monthly basis, however, it would have 

been possible to measure the effect much more accurately. Furthermore first differences models 

would also have been possible to further clarify the effects. This would also have enabled us to do 

Granger-tests of causality. In theory it should be possible to obtain this kind of data, but any 

attempts will most likely run into significant challenges when attempting to glean data from third 

                                                                                       
70 Amenc, Benoit & Till (2008) p. 13 
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world countries or other places where reliable data collection either limited, or where large 

“unofficial” markets exist in parallel to the official. 

A third variable that we would have liked to see employed is a political one. Most of the 

commodities supply is global, as it is exported, for example from developing nations to developed 

nations. For this reason, import and export restrictions can potentially have a significant impact on 

commodity prices, as large amounts of the global supply of commodities could (and have been) at 

times severely limited by, for example, the imposition of a quota or export tax in a large export 

country. Some authors have attempted to measure this, for example by measuring exports. Another 

way to do this could be to use the trade freedom indexes of the Heritage Foundation or the Fraser 

Institute. Whichever methods you choose however, it would presuppose a well-developed 

knowledge of the export markets of the commodities to be analyzed, as the analysis should be 

focused on these. Apart from contributing to the scientific agenda, this research could also 

contribute to the policy debate, which for once would focus on regulations as a problem instead of a 

solution. 
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REG1

Y X1 X2 ARx

Spot price volatility Volume Open interest

Corn

R
2 0,12

Order of autocorrelation 1

Variables X1 X2 AR1

β 1,19E-08 -4,10E-08 -0,24

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level) 3,50*** -2,09* -2,82**

P-Value 0,001 0,04 0,06

Wheat

R
2 0,28

Order of autocorrelation 1

Variables X1 X2 AR1

β 6,11E-08 9,11E-09 N/A

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level) 6,71*** -3,74*** N/A

P-Value <0,0001 0,0003 N/A

Soybean

R
2 0,05

Order of autocorrelation 1

Variables X1 X2 AR1 AR(2)

β 1,17E-08 -4,90E-08 -0,14 -0,24

T-value, (significant at: * = 0,05 1,75 -1,08 -1,63 -2,8**

P-Value 0,09 0,28 0,11 0,01

Rice

R
2 0,15

Order of autocorrelation 1

Variables X1 X2 AR1

β 1,63E-06 -2,70E-06 -0,22

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level) 3,94*** -2,9** -2,54*

P-Value 0,0001 0,01 0,01

Objective: Does increase in trade (volume) or size of market (open interest)- cause prices to 

become more volatile?

Appendix - REG1



REG2

Y X1 X2 Xn

Volatility on Spot-price
Relevant 

parameter

Relevant 

parameter

Relevant 

parameter

Corn

R
2

0,41

Order of autocorrelation 0

Variables X1 X2 X3 X4 X5 X6

β 2,81E-08 -3,90E-08 0,23 0,01 -0,00036 5,09E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

5,22*** -1,88 2,38* 1,96 -2,12* 1,52

P-Value <0,0001 0,06 0,02 0,053 0,04 0,13

X1 = Volume

X2

X3

X4

X5 = Indian Inflation

X6 = Precipitation

Appendix - REG2

Objective: To see the relevant parameters together in different combinations and to find the 

most likely causal explanation of spot price volatility.

= Open Interest

= Stock-to-use

= Indian GDP Growth



Wheat

R
2

0,41

Order of autocorrelation 0

Variables X1 X2 X3 X4

β 5,68E-08 -9,60E-08 -0,003 -1,70E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

6,53*** -3,25*** -2,58** -1,01

P-Value <0,0001 0,002 0,01 0,31

X1 = Volume

X2 = Open Interest

X3

X4 = Precipitation

Soy beans

R
2

0,27

Order of autocorrelation 0

Variables X1 X2 X3 X4 X5 X6

β 1,59E-08 -3,10E-08 0,03 -0,01 -0,01 -1,50E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

1,11 -0,41 2,6** -1,92 -3,09** -0,36

P-Value 0,27 0,68 0,01 0,06 0,003 0,72

X1 = Volume

X2 = Open Interest

X3 = ∆Price of crude oil

X4

X5

X6 = Precipitation

Appendix - REG2 (Cont'd)

= Indian Inflation

= OECD Inflation

= Indian Inflation



Rice

R
2

0,3

Order of autocorrelation 0

Variables X1 X2 X3 X4 X5

β 1,77E-06 -4,00E-06 -0,04 -0,01 3,30E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

3,88*** -4,14*** -1,84 -1,53 0,93

P-Value <0,0001 <0,0001 0,07 0,13 0,35

X1 = Volume

X2 = Open Interest

X3

X4

X5 = Precipitation

= OECD inflation

Appendix - REG2 (Cont'd)

= OECD GDP growth



REG3

Y X1 X2

Futures-price Open interest Volume

Corn

R
2 0,07

Order of autocorrelation 0

Variables X1 X2

β 0,11 3,79E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

1,67 0,29

P-Value 0,1 0,77

Wheat

R
2 0,07

Order of autocorrelation 0

Variables X1 X2

β 0,082 3,14E-08

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

1,68 0,812

P-Value 0,1 0,42

Soybean

R
2 0,04

Order of autocorrelation 0

Variables X1 X2

β -0,008 2,92E-08

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,91 1,3

P-Value 0,37 0,2

Rice

R
2 0,04

Order of autocorrelation 0

Variables X1 X2

β -6,00E-03 -2,19E-06

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,13 1,49

P-Value 0,89 0,14

Appendix - REG3

Objective: Does increase in trade (volume) or size of market (open interest)- 

drive up prices?



REG4

Y X1 X2 X3

∆Spot price Volume ∆ Open interest ∆Futures price

Corn

R
2 0,73

Order of autocorrelation 0

Variables X1 X2 X3

β 2,16E-08 0,11 0,96

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

0,64 0,6 11,26

P-Value 0,52 0,55 <0,0001

Wheat

R
2 0,92

Order of autocorrelation 0

Variables X1 X2 X3

β 1,38E-08 -0,01 0,93

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

1,15E-08 0,015 22,64

P-Value 0,24 0,43 <0,0001

Soybean

R
2 0,9

Order of autocorrelation 0

Variables X1 X2 X3

β 2,57E-09 0,002 0,98

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

0,35 0,78 23,8

P-Value 0,73 0,44 <0,0001

Rice

R
2 0,79

Order of autocorrelation 0

Variables X1 X2 X3

β -2,10E-08 0,005 0,92

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,03 0,26 14,18

P-Value 0,98 0,8 <0,0001

Appendix - REG4

Objective: Does increase in trade (volume), size of market (open interest)-or prices of futures 

push prices up on the spot market?



REG5

Y

∆Spot price

Corn

R
2 0,727

Order of autocorrelation 0

Stationarity

Variables X3

β 4,1

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 12,0***

P-Value <0,0001

WHEAT

R
2 0,912

Order of autocorrelation 0

Stationarity

Variables X3

β 0,92

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 23,8***

P-Value <0,0001

Rice

R
2 0,795

Order of autocorrelation 0

Stationarity

Variables X3

β 0,91

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 14,7***

P-Value <0,0001

Soybean

R
2 0,896

Order of autocorrelation 0

Stationarity

Variables X3

β 9,80E-01

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 24,5***

P-Value <0,0001

Appendix - REG5

X1

∆Futures price

Objective: Does increase in trade (volume), size of market 



REG6

Y X1 X2 Xn

Spot-price
Relevant 

parameter

Relevant 

parameter

Relevant 

parameter

Corn

R
2 0,74

Order of autocorrelation 0

Variables X1 X2

β 3,0725 -0,0093

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

24,17 -3,64

P-Value <0,0001 0,0003

X1 = Price of 1 month future

X2 = OECD Inflation

Wheat

R
2 0,93

Order of autocorrelation 0

Variables X1 X2 X3

β 1,009 -0,0028 -0,0252

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

50,5 -6,87 -3,3

P-Value <0,0001 <0,0001 0,0011

X1 = Price of 1 month future

X2 =OECD Inflation

X3 =OECD Growth

Appendix - REG6

Objective: To see the relevant parameters together in different combinations and to find the 

most likely causal explanation of spot prices.



Soybean

R
2 0,9

Order of autocorrelation 0

Variables X1

β 1

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

49,49

P-Value <0,0001

X1 = Price of 1 month 

future

Rice

R
2 0,88

Order of autocorrelation 0

Variables X1

β 1,0132

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

31,67

P-Value <0,0001

X1 = Price of 1 month 

future

Appendix - REG6 (Cont'd)



REG7 - Monthly data

Y X1

Futures price1 month Spot priceLeading 1 month

Corn

R
2 0,93

Order of autocorrelation 0

Variables X1

β 1

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level)

40,15

P-Value <0,0001

Wheat

R
2 0,92

Order of autocorrelation 0

Variables X1

β 0,93

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level)

33,47

P-Value <0,0001

Soybean

R
2 0,92

Order of autocorrelation 0

Variables X1

β 0,96

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level)

36,66

P-Value <0,0001

Rice

R
2 0,95

Order of autocorrelation 0

Variables X1

β 0,99

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level)

46,68

P-Value <0,0001

Appendix - REG 7

Objective: If one believes that the futurespricing 

incorporates fundamentally based predictions of the 

future spot price we would expect to find a significant 

relationship between the 1 month Futurespricet and the 

spot pricet+1month



REG8 - Monthly data

Y X1

Futures price6 month Spot priceLeading 6 month

Corn

R
2 0,54

Order of autocorrelation 0

Variables X1

β 0,79

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level) 9,15

P-Value <0,0001

Wheat

R
2 0,66

Order of autocorrelation 0

Variables X1

β 0,87

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level) 11,44

P-Value <0,0001

Soybean

R
2 0,6

Order of autocorrelation 0

Variables X1

β 0,8

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level) 10,8

P-Value <0,0001

Rice

R
2 0,64

Order of autocorrelation 0

Variables X1

β 0,83

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level) 11,6

P-Value <0,0001

Appendix - REG 8

Objective: If one believes that the futurespricing 

incorporates fundamentally based predictions of the 

future spot price we would expect to find a significant 

relationship between the 6 month Futurespricet and the 

spot pricet+5month



Y X1 X2 ARx

Stock Future-to-spot-ratio Consumption

Corn

R
2 0,76

Order of autocorrelation 1

Variables X1 X2 AR1

β -5140 0,177 -0,849

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,0153 1,945 -9,7358

P-Value 0,99 0,059 <0,0001

Wheat
Standard table

R
2 0,81

Order of autocorrelation 1

Variables X1 X2 AR1

β 152168 0,357 -0,6745

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

0,2667 4,2863 -5,5533

P-Value 0,7912 0,0001 <0,0001

Soybean
Standard table

R
2 0,92

Order of autocorrelation 1

Variables X1 X2 AR1

β -1558,2 0,047 -0,772

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,2154 6,222 -7,5823

P-Value 0,831 <0,0001 <0,0001

Rice
Standard table

R
2 0,82

Order of autocorrelation 1

Variables X1 X2 AR1

β 61708 0,0989 -0,8985

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

0,6517 0,5149 -10,47

P-Value 0,5214 0,6117 <0,0001

Appendix- REG9

REG 9

Objective: To see if there could be found any evidence that a market in contango (Future-to-

spot-ratio > 1) -induces suppliers to hold back inventories and instead build up stock (to sell it 

future)- controlled for consumption in the period.



REG1

Y X1 X2 ARx

Spot price volatility Volume Open interest

Corn

R
2 0,12

Order of autocorrelation 1

Variables X1 X2 AR1

β 1,19E-08 -4,10E-08 -0,24

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level) 3,50*** -2,09* -2,82**

P-Value 0,001 0,04 0,06

Wheat

R
2 0,28

Order of autocorrelation 1

Variables X1 X2 AR1

β 6,11E-08 9,11E-09 N/A

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level) 6,71*** -3,74*** N/A

P-Value <0,0001 0,0003 N/A

Soybean

R
2 0,05

Order of autocorrelation 1

Variables X1 X2 AR1 AR(2)

β 1,17E-08 -4,90E-08 -0,14 -0,24

T-value, (significant at: * = 0,05 1,75 -1,08 -1,63 -2,8**

P-Value 0,09 0,28 0,11 0,01

Rice

R
2 0,15

Order of autocorrelation 1

Variables X1 X2 AR1

β 1,63E-06 -2,70E-06 -0,22

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level) 3,94*** -2,9** -2,54*

P-Value 0,0001 0,01 0,01

Objective: Does increase in trade (volume) or size of market (open interest)- cause prices to 

become more volatile?

Appendix - REG1



REG2

Y X1 X2 Xn

Volatility on Spot-price
Relevant 

parameter

Relevant 

parameter

Relevant 

parameter

Corn

R
2

0,41

Order of autocorrelation 0

Variables X1 X2 X3 X4 X5 X6

β 2,81E-08 -3,90E-08 0,23 0,01 -0,00036 5,09E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

5,22*** -1,88 2,38* 1,96 -2,12* 1,52

P-Value <0,0001 0,06 0,02 0,053 0,04 0,13

X1 = Volume

X2

X3

X4

X5 = Indian Inflation

X6 = Precipitation

Appendix - REG2

Objective: To see the relevant parameters together in different combinations and to find the 

most likely causal explanation of spot price volatility.

= Open Interest

= Stock-to-use

= Indian GDP Growth



Wheat

R
2

0,41

Order of autocorrelation 0

Variables X1 X2 X3 X4

β 5,68E-08 -9,60E-08 -0,003 -1,70E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

6,53*** -3,25*** -2,58** -1,01

P-Value <0,0001 0,002 0,01 0,31

X1 = Volume

X2 = Open Interest

X3

X4 = Precipitation

Soy beans

R
2

0,27

Order of autocorrelation 0

Variables X1 X2 X3 X4 X5 X6

β 1,59E-08 -3,10E-08 0,03 -0,01 -0,01 -1,50E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

1,11 -0,41 2,6** -1,92 -3,09** -0,36

P-Value 0,27 0,68 0,01 0,06 0,003 0,72

X1 = Volume

X2 = Open Interest

X3 = ∆Price of crude oil

X4

X5

X6 = Precipitation

Appendix - REG2 (Cont'd)

= Indian Inflation

= OECD Inflation

= Indian Inflation



Rice

R
2

0,3

Order of autocorrelation 0

Variables X1 X2 X3 X4 X5

β 1,77E-06 -4,00E-06 -0,04 -0,01 3,30E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

3,88*** -4,14*** -1,84 -1,53 0,93

P-Value <0,0001 <0,0001 0,07 0,13 0,35

X1 = Volume

X2 = Open Interest

X3

X4

X5 = Precipitation

= OECD inflation

Appendix - REG2 (Cont'd)

= OECD GDP growth



REG3

Y X1 X2

Futures-price Open interest Volume

Corn

R
2 0,07

Order of autocorrelation 0

Variables X1 X2

β 0,11 3,79E-09

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

1,67 0,29

P-Value 0,1 0,77

Wheat

R
2 0,07

Order of autocorrelation 0

Variables X1 X2

β 0,082 3,14E-08

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

1,68 0,812

P-Value 0,1 0,42

Soybean

R
2 0,04

Order of autocorrelation 0

Variables X1 X2

β -0,008 2,92E-08

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,91 1,3

P-Value 0,37 0,2

Rice

R
2 0,04

Order of autocorrelation 0

Variables X1 X2

β -6,00E-03 -2,19E-06

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,13 1,49

P-Value 0,89 0,14

Appendix - REG3

Objective: Does increase in trade (volume) or size of market (open interest)- 

drive up prices?



REG4

Y X1 X2 X3

∆Spot price Volume ∆ Open interest ∆Futures price

Corn

R
2 0,73

Order of autocorrelation 0

Variables X1 X2 X3

β 2,16E-08 0,11 0,96

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

0,64 0,6 11,26

P-Value 0,52 0,55 <0,0001

Wheat

R
2 0,92

Order of autocorrelation 0

Variables X1 X2 X3

β 1,38E-08 -0,01 0,93

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

1,15E-08 0,015 22,64

P-Value 0,24 0,43 <0,0001

Soybean

R
2 0,9

Order of autocorrelation 0

Variables X1 X2 X3

β 2,57E-09 0,002 0,98

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

0,35 0,78 23,8

P-Value 0,73 0,44 <0,0001

Rice

R
2 0,79

Order of autocorrelation 0

Variables X1 X2 X3

β -2,10E-08 0,005 0,92

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,03 0,26 14,18

P-Value 0,98 0,8 <0,0001

Appendix - REG4

Objective: Does increase in trade (volume), size of market (open interest)-or prices of futures 

push prices up on the spot market?



REG5

Y

∆Spot price

Corn

R
2 0,727

Order of autocorrelation 0

Stationarity

Variables X3

β 4,1

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 12,0***

P-Value <0,0001

WHEAT

R
2 0,912

Order of autocorrelation 0

Stationarity

Variables X3

β 0,92

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 23,8***

P-Value <0,0001

Rice

R
2 0,795

Order of autocorrelation 0

Stationarity

Variables X3

β 0,91

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 14,7***

P-Value <0,0001

Soybean

R
2 0,896

Order of autocorrelation 0

Stationarity

Variables X3

β 9,80E-01

T-value, (significant at: * = 

0,05 level, **=0,01 level, 

***=0,001 level) 24,5***

P-Value <0,0001

Appendix - REG5

X1

∆Futures price

Objective: Does increase in trade (volume), size of market 



REG6

Y X1 X2 Xn

Spot-price
Relevant 

parameter

Relevant 

parameter

Relevant 

parameter

Corn

R
2 0,74

Order of autocorrelation 0

Variables X1 X2

β 3,0725 -0,0093

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

24,17 -3,64

P-Value <0,0001 0,0003

X1 = Price of 1 month future

X2 = OECD Inflation

Wheat

R
2 0,93

Order of autocorrelation 0

Variables X1 X2 X3

β 1,009 -0,0028 -0,0252

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

50,5 -6,87 -3,3

P-Value <0,0001 <0,0001 0,0011

X1 = Price of 1 month future

X2 =OECD Inflation

X3 =OECD Growth

Appendix - REG6

Objective: To see the relevant parameters together in different combinations and to find the 

most likely causal explanation of spot prices.



Soybean

R
2 0,9

Order of autocorrelation 0

Variables X1

β 1

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

49,49

P-Value <0,0001

X1 = Price of 1 month 

future

Rice

R
2 0,88

Order of autocorrelation 0

Variables X1

β 1,0132

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

31,67

P-Value <0,0001

X1 = Price of 1 month 

future

Appendix - REG6 (Cont'd)



REG7 - Monthly data

Y X1

Futures price1 month Spot priceLeading 1 month

Corn

R
2 0,93

Order of autocorrelation 0

Variables X1

β 1

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level)

40,15

P-Value <0,0001

Wheat

R
2 0,92

Order of autocorrelation 0

Variables X1

β 0,93

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level)

33,47

P-Value <0,0001

Soybean

R
2 0,92

Order of autocorrelation 0

Variables X1

β 0,96

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level)

36,66

P-Value <0,0001

Rice

R
2 0,95

Order of autocorrelation 0

Variables X1

β 0,99

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level)

46,68

P-Value <0,0001

Appendix - REG 7

Objective: If one believes that the futurespricing 

incorporates fundamentally based predictions of the 

future spot price we would expect to find a significant 

relationship between the 1 month Futurespricet and the 

spot pricet+1month



REG8 - Monthly data

Y X1

Futures price6 month Spot priceLeading 6 month

Corn

R
2 0,54

Order of autocorrelation 0

Variables X1

β 0,79

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level) 9,15

P-Value <0,0001

Wheat

R
2 0,66

Order of autocorrelation 0

Variables X1

β 0,87

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level) 11,44

P-Value <0,0001

Soybean

R
2 0,6

Order of autocorrelation 0

Variables X1

β 0,8

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level) 10,8

P-Value <0,0001

Rice

R
2 0,64

Order of autocorrelation 0

Variables X1

β 0,83

T-value, (significant at: * 

= 0,05 level, **=0,01 

level, ***=0,001 level) 11,6

P-Value <0,0001

Appendix - REG 8

Objective: If one believes that the futurespricing 

incorporates fundamentally based predictions of the 

future spot price we would expect to find a significant 

relationship between the 6 month Futurespricet and the 

spot pricet+5month



Y X1 X2 ARx

Stock Future-to-spot-ratio Consumption

Corn

R
2 0,76

Order of autocorrelation 1

Variables X1 X2 AR1

β -5140 0,177 -0,849

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,0153 1,945 -9,7358

P-Value 0,99 0,059 <0,0001

Wheat
Standard table

R
2 0,81

Order of autocorrelation 1

Variables X1 X2 AR1

β 152168 0,357 -0,6745

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

0,2667 4,2863 -5,5533

P-Value 0,7912 0,0001 <0,0001

Soybean
Standard table

R
2 0,92

Order of autocorrelation 1

Variables X1 X2 AR1

β -1558,2 0,047 -0,772

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

-0,2154 6,222 -7,5823

P-Value 0,831 <0,0001 <0,0001

Rice
Standard table

R
2 0,82

Order of autocorrelation 1

Variables X1 X2 AR1

β 61708 0,0989 -0,8985

T-value, (significant at: * = 0,05 

level, **=0,01 level, ***=0,001 

level)

0,6517 0,5149 -10,47

P-Value 0,5214 0,6117 <0,0001

Appendix- REG9

REG 9

Objective: To see if there could be found any evidence that a market in contango (Future-to-

spot-ratio > 1) -induces suppliers to hold back inventories and instead build up stock (to sell it 

future)- controlled for consumption in the period.


