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$%STRACT

Crude oil prices moved irregularly in the period leading to the financial meltdown in the
beginning of 2008. This research paper deals with explaining the drivers of spot and
futures prices of crude oil taking into consideration the theoretical model presented by
Just and Just (2008) and empirically examining the factors. This paper provides empirical
evidence that the prices of crude oil are driven by many factors which are controlled by
OPEC countries and that spot prices are partially driven by futures prices of crude oil.
The paper also provides evidence that OPEC manipulative buying in the futures market
was a key reason for the price spike, while the fall in prices was due to the fact that
manipulation could not maintain its strong effect in increasing prices and was met by a
stronger force of factors that were a result of the economic meltdown.
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CHAPTER I
INTRODUCTION

1.1 Introduction
Crude oil is the single most demanded commodity in the modern world. It powers
our lives since we use it for electricity, transportation and in every single step we take in
our lives. The importance of this commodity is established by the fact that crude oil price
shocks have preceded every economic crisis in recent history. The United States is the
largest importer of this commodity due to its large consumption. Annual crude oil
consumption in the U.S accounts for about a quarter of the world consumption. More
precisely, the U.S consumption of crude oil had been double of the amount China and
India together consumed between 2000 and 2007. Thus the U.S is always exposed to
supply risks and manipulative pricing risks. This sparks the interest of knowing what the
drivers of the price of this commodity are.
Since 1990 to 2003, the price of crude oil averaged at US$38 per barrel which was close
to the historical average (WTRG economics). But, the price doubled within the next two
years; the price of crude oil reached U.S$66.5 mark in 2005. The prices continued to rise
reaching US$99 in 2007 and US$145.3 in the summer of 2008. This peak didn’t last long
and the prices where back to US$40 per barrel by January of 2009, a price that was
realized in May of 2004. Thus the peak that nearly took 4 years to reach crumbled in 6
months. This background brings interest in examining the variables that caused the crude
oil bubble to inflate and deflate in such a manner and the effect that the Organization of
the Petroleum Exporting Countries (OPEC hereafter) has on this phenomenon.
1
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Figure 1.1: oil prices 1997-2009
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1.2 Historical Background
Before engaging in the study, it is important to understand the history of crude oil prices
which will shed a light on the reasons for oil shocks. In the pre OPEC era (i.e. 19481960), the prices ranged between US$2.5 and US$3 (which was equivalent to US$17-$19
inflated1) and had been fairly stable during that period (WTRG economics). In 1960, the
OPEC was formed with five founding members namely Iraq, Iran, Kuwait, Saudi Arabia,
and Venezuela. Qatar, Indonesia, Libya, United Arab Emirates, Algeria and Nigeria
joined the OPEC in 1971. In the same year, the Texas Railroad Commission set proration
at 100%, thus producers could produce as much as they please with no limits set by the
government on production. This decision took the power of influencing prices from the
U.S and shifted it to the OPEC countries.
In 1972, the price of crude oil was US$3 per barrel that reached US$12 per barrel by the
end of 1974(WTRG economics). The reason for this price increase was the eruption of a
war between Syria and Egypt on one side and Israel on the other side. During that time,
the OPEC countries took the decision of decreasing production by 5 million barrels per
day, and thus prices moved up due to a shortage in supplies and daily fear of supply halts.
This marked the shift of power in oil pricing from the U.S to the OPEC since in only six
month prices moved up by 400%, while in the pre OPEC period (1948-1971), prices only
increased by 20% and most of this increase was due to inflation(WTRG economics).

1

The equivalent of the present prices of crude oil
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The period between 1978 and1981 highlighted political turmoil in Iran. The Iranian
revolution took place in 1978, which caused a drop in crude oil production of 2.5 million
barrels per day. Immediately after the revolution, the Iran and Iraq war started which
caused drop in Iraqi production of crude oil by 1 million barrels per day and the decline
in Iranian production of crude oil to reach 5.5 million barrels per day. In effect prices
jumped from US$14 per barrel in 1978 to US$35 per barrel in 1981.
The rapid increase in prices of crude oil caused a drop in consumption. As figure 1.2
shows, the U.S petroleum consumption started declining in 1980, and it wasn’t until
2005 that consumption levels reached the levels they were at pre 1980 (U.S energy
information). The drop in consumption was mainly due to increased prices, better home
insulations, more efficient cars, the global recession in the early 1980s and many other
measures taken by the U.S government (U.S Energy information). What is interesting to
this study here is that there was a tremendous price increase followed by a global
recession and a price drop.

4
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Figure 1.2: Petroleum Consumption and Price

Figure 1.2 reveals that crude oil prices in 2008 reached their highest levels in post
World War II history of the commodity. Consumption also peaked during this time
but it has done so in the late 70s and early 80s and prices didn’t rise as much which
shows factors not related to demand played a role in pushing crude oil prices to this
peak.

5
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During the early 1980s, the OPEC was taking enormous measures in order to raise
prices. The OPEC decreased production levels, yet crude oil prices still decreased and
reached the US$10 mark in 1986(WTRG economics). The prices went up again during
the 1990 gulf war which started with Iraq invading Kuwait and ended with the U.S
interference to liberate Kuwait. However, the price increase didn’t last long and prices
dropped back in 1994(WTRG economics). The OPEC control over prices became weaker
since non-OPEC countries played a significant role in pricing, and the increased political
instability took its toll on the control of the OPEC members over their countries. Another
factor to consider is that starting from 1991, speculators were allowed to trade oil, which
means that oil futures contracts could be bought and sold by investors who would not
take actual delivery of the commodity, and thus speculation was starting to have its
effects on prices.
Starting from the mid-1990s, Asian economies were growing stronger and
stronger, and their demand for crude oil increased substantially. Economies around the
world were also flourishing during that time and along with 6 million barrels per day
drop in Russian production, crude oil prices recovered. But this uptrend only lasted till
the end of 1997 as the Asian economies faced a crisis which decreased their demand for
crude oil and the prices collapsed again. The OPEC took strong measures this time and
reduced production by 3 million barrels per day which caused prices to recover in 1999
and reached US$25 mark. The 2001-2002 economic and political turndowns in the U.S
caused prices to fall again. In 2003 the second Gulf war began which coincided with a
production decrease in Venezuela. Due to a decrease in production from two of the three
6
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biggest crude oil producers in the world, prices reached US$50 per barrel in 2005
(WTRG economics).
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Figure 1.3: Inflation Adjusted Monthly Crude Oil Prices
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During the next four years (i.e. 2006-2009), crude oil prices reached their highest
prices ever and underwent their biggest drop in prices ever. The purpose of this research
is to study what caused this price bubble. Historically, price increases and decreases were
mainly due to production and supply, but figure 1.4 shows otherwise since during the
peak of oil prices in 2008 production was also at its peak.

9
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Figure1.4: Crude oil production by OPEC countries

Figure 1.4 shows that production levels where much higher than
consumption levels (figure 1.2) thus supply shortages where not the
reason for price spike in 2008.
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1.3 Problem Statement
The historical background above presents a problem for an oil importing nation
like the United States. Many factors may cause an increase in prices of crude oil. Political
turmoil and shocks can cause an increase in the price of the commodity. We also saw that
the OPEC plays a major role in supply of the commodity and when the oil cartel realizes
its return on production is decreasing; it decrease the supply in order to keep price levels
stable. This exposes the importing nations vulnerable to the situation taking place in the
exporting countries of the OPEC whether there is political turmoil or economic instability
since the importing nations are price takers and highly dependent on crude oil in their
daily activities..
Yet during 2007-2009, the price of crude oil reached its historical peak. The
political situation in the oil exporting countries was relatively stable in comparison with
previous times. The blame was on the futures market and futures trading of crude oil. The
futures and options market was introduced to help traders in standardizing forward
contracts and trade in organized exchanges. The market plays a major role in price
discovery and reallocating exposure to price risk. Yet during the late 2000s crisis, the
congress blamed the crude oil futures market for much of the economic crisis as one key
aspect of this crisis was the dramatic rise in oil prices. The OPEC used the fact that the
futures market reallocates price risk exposure to its own benefit. The oil cartel
manipulated the futures market and separated its productions decisions from its trading
decisions and engaged in manipulative buying in order to increase price of its exports.
Also speculative actions increased to more than 400% during that time which brings
11
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concern that speculators also played the price spike. While these implications are still
ambiguous, it is yet to empirically examine the role that all these factors played on spot
prices and futures prices of crude oil.
1.4 Objectives
The general objective if this thesis is to examine the factors that impact spot and futures
prices of crude oil. The study will focus on the speculative strategies of the OPEC in the
market and how much impacts manipulative buying, production allocation, and volume
of exports have on spot and futures prices. The study will also focus on effect of futures
trading on spot prices of crude oil during the period between 2005 and 2009, which will
shed light on the price bubble formation. Thus, the specific objectives will be as follows:
1. Reviewing relevant literature, identify the plausible factors that may affect the
spot and futures prices of crude oil.
2.

Formulate an empirical framework to evaluate the theoretical predictions using
empirical data.

3. Finally, using appropriate empirical estimation techniques, evaluate the factors
that affect spot and futures prices of crude oil using empirical data.
a. Examine the effect of speculation and manipulative buying by the OPEC
on the futures price of crude oil.
b. Examine the effect of political and economical shocks on the futures price
of crude oil.
c. Examining the effect of the futures price of crude oil on its spot price.
12
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&+APTER,,
/,TERATURE 5EVIEW

It has been agreed by many economist that spot prices of crude oil reflect an
image of the economic situation as a whole. Hamilton (1983) showed that increases in oil
prices proceeded every post World War II recession. In particular, Hamilton’s studies
show that unexpected movement in the crude oil prices had negative effects on the
economy. This has been depicted in recent studies also. The high volatility of the crude
oil market negatively affected the stock market. Yet what caused this fluctuation in
prices? From January 2004 to June 2007 the price of crude oil doubled from US$35 to
US$70 per barrel. The price doubled again over the following year to US$140 per barrel.
The answer may be increased demand and speculation. The rise from US$35 to US$70
was mainly due to increase an in demand from the developing countries of the world,
since construction markets had been rapidly growing in these countries which attracted a
lot of businesses leading to the increase in demand for crude oil. Yet the accelerated
increase from 2007 till 2008 was mainly blamed on speculation. This has led the U.S
senate in the summer of 2008 to consider barring the speculators form the crude oil
market.
The OPEC members include Algeria, Angola, Indonesia, Iran, Iraq, Kuwait,
Libya, Nigeria, Qatar, Saudi Arabia, United Arab Emirates and Venezuela. Currently,
these member countries supply around 40% of the world’s oil and have supplied 35% to
40% at least during the last decade. The members of the OPEC are developing countries.
13
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Before mid-2004, speeches at the OPEC meetings and conferences seemed to be
characterized by rhetoric of economically rationalized decisions relating to production
levels. For example, many of the production allocation meetings have repeated a statistic
that there was only enough proven oil reserves to last for the next 45 years. This may be
the reason that the OPEC controls the production to the extent that crude oil production is
not high enough to meet the market demand and thus the price of oil was on a rise. This
has led to the rise of prices dramatically. Yet in March of 2008 we see an increase in
production which in many economists opinion led to the fast decrease in prices. Waller
(2009) wondered whether it was lawful to sue the OPEC along with major oil companies,
because it was the cartel behavior that they adopted to raise oil prices so that the OPEC
and non OPEC countries along with the United States, could control supply to raise oil
prices increasing profit while less depleting the oil reserves these countries have. The
answer to Waller came from one of the minister in the OPEC, “Oil prices, however, have
continued to rise during this quarter to levels that have exceeded expectations. This is in
spite of the market remaining well supplied with crude at all times and our Member
countries producing above our organizations agreed levels - something that we have not
discouraged in the light of the present situation. The fact of the matter is that the high
price of oil we have seen in recent weeks has not reflected upstream market
fundamentals….The high prices have been caused by a combination of factors over
which the OPEC has no control - speculation on futures markets, tightness in the US
gasoline market, geopolitical concerns and the higher than expected oil demand growth,
especially in China and the USA”.
Speculators unload their positions depending on what they forecast, and their
14
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actions are to attain profit. So a trader is driven by profit maximizing motive analyzes this
as follows; When the prices are expected to fall in the future, it is better to go short and
liquidate their inventory, and if the prices are expected to rise in the future, then
appropriate the trading strategy is to long crude oil at the current price and store it, so
profits can be attained by going short in the future. This will lead to an increase in
inventory. So if prices are expected to rise in the future, then this will lead to excessive
storage. Now if we turn the table and look at this point in a different way, it is for the
benefit of speculators to increase storage so that the future prices will increase faster and
they can attain more profit.
Now going back to fundamental analysis, if the quantity demanded for crude oil is
less then what is supplied by the marked, then we will have an increase in inventory
which will lead to an increase in price and unless quantity demanded and supplied are at
equilibrium, the prices will continue to rise. This is because crude oil demand is highly
inelastic. Killian and Murphy (2009), argue that the one month elasticity of demand for
oil is -0.25. Thus for the OPEC, private companies, or anyone supplying crude oil, to
increase oil prices by 20%, it will take them to reduce supply by 5% and thus increasing
inventory, which brings the argument that for commodities with inelastic demand,
speculation has a great influence on price (Hamilton, 1983).
Yet a lot of arguments arise when we take the notion of inventory into
consideration. Countries, especially developing (OPEC members), have what is called
precautionary inventory which is storing crude oil for reasons that are not driven by
speculative purposes. This is due to the high political instability and the fact that a greater
demand might arise due to the fast development these countries are experiencing. If
15
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prices of oil are expected to rise in the future, then the resource will be stored today in
larger quantities which will cause the prices to rise today (Hotelling, 1956).

Gibson and Schwartz (1990) suggested replacing the cash price with another
futures price, since they consider that cash prices for oil are not real and derived the
marginal convenience yield. They showed that increased storing which increased the
marginal convince yield led to a volatile price which proves the affect of the futures
market on crude oil prices. They define the lagged futures prices at time1 to dependant on
the lagged futures prices at time2 and the forward rates and the marginal convenience
yield at T2-T1.
Ft,T1= Ft,T2 exp(-Rf ( T2-T1) + MCY (T2-T1)
Rf and MCY are forward rates pertaining to the time of delivery.
They proved that MCY and price moved in a proportionally together during the
period of the study. Although MCY moved on the negative side for a long period in 2005
and 2006, this could’ve been due to speculative actions, yet we don’t see consistent
increase in the spot price.
This validates the argument that when prices moved to reach above the US$100
per barrel in 2008, it was mainly due to demand shocks. This is because the MCY was
positive at this time and one should not blame this increase on the speculators. If the
price movement from US$100 to US$140 was due to a demand shock, then we would
definitely see a positive MCY since the refineries started depleting their storages and
16

Texas Tech University, Rami Elhelou, May 2011
crude oil was introduced to the market to fulfill the increase in demand. Yet this wasn’t
the case. MCY was at lowest negative values at the time when crude oil prices peaked.
This only suggest that speculators were building their inventories expecting the prices to
rise even more and some suggested that oil will reach the US$200 per barrel mark before
the end of 2008. This would of course mean that speculators were in for a lot of profit.
Ripple and Moosa (2007) went further in their research to explain the effect of
open interest and volume on the volatility of crude oil futures prices. Their findings are of
great importance for this paper since open interest has greater explanatory power than
trading volume in showing speculative actions. Open interest is the number of contracts
in the market that have not been closed out yet, thus it increases when the contract first
trades and falls back to zero at the maturity date of the contract. Their contract by
contract analysis showed that open interest was significant and negative in determining
the volatility of crude oil futures prices while the full time series analysis showed that
both the trading volume and open interests have great significance in explaining the price
volatility but the volume’s impact was three times greater than that of open interest. Their
findings are very appealing to this paper since both volume and open interest are affected
by speculation. Furthermore, examining open interest sheds light on speculative action
which plays a major role in the volatility of crude oil futures.
Zhang et al. (2008) argued that high oil prices caused inflation and hurt the
economies of importing countries (e.g. U.S.A and China) and might result in a worldwide
inflation like the one in 2008, while oil price crashes would cause recessions like the one
experienced in 2008 and beyond. Their study was based on the Ensemble Empirical
17
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Mode Decomposition which decomposes time series data into independent and
concretely intrinsic modes based on scale separation. The process was used to show what
causes major fluctuations in oil prices and what causes minor fluctuations in the
commodities price. Their findings go against the belief that speculation and manipulation
are causes of volatility. Zhang et al. asserted that the long run prices were determined by
the price trend and revolve around the long run mean, while price peaks and drops were
associated with global political conditions, supply and demand issues and other
significant events.
Kilian (2008) tested how large the exogenous fluctuations on oil productions
were, how much these shocks affected the price of oil, and how much these supply and
price shocks affect the U.S real GDP growth rate and CPI inflation. He measured supply
shocks by constructing a monthly time series of exogenous oil production short falls and
measuring the change over time in this series thus quantifying the exogenous production
short falls. This quantified data helped in measuring the effect of short falls on oil prices
and macroeconomic aggregates such as the real GDP growth. Kilian tested exogenous oil
shocks from 1973 till 2006 and used counterfactual figures against these shocks. The idea
was to extrapolate production levels in the month right before the shock. This allowed
him to take full account of timing and the variations over time.
Kilian used an OLS regression to test the effect of the shocks in the supply and
price of crude oil on real GDP growth. The results he reported showed that shocks
affected growth negatively after five quarters and the negative growth persists until the
seventh quarter. The same OLS regression method was used to measure the response of
18
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oil shocks on CPI inflation level. The results indicated that there was sharp spike in
inflation three quarters after the shocks, yet the price level didn’t increase significantly.
Thus the shocks didn’t appear to have caused sustained inflation in the period between
1973 till 2006. In estimating the effect of shocks on change in real prices, Kilian found
that exogenous production short falls had little importance in explaining the price
changes of crude oil. The only episode that had an effect on price of oil was the 1980-81
shock which was due to the Iranian revolution coinciding with the Iraq Iran war. Thus
there are other explanatory variables that explain crude oil price changes. For this, Just
and just took other variables into consideration.
In a separate study, Kilian (2007) showed that futures prices could explain
variations in spot prices. Studying the movement in basis, he showed that increased
uncertainty about future supply shortfalls caused the basis to decline and the
precautionary demand for crude oil to increase which caused an immediate increase in
spot prices.
Feder et al (1980) presented a model of the behavior of a firm in the futures
market when it undergoes price uncertainty. They found that the futures price and input
costs only affected the firm’s production decisions and the firm’s involvement in futures
trading. The firm would choose to hedge, take long speculative positions or short
speculative positions depending on what the future spot price would be.

19
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They treated the production decisions and trading decisions explicitly, and
answered the question of how production and futures trade affected the futures price of a
commodity.
In many studies on the theory of the firm under uncertainty, researchers found that
increase in price uncertainty would cause decline in production and increase in expected
prices would increase planned production. In the model presented by Feder et al. (1980),
they included these production decisions and examined the factors that a firm can react to
uncertainty through involvement in futures trading. They proposed that output is affected
by the prevailing futures price and respond negatively to increase in prices of inputs.
Thus planned production would be influenced by input costs and current futures price of
the commodity. This idea proposes that the futures market causes firms to separate
between production decisions and futures market trading decisions and the only
prevailing price is the futures price. This introduces a new idea to the theory of a firm
under uncertainty because it is not based on input prices, uncertainty, spot prices. This
model shows that the firm can now cope with price uncertainty by entering the futures
market and not by changing its output levels.
The second proposition of Feder et al. (1980) is very relevant to this study. Feder
et al. proposed that a firm will speculate by selling short futures contracts if it expected
spot prices to decrease in the future. The firm would buy contracts if it expected prices to
rise in the future or not act at all. Another valid proposition to the research was that
volume of futures contracts was directly related to spot price expectations.

20
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Feder et al. (1980) showed that a firm could separate its production decision from
its futures trading position, and production would start depending more and more on
futures prices. The paper also showed that futures trading seem to be directly related to
the degree of price uncertainty and that the market served as insurance for a firm
undergoing price uncertainty. These conclusions raise some serious questions. What if
policies are imposed on production? What if the producer cannot completely control
factors of production? Will that producer engage in manipulative buying in order to bring
more value to his output?
These questions bring interest in assessing the power that the OPEC has on the
crude oil market. Deaves and Krinsky (1992) attempted and estimated the influence the
OPEC had on the market. Traders who had held contracts during of crude oil futures and
before “good new” generated from the OPEC meating made substatanial returns on their
investments, while traders who held the same long postions before “bad news” generated
from the OPEC meeting made little or no returns, even loses.

21
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Figure 2.1: Investors return after The OPEC meetings
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Figure 2.1 above summarizes the results of Deaves and Krinsky. It is noticeable
that the cumulative average residual for contract returns is increasing on the positive side
of the vertical axis and increasing with the number of days. This also shows that holding
futures contracts for a longer period of time after a “good news meeting” will bring more
returns. On the contrary, returns decrease and are negative after a bad news meeting
which makes appealing for a long holder of oil futures contracts to go short, and the
sooner the better. The overall effect of this phenomenon is that futures contract holders
will start influencing the spot price by either demanding more contracts after good news
meeting or increasing supply of contracts after a bad news meeting.
Simpson (2004) examined crude oil price data ranging from 1997 to 2003 by
implementing a causality test to examine cooperation among the OPEC members and
how efficient they were in the market and if the OPEC members could influence crude oil
prices. Simpson originally used an OLS model to report his findings, but the data showed
not to be stationary, and heteroskedasticity in the error term was present. Simpson,
therefore, applied an ARCH model to solve these problems. The strong explanatory
power of the ARCH model concluded that oil markets in the OPEC countries were
strongly related. Also using a causality test, he found that the causality of the OPEC
prices was stronger than non OPEC prices and U.S prices since they had a higher F
statistic and the relationship was not reciprocated, i.e. the U.S or non OPEC prices did
not affect the OPEC prices. In simple terms, he found that the OPEC markets drive both
the world and U.S markets. His findings also suggested that the OPEC market were not
even weak form efficient since the OPEC markets violated each form of rational
23
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expectations and orthogonality conditions. Thus the OPEC countries were not adjusting
market conditions in an efficient way to keep prices from being volatile.
Simpson (2008) continued to study the effect of the OPEC on oil prices. In this
paper he used an un-lagged data in an OLS regression model to examine prices
movements when the increase in production is positive or negative. The results showed
that production allocations were perceived by the market to change supply and thus affect
prices. The increase in prices had been largely driven by supply manipulations in
reducing production allocations or increase in production that did not meet demand. The
analysis also showed that non-OPEC production and prices as well as the U.S production
and Prices influence the OPEC production allocation meeting outcomes.
Studying futures contracts, Wirl and Kujundzic (2004) presented finding that
were very interesting regarding the OPEC price manipulation. Their findings are very
relevant since they reported that crude oil futures prices increased the weeks immediately
before the OPEC hold meeting recommending price increases. Another interesting
finding of their study was that oil futures prices did not increase in the weeks prior to the
OPEC meeting that didn’t recommend a price increase. Thus the OPEC had been
engaging in some acts in the futures market to increase prices prior to the release of the
information and thus it could influence the futures price of oil through methods that
diverge from increase or a decrease supply. Their finding is relevant to the research done
by Just and Just (2008) to study the effect of the OPEC manipulation in the futures
market which is the basis of this research. . Just and Just constructed a theoretical model
to examine the effect of futures market’s manipulative buying on the futures price, and
24
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the effect of futures prices on spot prices. The model provides a thorough understanding
of how futures market manipulation can increase export returns for an exporting country
or a cartel like the OPEC.
Just and Just(2008) disagreed with Zhang et al. (2008) as they emphasized on the
growing concern of the U.S. congress that futures market manipulation was associated
with the price bubble and it was the OPEC members who drove prices by manipulative
buying in the futures market in order to add value to their Cash market exports. They
argue against the assumption that exchange rates may have played a role in the price
fluctuation showing that exchange rates cannot cause an increase or decrease in prices
that reached more than 100% between 2007 and 2008.They showed that since the CFTC
allowed crude oil futures trading without the obligation of a physical delivery, total open
interest increased by 400%and half of that happened between 2005 and 2007, 45% of that
was due to speculation while speculation accounted for only 5% previously.
Just and Just developed a theoretical model where they used the separation result
to prove manipulation. The idea of the separation result was that a firm (in this case the
OPEC) would separate its production decisions from decisions concerning its actions in
the futures market if it could hedge against output price risks. This separation result was
believed to affect producers, refiners, marketers and inventory holders. The results of
their model showed that manipulative buying by the OPEC in the futures market caused
futures price increase for a given quantity of the OPEC shipments. The price increase
happened because anticipated demand became higher when a huge oil cartel like the
OPEC exerted its buying power in the futures market.
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Just and Just further found that the separation result was dominant when the
increase in the futures price of crude oil drove traders to hold more contracts. Traders do
so because they believe that holding the contracts longer would bring them more profits.
This resulted in an increase for the demand of crude oil futures which raised the price of
crude oil futures. Their results also imply that the OPEC can increase its upward price
pressure when traders become more rational and less emotional, and increased
responsiveness to storage demand will increase price effects of market manipulation.
In the analytical model, Just and Just explained how an oil cartel like the OPEC
could manipulate the market significantly and create a price bubble for crude oil that
would cause a significant effect on traders, crude oil importing and exporting companies,
and the whole economy since crude oil prices mirror the situation of the economy. They
applied a simulation technique to demonstrate that their model was capable of explaining
the OPEC behavior and showed that the cartel used the tools that allow them to control
price and it in fact did manipulate the futures market in order to create a price bubble.
The results show that the OPEC didn’t hedge against declining markets but they used the
futures market to purchase contracts which artificially elevated the net import demand.
The studies presented above relate significantly to this study since most of them
capture the effect the OPEC has on the crude oil market. In this study I will empirically
capture the effect of different variables that the OPEC controls on the cash price and
futures price of crude oil. Most of the independent variables I will present in this study
are explained in the studies above, and the conclusions made by the previous research
above are the basis and starting point for this paper.
26

Texas Tech University, Rami Elhelou, May 2011
&HAPTER,,,
7HEORETICAL )RAMEWORK

In order to examine the factors affecting the price of crude oil and the unusual
phenomenon observed during 2007-08, this study adopts the theoretical model presented
by Just and Just (2008). As explained in the previous chapter, the Just and Just model
captures various factors, including manipulative trading in crude oil futures, that may
affect the price of crude oil. The model is also capable of explaining the 2007-08 crude
oil price bubble. This study, however, derives and empirical model from the theoretical
one and empirically examines the predictions of the theoretical model. This chapter
presents a simplified version of the analytical model presented by Just and Just, and
describes each of the variables used in the analytical model, and sheds light on how the
separation result of the model can be implemented to show that an oil cartel like the
OPEC can separate their production decisions from futures market activities and affect
the price of crude oil.
The analytical model considers an open economy that imports most of the crude
oil it uses from an exporting cartel (the OPEC), and the later has control over quantities
its exports to the open economy. This open economy has a futures market for crude oil
and it holds all stocks in the form of crude oil. Once the crude oil is refined, it is then sold
as gasoline the price of which is determined by the amount of gasoline sold and not by
the ending stock of crude oil. All these assumptions lead to certain elements that are
necessary to understand the model.
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1. The open economy (i.e., the importer) is a price and quantity taker in the cash
market for crude oil.
2. In the cash market for crude oil, the exporter (e. g., the OPEC) is a quantity and/or
price maker.
3. The futures market can affect prices in the cash market, which involves hedging
as well as rational and technical speculation with a hypothetical role for market
manipulation.
Under these assumptions, the model is constructed using a set of variables. Table 3.1
presents the definitions and mathematical notations of the variables used in the model.
Using the variables listed in table 3.1, it is simple to derive a set of equations that
will lead to the conclusion that an oil cartel can manipulate the futures market in order to
push up prices for its own benefit. The equations will represent more assumptions and are
the backbone for proving the theory of manipulation. First, domestic refinery production
of gasoline is the sum of the quantity of oil imports planned before prices are realized by
the OPEC
domestically

and the quantity of oil production planned before prices are realized
minus the change in domestic oil stocks

. Further, the amount of

domestic oil refinement is subject to both domestic oil production shocks

due to

weather and international shocks due to political instability and terrorism

. Thus,
(3.1)

Where

and

with

Equation (3.1) shows that

gasoline production is directly linked to crude oil units required for the production for
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gasoline and the demand for gasoline is directly linked to the demand for crude oil. The
demand for gasoline can be represented as a derived demand for oil,
(3.2)
where

is a random disturbance,

, and the Law of Demand implies that ad > 0

and bd > 0. Equation (3.2) assumes that the demand for gasoline is a linear function of the
gasoline price under the proportional production technology. Domestic equilibrium
requires equal gasoline production and demand in equations (3.1) and (3.2), respectively.
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Table 3.1: Definition of the variables used in the analytical model.
Variable

Definition

gt

Quantity of gasoline refined and sold domestically

q0t

Quantity of oil imports planned before the OPEC realizes
prices

qpt

Quantity of oil production planned before the domestic
economy realizes prices

pt

Price of crude oil
t= St

Change on domestic oil stocks where St is ending
domestic oil stock

-St-1

ht= hdt – hst –
hpt

Net hedging purchase of oil futures contracts for delivery
at t + 1

hdt

Full long hedge by refiners, markets and commercial
users

hst

Full short hedge by inventory holders

hpt

Full short hedge by domestic oil producers

xt

Net amount of speculative sales of oil futures contracts
for delivery at t+1

zt

Amount of manipulative buying of futures contracts for
delivery at t+1

p ft+1

Price of oil futures at t for delivery at t+1

qet+1

Speculators rational expectations for the amount of oil
imports at t+1

q0t + qpt - ∆st+
q

q

t

Amount of oil refinement

t

0

= ε t+ε

p
t

Domestic oil shocks due to weather( ε pt) and
international shocks due to political instability and
terrorism( ε0t)

Source: Just and Just (2008)
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Now we consider two similar equations and the first application of the separation
result since both equations relate to planned domestic production. In the absence of a
futures market and for a certain price pt+1 at time t+1, domestic oil production would
operate as a competitive fringe given the OPEC control of price and plan to produce
(3.3)
The Law of Supply implies bp > 0. Equation (3.3) also holds in the presence of a futures
market and from (3.3) we can derive that a full hedge by domestic oil producers yield
.

(3.4)

In order to prove manipulation, the separation result should also be applied to
inventory holders whose speculative actions are also linked to the futures prices. If an
inventory holder carries crude oil in excess of the convenience yield, the inventory holder
will incur a cost of k(st)= -(as/bs)st + (1/2bs)s2t with bs > 0, and thus profit of carrying oil
stocks till a future time will be (p ft+1 – pt) st - k (st). Through maximization of the profit
equation, it is simple to derive an equation that will show demand for the stock of crude
oil and thus will play a major role in showing whether there was a real demand for crude
oil that pushed the prices over US$ 150 per barrel or was it only perceived demand due to
manipulative buying in the futures market. The first order condition for maximization is
, which implies that the demand for stock is
(3.5)
where

is a random disturbance in behavior of inventory holders,

change in stocks is
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,
Where

(3.6)

and bs represents the marginal reactions of inventory holders to

expected prices change. Applying the separation result from here, a full hedge by
inventory holders corresponding to equation (3.5) would be
.

(3.7)

Similarly, given the demand in equation (3.2), a full hedge by refiners, marketers,
and commercial users would be
(3.8)

.

After formulating equations that deal with hedge positions, we formulate an equation that
deals with net supply of speculative contracts. Even though some speculators are buyers
and some are sellers, speculation is represented by the net supply of speculative contracts
for future delivery following
,
Where

is a random disturbance with

(3.9)
. Equation (3.9) shows that some

speculators bring solid information to the market and base their decisions on rational
expectations making (het – qet+1) represent the amount of their futures contracts, and in
this case θ = 0, while others trade based on emotions or technical rules and in this case bx
(pft+1 – pt) represents the amount of their futures contracts which makes θ = 1. Thus,
equation (3.9) describes he net supply of futures contracts by speculators when a share θ
of trading is based on technical rules and a share 1- θ of trading is based on rational
expectation. Market clearing condition implies that the net supply of futures contracts
traded by speculators should be equal to, ht, the net hedging purchase of oil futures
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contracts for delivery at t +1 and, zt, the amount of manipulative buying of futures
contracts for delivery at t+1. Thus
(3.10)
where zt = 0 corresponds to not allowing manipulative buying of futures contracts by the
OPEC.
From this point forward, some assumptions will be made for the simplicity of the
model. First, qet+1 will be assumed constant which will allow the OPEC’s futures market
activities to become unnoticed. Another assumption would be that futures prices are
behind the rational hedging decisions which cause het= (ad –as – ap) – (bd + bs + bp) pft+1
+bs pt. This also shows that equation (3.10) becomes hdt – hst –hpt + zt= (1− θ)(het – qet+1)+
θbx (pft+1 – pt)

x

t. This

can be presented in expectations as a – bpft+1 + bsxpt +zt/ θ =0

where a= ad – as – ap + ax, and ax= (1- θ)/ θ) qet+1>0 and b=bdp + bsx >0 and bij= bi + bj
for i,j=d, p ,s, x are all for simplicity of notation.
Equations (3.1) - (3.10) can be solved through substitution to formulate new
equations for spot price of crude oil and futures prices for crude oil, which are as follows:
(3.11)
(3.12)
where c≡ 1/(bbd + bs bdp) > 0 and
ξpt]/b, and

= c[b(∆

s
t

–

q

t

d
t)

+(bs /θ)εt],

= [(1/ ) εt +bsx

.

If we take ∂pt/ zt= bsc/ we notice that it is greater than zero which implies that
the OPEC can increase the price of its crude oil shipments when the oil cartel exercises
manipulative buying in the futures market. The separation result used to derive this model
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holds that manipulative buying increases the anticipated demand and anticipated profit of
holding oil futures which will eventually cause a greater demand for the present stock and
thus increases the price of the stock which will be delivered by the OPEC in the present,
thus increasing profitability of current oil deliveries.
Finally,

,

(3.13)

explains some crucial points for the price bubble of crude oil. Because, bi > 0, equation
(3.13) implies that upward price pressure is higher when the domestic economy responds
less to gasoline demand (bd) and domestic production of crude oil (bp) and when
emotional and technical traders respond less (bx) and rational traders respond more (θ is
smaller) while increase in storage demand (bs) increases the effects of manipulation on
prices.
Thus the price bubble can be explained due to the fact that θ is large. This shows
the beginning of the price bubble when most trading was driven by emotions and
technical analysis and not rational analysis. Just and Just (2008) showed that (pt-2 – pft-1)
<0, thus there was great expectations for an increase in the price of crude oil which
inflated the price bubble even more. They further showed that θ was small in late 2008,
which caused traders to speculate that prices would be lower in the future. This would
eventually lead to an aggressive unloading of futures contracts and the demand for oil
contracts decreased and the commodity realized its true demand which caused a decrease
in price and thus the bubble burst.
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CHAPTER IV
THE EMPIRICAL MODEL, DATA, AND ESTIMATION METHODS

4.1 Introduction
The main purpose of this research is to empirically evaluate different factors that affect
the spot prices and the futures prices of crude oil. This chapter derives empirical
counterparts of equations (3.11) and (3.12) in Chapter 3, and provides description of the
data and estimation methods used to evaluate the empirical models. Data for this
research are collected from different online sources namely the U.S energy and
information website, the commodity futures trading commission (CFTC) website, the
New York Times website, the OPEC website, and the British Petroleum website. An
Ordinary Least Square regression estimation method is chosen to predict the price
relationships. Several empirical test procedures, such as the heteroskedasticity test, the
Augmented Dickey Fuller and the importance and results of these tests, and a test for
endogeneity, are employed to validate the empirical specification and estimation method
4.2 The Empirical Model
1. As mentioned in Chapter 3, the theoretical model is based on three basic
assumptions, such as There is a cash market for crude oil, under which the
importer is a price and quantity taker,
2. In the cash market for crude oil, the exporter (OPEC) has a monopoly power so
that it is a price and quantity setter,
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3. There exists a futures market that can affect prices in the cash market, which
involves hedging as well as rational and technical speculation with a hypothetical
role for market manipulation.
These assumptions hold in the empirical model as well. The empirical counterpart of the
spot price equations given by (3.11) can be stated as follows:
.

(4.1)

Where, Pt, Ct, it, and Gt refer to average cash price of crude oil, total consumption of
crude oil, inventory, and Gross Domestic Product of the U.S. at period t. Qt refers to
OPEC production of crude oil at time t, and

refers to crude oil futures price at period

t–4.
Similarly, empirical counterpart of the futures price equations given by (3.12) can
be stated as
.
Where

(4.2)

refers to crude oil futures price at period t, Et, Bt, and Lt refer to OPEC exports

of crude oil, manipulative buying of crude oil futures, and (London Inter-Bank Offered
Rate) LIBOR at time t, and Mt and Dt are dummy variables indicating OPEC production
allocation meetings and production shocks at period t, respectively. The dependant and
independent variables used in equations (4.1) and (4.2) require further explanations,
which are discussed in the following section.
4.3 Data
Primary data for the research was collected from official websites and ranged threw the
time period from 1990 till 2009. All the data collected is in the form of monthly averages
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if the variable (240 observations for each variable). Data for GDP, consumption,
inventory, the OPEC exports to the U.S was all collected from the U.S energy
information website (www.eia.doe.gov, last accessed on March 3, 2011). LIBOR rates
that are for the U.S dollar where collected from the LIBOR homepage
(www.wsjprimerate.us, last accessed on March 3, 2011). Production by the OPEC and
dates for the OPEC production allocation meeting were all collected from the OPEC
homepage (www.opec.org, last accessed on March 10, 2011). Finally the OPEC
manipulative buying of futures contracts figure was derived from data collected from the
commodity futures trading commission website(www.ctfc.gov, last accessed February 26
201)1. The process in which this figure was derived will be discussed below. Finally,
information about crude oil production shocks are collected from the extensive research
done by Kilian (2007, 2008) regarding the effect of oil shocks on prices and on the
history of crude oil shocks. The work of Kilian was summarized in the second chapter
while the history of crude oil shocks was summarized in the first chapter.
Futures Prices
Futures price refers to the price agreed on at present between two parties for a commodity
that will be delivered in the future. The study aims to explain the effect of this price on
the spot prices. Following previous studies, this analysis uses

(lagged 4 periods) in

order to explain the effect of futures prices on spot prices. Steve Miller (1979) used
and

to explain the futures market efficiency in different agricultural commodities.

He has done so in order to examine the effects at the break of the quarter and one month
after the break of the quarter. Mohan and Love (2004) used different lagged periods of
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futures prices to study the role of coffee futures in reducing coffee producers’ price risks.
This study uses the lagged figure because previous literature suggest that lagged futures
prices are more effective in explaining spot prices while using quarterly lags is the most
effective one. It is expected that an increase in futures prices causes an increase in spot
prices.
Spot Price
Spot price refers to the price of the commodity at present. For this study, I use the
average cash price of crude oil across the U.S. Monthly averages were calculated by
taking the average of the weekly spot prices of crude oil during the period of the study. It
is expected that spot prices are mainly moved by futures prices.
Consumption
The amount of crude oil consumed in the domestic economy (e.g., the U.S). It is
measured in thousands of barrels per day. An increase in consumption is believed to
affect the spot prices of crude oil positively. Consumption of crude oil relates to all the
consumption of petroleum products in the U.S. Thus this figure includes gasoline, heating
oil, jet fuel and all other products that are derived from petroleum.
Inventory
It is the amount of crude oil that is left in the domestic economy after consumption. It is
measured in thousand barrels. This figure reflects how much the U.S is storing crude oil
after its exports and domestic production. The importing countries like the U.S increase
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storage of crude oil to protect them from supply shocks that may come from the exporter
so the increases in inventory is expected to increase crude oil spot prices.
OPEC Production
This figure is explained by the change in production (thousand barrels per day) after each
OPEC meeting. This figure coincides with the studies done by Simpson (2008), and it is a
useful variable that shows the effect of OPEC on crude oil prices. It explains the changes
in production by the OPEC, thus this figure will be negative when the OPEC increases
production and positive when the OPEC decreases it. This figure is calculated by
subtracting the production in the previous period from the production in the current
period (T-1-T). It is expected that this figure will increase spot prices as it increases.
Gross Domestic Product (GDP)
Gross Domestic Product (GDP) refers to the aggregate value of all goods and services
produced within a country in a given period. It is considered as a major indicator for the
economic situation and standard of living in a country. Kilian (2008) studied the effect of
price shocks on GDP. This study reciprocates the idea and examines the effect of GDP in
the domestic economy on oil prices. It is expected that increases in GDP increases spot
prices since consumers will have more spending power and may consume more crude oil
products
London Inter-Bank Offered Rate (LIBOR)
The London Interbank Offered Rate is a daily reference rate based on the interest rates at
which banks borrow unsecured funds from the other banks. In particular, the LIBOR rate
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for the U.S dollar is used in this study because this may indicate the magnitude of lending
the banks are involved in and thus will capture increases in investments. This dependent
variable is used to explain the futures price. It is important to note that LIBOR is also
used to explain the spot price but it was found to be an endogenous variable and was
removed from the model. It is expected that increases in LIBOR causes decreases in
crude oil futures price since consumers will have less spending power.
OPEC Exports of Crude Oil to the U.S
OPEC exports reflect how much the OPEC member countries export to the domestic
economy (i.e., the U.S.) and are measured in thousands of barrels per day. These exports
are decided on in the present and thus affect prices in the future since they reflect the
availability of crude oil in the domestic economy. It is expected that an increase in the
OPEC exports to the U.S will cause a decrease in futures price.
OPEC Manipulative Buying in the Futures Market
It is best to consider equation (3.10) in the previous chapter to understand how this
independent variable originated. Just and Just (2008) explained that net speculation
subtracted from net hedging will give the amount of OPEC manipulative buying of
futures contracts under the assumptions presented above. They also explained that net
hedging is total long subtracted from total short positions done by commercial traders
while net speculation is total long subtracted from total short positions added to the total
spread positions done by non commercial users (traders who do not intend to deal with
physical delivery). From the data collected from the commodity futures trading
commission (CFTC), the total amount of OPEC manipulative buying in each period are
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calculated and used in the model to empirically examine its effect on futures prices of
crude oil. Theory suggests that an increase in this figure will cause an increase in the
futures price of crude oil. It is important to note that this figure manipulative buying by
other firms and producers since it is difficult to separate the OPEC manipulative buying
form other manipulative buying empirically.
OPEC Production Allocation Meetings
Occurrence of OPEC production allocation meeting is used as a dummy variable where 1
represents a meeting took place in the given time period (e.g., month), while 0 represents
no meeting took place. This goes in line with the studies done by Wirl and Kujundzic
(2004) and others in studying futures price changes in periods after OPEC meetings.
Production Shocks
Production shocks reflect economic or political shocks that took place in OPEC countries
in a given period. Hamilton (2008), Kilian (2008), and Just and Just (2008) all showed
interest in the effect of production shocks on the spot or futures prices of oil. Shocks are
used as dummy variables in this analysis where 1 stands for periods with political or
economical shocks while 0 stands for periods without shocks. Production shocks are
expected to increase futures price since they cause anticipated supply of the commodity
to decrease.
Table 4.1 presents a summary statistics of the dependent and independent
variables used in this study by calculating the average, the standard deviation, and the
minimum and maximum of each variable along the period of this study.

41

Texas Tech University, Rami Elhelou, May 2011

Table 4.1: Variable description
Variable
Consumption (thousand
barrels/day)

Std.
Dev.

Mean

Minimu
m

Maximu
m

18939

1756

1670

21666

2.47

1.98

-4.1

5.4

931345

61447

824144

1089701

Production change (thousand
barrels/day)

230

1223

-1907

4331

LIBOR (%)

4.25

2.03

0.23

9.13

OPEC manipulation(contracts)

108540

144438

-115806

545660

OPEC Exports (thousand
barrels/day)

153050

21166

107359

198863

Spot price(US$)

35.4

24.2

11.4

133.9

Futures price(US$)

35.4

24.2

11.3

134.2

GDP (%)
Inventory (thousand barrels/day)

Sources : CFTC, U.S energy information, OPEC, wsjprimerate
Note: Shocks and production allocation meeting were not included in this table since they
are dummy variables with binary values (0 and 1).
Number of Observations: 240
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4.4 Estimation Methods
An Ordinary Least squares (OLS) regression method is employed to estimate equations
(4.1) and (4.2). The OLS specifications of the equations take the form of

respectively, with

and

(4.3)

,

(4.4)

, and

,

.

A total of six regression analyses are performed. The first two analyses will
examine the equations (4.3) and (4.4) taking into considerations monthly data ranging
from 1990 till 2009. The third and fourth analyses will examine equations (4.3) and (4.4)
taking into consideration monthly data ranging from 1990 till 2004. Finally, the last two
analyses will examine the equations (4.3) and (4.4) taking into considerations monthly
data ranging from 2005 till 2009. The reason for choosing these periods is to examine if
the factors that affected spot prices and futures prices of crude oil changed during the
periods of the inflation and price bubble (2005-2009). This will give a clearer idea on
what caused the price bubble and if OPEC had anything to do in creating this bubble to
increase returns from its exports.
The OLS method minimizes the sum of squared residuals, thus it minimizes the
squared vertical distance between the observed responses and the predicted linear
approximation. The Gauss-Markov assumptions assure that the use of this method is
valid. One assumption is that there should be no perfect multicollinearity. I have used
SAS statistical program to test for multicollinearity among the explanatory variables. The
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test results were consistent with the Gauss-Markov assumptions that the regressors are
linearly independent. However, two other problems remain to be taken care of. First,
unbiased OLS estimation requires that all explanatory variables are exogenous, i.e., the
variables do not show any endogeneity problem. Second, the data should not exhibit
heteroskedacticity that is the error terms should have a uniform variance. Finally, the
price data should be stationary. Relevant tests are performed using SAS statistical
program. The test procedures and results are discussed below.

4.5 Validity Tests
Augmented Dickey Fuller Test
The decision for using an OLS model must be validated and one way to do so is by
running an augmented Dickey Fuller test on the dependant variables. The purpose of this
test is to examine whether the data is stationary or not. A dataset is believed to be
stationary whose joint probability distribution does not change when shifted in time or
space. If the joint probability distribution changes, than the data is believed to be non
stationary and in this case time series analysis must be used in order for the method to be
valid. I used the PROC ARIMA method provided in the SAS statistical program and
found reasonable evidence to reject the null hypothesis of unit roots and thus the data is
stationary for the dependant variables. The detailed results for the test are presented in the
appendix.
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Test for Heteroskedasticity
The white test and Breusch-Pagan test are performed for all the models. In each test there
is strong evidence to reject the hypothesis of hetroskedacticity for an alternative one. The
detailed results will also be presented in the appendix.
Test for Endogeneity
I also regressed the error terms in each model against the independent variables in order
to test for endogeneity. I found all the results to be insignificant except that for LIBOR
against error terms for spot prices. This result suggests removing LIBOR in order to
avoid the endogeneity problem in the model.
All these procedures done above validate the use of an OLS model and the results
and discussion will be presented in the next chapter.

.
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&HAPTER9
5ESULTS AND ',SCUSSION

5.1 Introduction
The purpose of this study is to examine the drivers of crude oil price. Increase in demand
for crude oil in the Chinese and Indian markets is unable to explain the recent surge in
crude oil prices since their combined consumption is less than half of that the U.S
consumes, and only about 10% of the worlds consumption. In terms of imports, Chinese
imports are under one-third of U.S imports and Indian imports are even less. While the
level of production by OPEC usually plays a major role in increasing oil prices, there was
no dramatic decrease in crude oil production by OPEC during the study period. Figure
1.4 in the first chapter also shows that during the highest peak of crude oil prices in
history, production was at its highest, which shows that the spike in prices during that
time was not due to production shocks. Thus, there might be other factors that caused the
crude oil price bubble.
This chapter examines the variables that affected crude oil prices in the period
ranging from 1990 till 2009. The analysis focuses on the period ranging from 2005 till
2009 to examine the factors that caused the inflation and burst of the crude oil price
bubble. In particular, this chapter presents the results of OLS estimations of empirical
crude oil spot and futures price models (4.3) and (4.4). Each model is evaluated for three
periods: 1990-2009, 1990-2005, and 2005-2009. Finally, the implications of the results
are discussed and, using the coefficient estimates crude oil prices during the study period
are predicted and compared with actual ones.
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5.2 Estimation Results and Discussions
The OLS estimation results for crude oil spot and futures price equations, (4.3) and (4.4),
are presented in tables 5.1 and 5.2, respectively. Both tables present the coefficient
estimates of equations (4.3) and (4.4) for three study periods: 1990-2009 (I), 1990-2005
(II), and 2005-2009 (III). The 1%, 5%, and 10% significance levels for the coefficient
estimates are indicated by asterisks. The standard errors of the coefficients are given in
the parentheses.
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Table 5.1: Coefficient estimates of the factors affecting crude oil spot prices.
Variable / Model

I: 1990-2009

II: 1990-2004

III: 2005-2009

0.80*

0.26

2.41***

(0.079)

(0.318)

(0.0101)

0.0015***

0.0006***

−0.0034

(0.0029)

(0.0104)

(0.442)

0.0001***

0.00003**

0.00024

(<0.0001)

(0.0105)

(0.12)

0.0027***

0.0003

0.0147***

(<0.0001)

(0.73)

(<0.0001)

FP

0.742***

0.901***

0.679***

Model

(<0.0001)

(<0.0001)

(<0.0001)

−96.00***

−33.75***

−134.65

(<0.0001)

(0.0027)

(0.48)

240

180

60

F-Statistics

<0.0001

<0.0001

<0.0001

Adjusted Rsquared

0.807

0.658

0.595

GDP

Consumption

Inventory

Production Change

t-4

Intercept

No. of
Observations

Note: Asterisks ***, **, and * indicate 1%, 5%, and 10% level of significance, respectively. Standard errors
of the coefficient estimates are in parentheses.
GDP is a quarterly figure.
Production change is calculated by subtracting production by OPEC at time T-1 from T.
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While Kilian (2008) showed that oil price shocks affected GDP negatively after 5
quarters, this study hypothesizes that GDP has positive effect on crude oil prices. In
general, the coefficient estimates presented in table 5.1 validate the hypothesis. However,
the effect may not be always significant. While the coefficient estimates for GDP appears
to be significant for the periods of 1990-2009 and 2005-09, the coefficient is not found to
be significant for the period of 1990-2004. More importantly, the magnitude of the effect
appears to be much larger during 2005-2009 compared to that of 1990-2004Thus,
although the effect of GDP on oil prices appears to be low, during times of economic
volatility (period 3) increases in GDP tend to raise crude oil prices.
Consumption shows an interesting point and brings us one step closer in
explaining the causes for the crude oil bubble. The coefficient estimate for this variable is
positive and highly significant for the periods (I) and (II) yet it was negative and
insignificant in period (III). This proves that one of the natural drivers for the prices of
crude oil has no significant effect on its price movement during 2005-09.
Inventory is a major driver of prices of oil since it also includes the inventory of
the domestic economy. It is natural that when a country increases its inventory of crude
oil, the price of the commodity will increase since supply is decreasing and the fear of
supply shocks is increasing. Importing countries increase inventories to protect their
economies from supply shocks that may arise from the exporter thus increases in
inventory increase inventory and causes prices to increase. Table 5.1 shows that in period
III (i.e., 2005-09), inventory affected prices positively but were insignificant. It is natural
for an importing country like the United States to increase its inventory if crude oil to
protect itself from shocks that may take place especially that the U.S is highly dependent
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on oil and OPEC countries are very instable. Yet this value also found to be insignificant
in the 3rd period which shows that prices of oil were driven by unnatural causes.
Production changes (the change in production levels by the OPEC. The value is
negative when OPEC decreases production and positive when the OPEC increases
production since it is calculated by subtracting production at time T-1 from T) refer to how
much changes in production affect oil prices. This estimate is found to be highly
significant for periods (I) and (III) which shows changes in production increase crude oil
prices. This is due to the fact that the domestic economy tends to protect itself from
production changes by taking different measures (inventorying, increasing gas prices,
increasing imports) which may bring oil prices up. The values of the coefficient estimates
also indicate the power that OPEC has on prices of crude oil as the oil embargo can
increase or decrease prices in the U.S. according to their production changes.
The results presented in table 5.1 show that the coefficient estimate for crude oil
futures price (FPt-4) is positive and highly significant for all three periods considered.
Thus, spot price of crude oil increases with its futures price. This is in line with the
common theory about futures prices that they are representation of the spot prices in the
future and that spot prices tend to realize futures prices. The drop in the value of the
coefficient for futures prices during the 2005-2009 can be explained by the fact that
during this time period spot prices were much higher than futures prices four month ago
and long position holders were able to realize profits. In the second half of this period,
spot prices were much lower than their respective futures prices four month ago and long
position holders were accumulating losses. However, the effect of futures prices on spot
prices is strong and obvious.
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Finally, it is worth mentioning that the adjusted R-squared values of regressions
(I), (III), and (III) for crude oil spot prices are 0.80, 0.65, and 0.60, respectively. The Fstatistics for all three regressions indicate that the model is highly significant, thus
implying that the variables have strong power in explaining spot prices.
Table 5.2 presents the regression results for the crude oil futures price equations.
The F-statistics for all three regressions indicate that the model is highly significant. The
adjusted R-squared values of regressions (I), (III), and (III) for crude oil futures prices are
0.69, 0.27, and 0.30, respectively. The low R-squared values of regressions (II) and (III)
for futures price of crude oil may be due to smaller number of observations.
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Table 5.2: Coefficient estimates of the factors affecting crude oil futures prices.
Variable / Model

I: 1990-2009

II: 1990-2004

III: 2005-2009

0.0002***

0.00003***

0.00008***

(<0.0001)

(<0.0001)

(0.0085)

0.14

−0.81***

−0.61

(0.77)

(0.0025)

(0.7329)

0.00004**

0.00001

0.00037**

(0.051)

(0.16)

(0.042)

4.99***

4.44***

1.37

(0.011)

(<0.0001)

(0.86)

3.67*

1.24

4.16

(0.063)

(0.2424)

(.04276)

13.09***

22.39***

−14.27

(0.0012)

(<0.0001)

(0.58)

240

180

60

F-Statistics

<0.0001

<0.0001

0.0002

Adjusted Rsquared

0.688

0.28

0.30

OPEC
Manipulation

LIBOR

OPEC Exports

Production Shocks

OPEC Meetings
Model
Intercept

No. of
Observations

Note: Asterisks ***, **, and * indicate 1%, 5%, and 10% level of significance, respectively. Standard errors
of the coefficient estimates are in parentheses.
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The coefficient estimate presented in table 5.2 show that the estimate for OPEC
manipulative buying in the futures market is always positive and highly significant. The
estimate measures the effect of manipulative buying of one contract. Figure 5.1 shows
that OPEC was involved in buying hundreds of thousands of contracts per month and
thus affecting oil prices by pushing them high enough.
Table 5.2 also shows an interesting relationship between oils futures price and
LIBOR. The estimate is found to be insignificant in both periods (I) and (III) but is
negative and highly significant in period (II). A rising LIBOR usually means that the
Federal Reserve and consequently banks are raising interest rates which affect lending
since fewer individuals and businesses qualify. This phenomenon has a depressing effect
on the economy. Thus an increase is this rate usually means less spending power for
individuals which will lead to a decrease in oils prices. It is also interesting to note
LIBOR was at an all time high in the 1990-2005 period and had a significant affect in
decreasing oil prices, but LIBOR rates were at an all time low during the 2005-2009
period (due to efforts to stimulate the economy) but had no significant affect on oil
prices.
The coefficient estimates of OPEC exports to the U.S. are found to be positive
and significant in periods (I) and (III). The positive sign is interesting to note since the
relationship between this variable and futures prices of crude oil is expected to be
negative. The positive outcome may be due to the fact that non-OPEC exports to the U.S.
Production shocks are found to be highly significant in periods (I) and (II), but not in
period (II). This fact brings another interesting finding. Shocks were dominant in the
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period ranging from 1990 till 2005. This is due to the political shocks such as the first and
second Gulf War, passing through the event of September 11, 2001 and the political and
economical shocks which generated from this event.
The presence of a production allocation meeting tells the same story. The
coefficient estimate is significant (at 10% level) and large in period (I) but insignificant in
period III. This again shows that the natural driver of crude oil futures didn’t affect the
price in period III. It is important to note that the presence of a meeting may not have
such large explanatory power over futures prices, and taking the outcomes of the meeting
may have greater explanatory power over futures prices.
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Figure 5.1: Manipulative Buying of Futures Contracts By OPEC
Source: Commodity futures trading commission at March 3, 2011
www.ctfc.gov/marketreports/commitmentsoftradets.html
Figure 5.1 graphs the evolution of OPEC manipulative buying of futures contracts in the market.
It clearly shows that from 2004 onwards, the oil embargo was not involved in any short selling of
contracts. The amount of manipulative buying reached an all time in 2008 coinciding with the
historical all time high of oil prices.
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The analysis of the coefficient estimates raises a lot of questions about the drivers
of oil prices especially in the 2005-2009 periods. It can be safely said that futures prices
greatly affect spot prices of crude oil but the questions remains about the drivers of
futures prices. The regression results show that in the 2005-2009 periods, crude oil
futures were affected by only manipulation and OPEC exports. Figure 5.2 shows that the
increase in prices wasn’t due to demand or supply shocks because the growth in demand
was met by a growth in supply, and there was never a shortage in supply. Figure 1.4 in
the first chapter also shows that the increase in prices wasn’t due to a decrease production
decreases since at that time production was also at its highest by OPEC even though
historically price increases were mostly due to production shocks.
Figures 5.3 and 5.4 give a reasonable explanation about the increase in futures
prices. Traders were involved extensively in the crude oil futures trading. It is also
obvious that most of the trades were long on futures contracts (compare open interest to
total long). This created a high demand for oil futures which in turn caused prices of the
futures contracts to increase, thus causing the spot prices of crude oil to increase. The
effect of OPEC manipulative buying on this phenomenon can be calculated. If we
consider the estimate of OPEC manipulation and multiply it by the number of contracts
OPEC manipulatively bought then subtract this total form the futures price of oil during
that period, we get prices in the ranges between US$ 65-95 per barrel, which is the price
range that crude oil realized after the bubble burst in 2008 and the economic crisis
dwindled. Thus, OPEC gave traders a reason to increase demand for crude oil futures
through manipulative buying of crude oil contracts in order to increase prices and thus
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make traders perceive an increased chance of profits through holding oil futures and thus
increasing the demand for these futures contracts.
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Figure 5.2: World oil Demand V.S Supply

58

Texas Tech University, Rami Elhelou, May 2011

Figure 5.3: Open Interest in U.S Crude Futures
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Figure 5.4: Total Long Purchases of Oil Futures
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In order to further explain the effect of manipulative buying on crude oil futures, I
have calculated the futures prices of crude oil during the 2005-2009 periods using the
estimates from the OLS regression for the period of 1990-2009. Figure 5.5 shows that
predicted futures prices (PFP) and the actual futures prices (FP) of crude oil had the same
peak, but the PFP continued to stay over the $100 mark since OPEC manipulative buying
persisted during that period (figure 5.1) in order for the oil embargo to restore prices.
Thus, what mainly caused the oil price bubble to inflate were an increase in demand for
oil futures contracts and not an increase in demand for the real commodity. Traders
started to perceive profits from holding oil futures and OPEC continued to increase its
manipulative buying so prices continue to increase and traders can hold and demand
more contracts.
Later, the bubble deflated due to the bad economic situation and a sharp decrease
in the real demand for oil futures (figure 5.6) which was met by the crash in the
automotive industry and the airline industry. At this time OPEC manipulation of the
futures market had no affect on increasing or limiting the decrease in crude oil prices
because the factors that are real drivers of the spot and futures prices played the major
role in the price movement of the commodity. Figures 5.3 and 5.4 also show that the
same mechanism that causes futures price to increase( increase in demand for futures
contracts), caused prices to decrease since supply of contracts increases and demand for
these contracts decreases. It will be interesting to study the economic factors that affected
crude oil prices during and after the economic meltdown and study the effect of OPEC
manipulative buying through that time since figure 5.6 shows that manipulative buying of
futures contracts by OPEC didn’t affect prices during and after the economic meltdown
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period. It is also important to note that spot prices of crude oil moved proportionally with
futures prices indicating that OPEC manipulated the futures market in order to get more
returns from selling its exports in the spot market, but when the bubble deflated and
futures prices of crude oil went down so did spot prices.
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Figure 5.5: Futures prices V.S predicted futures prices of crude oil

Figure 5.6: Demand for crude oil (1990-2010)
Source: U.S energy information administration at www.eia.doe.gov
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Figure 5.7 shows that actual cash prices and cash prices predicted using the coefficient
estimates are moving in the same manner, while the analysis of spot prices showed a
significant effect of futures prices on spot prices. The overall idea is that futures prices
tend to move spot prices of crude oil. Other relevant studies also suggested strong
relationship between lagged futures prices and cash prices of different commodities. Thus
the significance and high value of the OPEC manipulative buying estimate suggest that
the oil embargo was involved in the act of manipulative buying in order to increase
returns on exports. This goes along with the theoretical suggestion proven by Just and
Just (2008) that the OPEC can increase its cash market returns on exports by
manipulating the futures market since the figure shows that the predicted prices of crude
oil moved in the same directions as the real spot prices of the commodity, and the
empirical examination presented in this chapter proved that futures prices tend to move
spot prices and thus causes the historical spike in prices in 2008.
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Figure 5.7: Spot prices V.S predicted spot prices of crude oil
Source: CFTC at www.ctfc.gov/marketreports/commitmentsoftradets.html
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CHAPTER VI
SUMMARY AND CONCLUSION

This research has developed an empirical model consistent to economic theory in order to
identify and evaluate the factors affecting spot and futures prices of crude oil, and also
the relationship between them. The research took an empirical approach to explain the
important variables that moves oil prices mainly in during the inflation and deflation of
the bubble. The empirical models proved a strong relationship between spot and futures
prices of crude oil, and proved the theoretical assumption that futures prices can move
spot prices of the commodity. The analysis also showed that under certain circumstances
the exporter of the commodity can manipulate the futures market to benefit from exports
in the cash market. This assumption was proven by the fact that the OPEC manipulative
buying in the futures market variable was high in value and significant in all three
models. Figure 5.5 showed that manipulation of the futures market by the OPEC had a
strong role in pushing prices, but the bubble deflated in the same mechanism it inflated in
and the increased supply of oil contracts along with a significant decrease in demand
caused prices to drop and diminish the effect of the OPECs manipulative buying in the
futures market.
It is important to note the significant effects of economical and political shocks on
the futures prices of crude oil. More than 80% of these shocks generated from OPEC
countries, yet the effects of these shocks on crude oil futures were insignificant during
2005-2009. OPEC exports and production allocation meeting also had a significant
overall effect on the futures prices of oil. The OPECs effect on crude oil prices is also
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dominant while considering the cash price models since production changes and
inventory showed significance and both variables are related to how much OPEC exports
to the United States. It is important to note that consumption had no significant effect on
cash prices in the 2005-2009 periods which validate the conclusion that the increase in
prices wasn’t due to an increase in consumption or demand for the commodity.
The analysis of both cash and futures prices demonstrate the overall effect of
OPEC in crude oil prices. Manipulative buying of futures contracts explained the
inflation and deflation of the oil price bubble, where the fact resides that the
fundamentals of economics always persist and when prices increase in an irregular
manner, demand for the commodity will decrease and prices will plunge due to the
decrease in demand. Yet the analysis show that OPEC has a strong effect in many of the
variables affecting crude oil prices like shocks, productions meetings, production
changes, volume of exports and inventory. Thus, a domestic economy that depends on oil
exports like the United States should find alternatives other than exports.
The results of this study have several policy implications. First effective monitory
policies on the actions of exporters and traders in the Futures and options market should
be designed and implemented so that exporters as well as traders will not be able to
manipulate the market like OPEC and other traders did in 2007-08. Second, the United
States also needs to reduce its dependency on OPEC countries for crude oil and find
alternative foreign exporters that not subjected to economic and political shocks. One
solution lies in the north of the border, Canada. Canada has recently discovered what is
known as “oil sands” which are oil rich sands, and the reserve is believed to be larger
than the one in Saudi Arabia. The main idea is that the U.S. should find oil exporters
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whose countries are more stable than OPEC countries. Finally, in order to insulate the
U.S. economy from OPEC manipulation, the domestic production of crude oil should be
raised to pre-1973 levels.
Further research on this subject, can consider the factors that played crucial roles
in moving oil prices during and after the economic crisis considering actual supply and
demand of crude oil, and will be interesting. It will also be interesting to relax the
assumption made earlier about the presence of one exporter and study the effect of nonOPEC countries as well as the U.S. production on oil prices.
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APPENDIX
VALIDITY TESTS

Heteroscadisticity test for Spot prices (1990-2009):
Equation

SP

Test

Statistic

DF Pr > ChiSq

Variables

White's Test

168.8

20

<.0001

Cross of all vars

Breusch-Pagan

97.95

5

<.0001

1, GDP_, L, c,

ES, PO, FP4
Heteroscadisticity test for Spot prices (2005-2009)
Equation

SP

Test

White's Test
Breusch-Pagan

Statistic

40.03
26.11

DF Pr > ChiSq

20
5

0.0050
<.0001

Variables

Cross of all vars
1, GDP_, L, c,

ES, PO, FP4
Heteroscadisticity test for Futures prices (1990-2009):
Equation

SP

Test

White's Test
Breusch-Pagan

Statistic

92.57
28.99

71

DF Pr > ChiSq

18
5

<.0001
<.0001

Variables

Cross of all vars
1, L, OM, OE, PM, S
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Heteroscadisticity test for Futures prices (2005-2009):

Equation

FP

Test

Statistic

DF Pr > ChiSq

Variables

White's Test

18.74

12

0.0750

Cross of all vars

Breusch-Pagan

12.72

4

0.0127

1, l, OM, OE, PM, S

Dickey Fuller test for Spot prices:

Type

Lags

Zero Mean

Single Mean

Rho

Pr < Rho

Tau

Pr < Tau

F Pr > F

1

-1.8997

0.3422

-0.75

0.3936

4

-1.1286

0.4507

-0.50

0.4976

1

-9.2136

0.1591

-2.02

0.2784

2.15

0.5236

4

-7.5110

0.2403

-1.75

0.4024

1.69

0.6394
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Dickey fuller test for Futures prices:
Augmented Dickey-Fuller Unit Root Tests

Type

Lags

Zero Mean

Single Mean

Rho

Pr < Rho

Tau

Pr < Tau

F Pr > F

1

-1.9032

0.3418

-0.75

0.3932

4

-1.1019

0.4551

-0.49

0.5015

1

-9.1994

0.1596

-2.02

0.2794

2.14

0.5249

4

-7.3875

0.2476

-1.74

0.4112

1.66

0.6469

`
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