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Abstract

This paper investigates the recent evolution of the oil price, with the
objective to analyze the main drivers that during last fifteen years have
led the unstable path and the volatility persistence in the international
oil market. We assume that the oil price is composed by two compo-
nents, deterministic and speculative. The first one can be defined as
the certain one, and it is referred to the fundamental component given
by supply and demand interaction. Di!erently, the uncertain one is
given by unclear changes in the price structure, and it is assumed to
be linked to the speculative activity. Through a structural equation
model (SEM) in a linear reduced form we find that the speculation
in the oil market measured with the real option methodology can
improve the traditional model explaining a consistent part of the oil
fluctuations.

Keywords: structural model, oil price, speculation, volatility, option.

Jel Numbers: C26, C53, Q41, Q47.

!The views expressed in this article are solely those of the authors and do not involve the
responsibility of the institutions of a!liation. All other usual disclaimers apply. Corresponding
author: Claudio Dicembrino. E-mail: dicembrino@economia.uniroma2.it.



Introduction

In this paper we focus on some of the key causes behind the unstable oil
price path, by exploring the stochastic behavior of the World Texas Inter-
mediate (WTI) and Brent oil spot price from January 1994 until December
2009. In particular we aim to analyze the recent dynamics of oil price forma-
tion (Askari, 2009[6]) from both the point of view of its fundamental drivers
and its speculative components. In this regard our hypothesis is that price
movements can be decomposed into two separable set of factors:

1. Demand and supply factors, including production, consumption, OECD
and Non-OECD consumption levels, the Organization of the Petroleum
Countries (OPEC) strategic behavior, and Industrial oil stocks.

2. Factors concerning more specifically the possibility of holding claims
for present or future deliveries in the form of financial and real options.

In order to separate and measure these two components, we develop a
model based on the combination of the theory of demand and supply under
rational expectations, with the theory of real options. To this end, we use
a number of results from real option theory (Dixit and Pindyck (1994)[15],
Stokey, (2009)[53]) to construct econometric estimates of the speculative
components of monthly oil price movements.

Among traded primary commodities, oil is of key importance in world
economies (Bacon 1991[7]), but at the same time, its dynamics in the world
markets has been di"cult to predict and is often appeared chaotic and over-
volatile. Thus, many e!orts have been made to explain the characteristics
and the causes of its price evolution, through several types of economet-
ric models. These models have attempted to explain the behavior of past
oil prices and forecast future prices by applying three di!erent theoreti-
cal approaches: the economics of exhaustible resources, the supply demand
framework and an informal (or hybrid) approach (Fattouh 2007[17]) based
on the combination of the two.

The literature that comes from the theory of exhaustible resources is the
point of departure for a large class of structural models aiming to explain
oil price evolution. Among the most important contributions1 in this field,
Hotelling pioneering work proved that under some restrictive assumptions,
the rise of the rent from a non renewable resource must match the growth

1 For an extensive literature review see Krautkraemer, J.A. 1998 “Nonrenewable re-
source scarcity” Journal of Economic Literature, 36, pp. 2065-2107.
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of the interest rate. (Hotelling, 1931[26]). While Hotelling raised this is-
sue in 1931, his analysis was focused only on the monopoly regime and did
not examine the oligopolistic situation that characterizes oil production and
sales.2 Other works, taking the advantage from developments in the gen-
eral area of decision-making under uncertainty, have posed a richer variety
of questions (Devarajan and Fischer, 1981[14]). Some Hotelling successors
have shown that the spillover e!ects of information and the role of the un-
certainty can take to reduced levels of exploratory e!ort: all the operators
interested in drilling-phase wait with the hope that their neighbor will drill
first (Peterson, (1975)[41]; Stiglitz, (1975)[52]). Salant (1976)[48] examined
both the oligopolistic and the monopolistic regime in the exhaustible re-
sources theory; and at the same time, both the situation prior and after the
formation of the cartel, looking in particular to the role of industrial orga-
nization in the world oil market. By analyzing the oligopolistic structure of
the oil market, Salant claimed that if the marginal extraction cost follows an
upward trend: “not only does the acquisition of several plants by the cartel
provide it with a larger stock of oil than any other firm, but also it enables
the cartel to extract at the same rate for a lower cost. Specifically, when the
oil stock of the cartel is X times that of any other firm, the cartel will be
able to produce at X times the rate of another firm for the same marginal
cost” (Salant 1976 p. 1088[48]). In particular, prior to the formation of
the cartel, each firm behaves competitively; taking the price path as given
and maximizing discounted profits. Here the extraction policy is led by the
di!erence between price and marginal cost that increases at the interest rate
until the supplies are exhausted. Once the cartel is constituted, the excess
of price over marginal cost must grow at the rate of interest until supplies at
each firm are exhausted; afterward it grows at a smaller rate. On the rev-
enue side, the di!erence between marginal revenue (to the excess demand
curve) and marginal costs of the cartel must grow at the rate of interest until
supplies are exhausted. Gilbert (1979)[21] stated that the uncertain owner
follows a conservative depletion policy because he wants to avoid running
out of the resource unexpectedly. Other scholars yet highlighted the general
characteristics of demand required for a monopolist to deplete more slowly
or more rapidly: if elasticity is decreasing as quantity increases, the monop-
olist will deplete more slowly (P.S. Dasgupta and Heal, 1979[11]). Levhari
and Pindyck (1979)[34], on the other hand, pointed out that the assumption
of depreciation is crucial to the Hotellings result, since without depreciation
the resource stock will increase, leading the price down, rather than allowing
it to rise at the rate of interest.

2 In the literature the Hotellings theory is even known as the theory of monopolistic
exploitation of an exhaustible resource, to underline the monopolistic character of the
theory.
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A supply-demand framework expressed through a structural form pro-
vides the second important class of models where the oil market is described
by some key variables as: OECD and non-OECD consumption, OPEC pro-
duction, geological factors (reserves and discoveries), industrial and govern-
ment stocks, oil-substitutes, technological breakthroughs, income elasticities
of demand, OPEC behavior, etc. The reciprocal influence among these vari-
ables and their e!ects on oil prices is modeled by a set of equations, where
each equation represents a distinct mechanism in the system, one that may
be modified by external actions, without altering the others. The structural
economic model put in evidence the role of the equations in defining hypo-
thetical and casual e!ects. As noted by Heckman (2010)[25], “the goal of the
structural econometrics literature, like the goal of all sciences, is to under-
stand the causal mechanisms producing e!ects, so that one can use empirical
versions of models to forecast the e!ects of interventions never previously ex-
perienced, to calculate a variety of policy counterfactuals and to use theory to
guide choices of estimators to interpret evidence and to cumulate evidence
across studies”. These activities require models for understanding causes
and e!ects of the variables taken into account. The variables are usually
divided into two sets, the exogenous variables, whose values are determined
by factors outside the model, and the endogenous variables, described by
structural equations. In section three we will examine several important ex-
amples of structural models applied to the oil market (e.g. Al Faris 1991[4];
Bacon, 1991[7]; Dees et al., 2007[13]; Kaufmann 1995[28], 2004[29]; Krich-
ene, 2005[32]; Ye et al. 2002[54]; 2007, Chevillon 2009[10]).3

Informal (or hybrid) specifications compose the third group of models
characterized by the interaction of several factors combining stock and flow
variables related to the nature of oil as a non renewable resource and supply
and demand factors such as: geological characteristics (reserves, depletion
and discovery), economic components (oil prices and technical changes), reg-
ulatory (the fiscal system), political (sanctions and political turmoil) and
financial (open interest and traded volumes) variables. In this regard, sev-
eral attempts to describe oil price formation and dynamics by combining
all these variables have been elaborated. For example, Moroney and Berg
(1999)[40] have modeled the oil supply as a function of the stock of reserves,
the real price of oil and dummy variables in charge of explaining regula-
tory factors. Green and Mork, (1991)[22] have presented evidence against
the validity of unbiasedness and market e"ciency hypothesis (MEH) of fi-
nancial oil market through an analysis with both financial and regulatory
variables. Bopp and Lady (1991)[8] investigated the performance of lagged
futures and spot oil prices as explanatory variables in forecasting oil spot
price. Serletis (1991)[50] examined the presence of a time-varying premium

3 See table 2: “Principal econometrics models for oil price formation”.
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that worsens the forecasting ability of futures prices. Samii (1992)[49] uni-
fied in a unique framework two di!erent approaches by introducing a model
where the spot price is a function of the futures prices and the interest
rate. Moosa and Al-Loughani (1995)[38] analyzed WTI monthly data from
January 1986 to July 1990 and, by exploiting cointegration between the se-
ries on spot price and three-month and six month futures contracts using
an Error Correction Models (ECM), showed that futures prices are neither
unbiased nor e"cient predictors. Zeng and Swanson (1998)[58] compared
di!erent specifications as such as a random walk, an autoregressive model
and two alternative ECMs each with a di!erent definition of long-run equi-
librium. Gulen (1998)[23] introduced both the posted oil price and futures
as additional explanatory variables in the econometric specification. Morana
(2001)[39] argued that the brent forward price can be an unbiased predictor
of the future spot price, even though in more than 50 per cent of the cases
the sign of the changes in oil price cannot be accurately predicted.

Given this diverse and somewhat fragmented framework, our paper re-
flects both the traditional approach characterized by the demand-supply
framework and other elements non directly observable on the international
oil market. We mix these two aspects in an original approach, which is able
to match the classical via represented by the structural model and the mod-
ern view characterized, in our specification, by the real options methodology.

The paper is structured as follows: the first section reviews the back-
ground and the past 15 years of oil scenario, the global oil markets features
and the determinants behind the oil price structure. The second section re-
views the econometric models on oil prices widely examined over the recent
and less recent literature investigating over the international oil market. The
third section explores our theoretical model of real option theory applied to
oil prices in terms of fundamental and speculative component. Section four
introduces the dataset and illustrates the main economic results. Section
five concludes considering implications for policy and future research.

1 Background, Features and Determinants of The
International Oil Market

1.1 The recent Oil Price scenario: 1995-2010

During the past fifteen years the fluctuations of oil prices have reached
levels never recorded during the history of the international financial markets
(figure 1).
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Figure 1: Wti and Brent spot price path.

Source: Author’s elaboration on EIA and IMF dataset

The extremely high volatility and the sudden raises followed by slower
declines, for a commodity that is so extensively consumed, has a huge impact
on the world economy. The rising cost of oil in fact may cause stagflation by
pushing up other prices and fueling inflation on one hand, and by reducing
demand and increasing unemployment on the other.

Starting with the Gulf War, since 1990 a series of important and dramatic
events (political, financial, technological, geological and strategic) have im-
pacted the oil prices. From the point of view of consumption, demand for
oil, boosted by the growth of the Asian economies, kept rising4 during the
first years of the 1990s. On the supply side, the OPEC had originally in-
creased its production facing the growing demand, but this led to an abrupt
price reduction between 1997 and 1998 when the Asian growth slowed down
due to the financial and economic crisis, and OPEC had to face, at the same
time, a huge oversupply at the same time. In 1999 the prices have increased
again, supported by the OPEC strategy of reducing quotas until the terrorist
attack of September 11, 2001. From 2002 to 2005, the scenario was reversed
since the most important oil producer countries maintained low production
quotas5, while booming international oil demand, principally determined by
India and China, led to a sudden rise in oil prices. Consumption from non-
OECD countries is growing three times faster than in the OECD economies,
and it is expected to surpass OECD consumption during the next decade,

4 Dr. Fatih Birol of the IEA declares that “Demand growth is no longer coming from
the US and Europe but from China, India and the Middle East. Because their disposable
incomes are growing so fast and because of subsides, high oil prices will not have a major
impact on demani growth”(2008).

5 P. Berkmen, S. Ouliaris and Hossein Samiei “The Structure of the Oil Market and
Causes of High Prices” in Volatility in Oil Prices: Causes and Implications. Edited by
Asis Kumar Pain (2005).
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even if at the current scenario, according to the U.S. Department of En-
ergy, the demand is still led by the OECD economies accounting for 60% of
world consumption (EIA 2010)[1]6. In this regard a key role is played by
the growing energy demand of the so called BRIC7 countries, especially by
China and India as key players of the world energy consumption over the
current and future scenarios. During the 1980s China and India together
accounted for less than 8% of the world total energy consumption, but by
2005 their share had grown to 18%. An even stronger growth is projected
over the next 25 years, doubling their combined energy use and presumably
reaching one-quarter of world energy consumption in 2030 (EIA 2009)[2].

These achieved their peak during the summer of 2008, when the WTI
and Brent were at $147 per barrel in mid-July for decreasing again during
the fall to reach $41 per barrel in January 2009. The role of speculation in
this recent turmoil is still a matter of discussion among practitioners and
academics (Kaufmann, 2008[27]; Hamilton, 2008[24]; Stevans and Sessions,
2008[51]).

1.2 Features and Determinants of the International Oil Mar-
ket

Being a tradable good, the oil price follows the evolutions of supply
and demand, increasing when demand rises, and decreasing when supply
abounds. But oil cannot be considered a standard commodity8, because
of the major influence exercised by political and financial factors in a mar-
ket that is both oligopolistic and dominated by a strong cartel, the OPEC
(Chevillon et al, 2009[10]).

The literature on OPEC role and its strategy starts with its origin in the
1970s, (e.g. Salant (1976)[48], Pindyck (1978)[42] and Stiglitz (1976)[52]),
but a renewed interest emerged in the past ten years (e.g. Ramcharran
(2001)[45], Gately and Huntington (2002)[20], Dees (2004)[12], Krichene
(2005)[32]. Although the OPEC is not the only important oil producer,

6In particular, according to the IEA for the next five years some 30 mb/d of new
production capacity needs to be generated to compensate for the decline in production
from existing fields and to meet the growing demand (IEA, World Energy Outlook 2008
p.195).

7The acronym BRIC was coined firstly by Jim O’Neill (global economist at Goldman
Sachs) in a 2001 paper entitled “The World Needs Better Economic BRICs” and it refers
to the countries of Brazil, Russia, India and China.

8 Hamilton. J.D, Understanding crude oil price (2008) “It is sometimes argued that if
economists really understand something, they should be able to predict what will happen
next. But oil prices are an interesting example.of an economic variable which, if our theory
is correct, we should be completely unable to predict” p.7.
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because non-OPEC countries provide global supply at the price market, it
controls production to maintain the price of a basket of crude oils within
a target band. Table 1 presents aggregate figures for the “World Supply
Demand Balance for Oil” from Bacon (1991)[7] to 2010.

In terms of long-term tendencies, the dynamics of the industry has un-
dergone marked changes in the course of the past 20 years. A debate is
ongoing, however, on whether these changes entail a paradigmatic shift (Ea-
gles 2008 p. 151)[16] of supply and demand variables or, alternatively, reflect
longer-term cyclical factors. For the shorter term fluctuations, on the other
hand, we have to analyze not only the demand - supply equilibrium, but
other factors that could take the crude oil price far away from its fundamen-
tals values.

Short-term fluctuations in oil demand depend on several variables, in
particular on the exchange of petroleum derivatives over the market, as well
as the number of open positions and volumes traded. Oil futures, however,
have short-term e!ects on spot prices, and the speculative element in crude
buying has been cited as key reason in driving up prices (e.g. Roll, 1984[47];
Pindyck and Rottemberg, 1990[44]; Pindyck, 2001[43]; Merino and Ortiz,
2005[37]; Kaufmann and Ullmann, 2009[30]).

Political and social factors are an important source of uncertainty af-
fecting principally the physical aspect of oil and the e!ects of its perceived
present and future availability, as in the cases of Iraq (civil war), Iran (threat
of war), Nigeria (guerrilla disorder) and Venezuela (nationalization) (Amenc,
2009[5]). Financial factors such as the devaluation of the dollar, speculative
operations by specialized traders and hedge funds have also been important
in increasing the volatility of oil prices. However, technological changes,
chronic under-investment in currently producing fields and the lack of dis-
covery of important fields during the last three decades (except in Brazil
and Kazakhstan), have played a key role in the recent oil turmoil as well.

The extraordinary price boom and bust ending in the summer 2008 has
captured public and political attention, raising the debate over the energy
community about both the economic and political causes and the conse-
quences of such an abrupt turmoil on the real and financial economy (Hol-
land, 2008[?] Hamilton 2008[24]). One of the more discussed points over
the oil price issue is the “oil prices dichotomy” (Fattouh 2010[18])9, i.e. the
oil seen both as a commodity traded over the physical market where the

9Other economists refer to this dual prospective of oil as the gap between the price of
paper oil (financial asset) and the real wet barrels (oil in physical form). Source: Asis
Kumar Pain: Volatility in Oil Prices: Causes and Implications. The Icfai University Press,
2007.

8



fundamental value is supposed to emerge from the interaction of supply and
demand, and as a financial asset, with traders exchanging their assets to
cover their risky positions and speculative actions.

Focusing our attention on the latest oil shock, two views have emerged
trying to explain the abrupt change in oil prices during the past two years.
The first assigns the responsibility of the rapid surge of the 2008 oil prices
to the structural transformations in the oil market fundamentals. Factors
probably involved in the 2003-2008 increases were, inter-alia, strong demand
growth in non-OECD countries, in particular in Asia and the Middle East,
no growth in production between 2005 and 2007 from the members of the
Organization of the Petroleum Exporting Countries (OPEC), rising costs for
oil exploration and development, increases in other commodity prices and a
weak U.S. dollar. An alternative view does not attribute great importance
to the changes in fundamentals claiming that they have not been su"ciently
dramatic to explain such rapid changes. For example Hamilton (2008)[24]
states: “One can thus tell a story of the oil price shock and subsequent col-
lapse that is driven solely by fundamentals. But the speed and magnitude of
the price collapse leads one to give serious consideration to the alternative
hypothesis that this episode represents a speculative price bubble that subse-
quently popped”. This hypothesis implies further that a financial component
was most probably distorting the oil spot price from the market equilibrium
level10. In this context key oil players span a diverse group of commer-
cial and non-commercial investors. The group of non-commercial traders
has been increasing its number of participants. This is due to the growing
number of operators coming from investment banks and hedge funds who
own energy producing facilities (Stevens at al. 2008[51]). Figure 2 below
suggests that the up-trend of the open interest11 positions during last ten
years (2000 - 2010), which is associated with the evermore widespread use
of financial derivatives over the market.

10See for instance, Commodity Futures Trading Commission (2008), Interagency Task
Force on Commodity Markets Interim Report on Crude Oil; Buyuksahin, B. Haigh, M.S.,
Harris, J.H., Overdahl, J.A. and Robe, M.A.(2008) Market Growth and Trader Participa-
tion in Futures Markets, CFTC-O!ce of the Chief Economist Working Paper.

11Open Interest (OI): is the number of open positions that are still held by the
traders/investors. OI are generally used to measure the success of a contract as a high OI
indicates confidence in the specified contract.OI measures the confidence between Bulls
and Bears. Hence, in a healthy uptrend the OI should increase. During a downtrend, the
OI should also increase. A change in this relationship warns the technicians of a potential
reversal trend. (Source: Bloomberg)
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Figure 2: Number of Open Interest positions in WTI oil price during last 10 years

Source: Author’s elaborations on Bloomberg dataset

Large speculative buying or selling12 of futures contracts can distort the
equilibrium price influencing the fundamental values in the physical market
or lead to excessive price volatility13 (Reigner 2007[46]).

Figure 3 shows how during the 1990s and the early part of this decade,
futures markets were in backwardation, with the far-month contract prices
lower than near-month contracts. Between the end of 2004 and mid-2007,
prices of near and far-month contracts have switched taking the market from
a backwardation to a so-called contango situation (Figure 3). This new oil
market scenario might be explained by the policy of the producer countries
to keep constant their production quotas, in respect of dizzying rises of
consumption oil levels. When the price di!erence between a near-month
and a far-month contract increases exceeding the physical cost of storage,
more expensive future prices provide incentives to firms and speculators

12 Mr. Alan Greenspan states that “there has been a major upsurge in over-the-counter
trading of oil futures and other commodity derivatives (...) Hedge funds and other in-
stitutional investors have accumulated substantial net long positions in crude oil futures,
largely in the over-the-counter market (...) with the demand from the investment commu-
nity, oil prices have moved up sooner than they would have otherwise”. Statement of Alan
Greenspan, Oil Depends on Economic Risks, Hearing before the Committee on Foreign
Relations, U.S. Senate, June 7, 2006.

13The Commodity Exchange Act (CEA) in 2006 states “Excessive speculation in any
commodity under contracts of sale of such commodity for future delivery (...) causing sud-
den or unreasonable fluctuations or unwarranted changes in the price of such commodity,
is an undue and unnecessary burden on interstate commerce in such commodity”.
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to increase their stocks. Since March 2007, high levels of fund activities
in crude markets have increased speculative pressures on prices showing
that speculators in the NYMEX crude oil market have chosen net long,
increasingly high and volatile positions.

Figure 3: Change in the futures market from a situation of backwardation to contango
between 2005 and 2007

Source: Author’s elaborations on Bloomberg database

2 Econometric Models on Oil Prices

A large body of empirical literature has suggested di!erent specifications
of oil price. This literature has produced a significant and wide structural
and non-structural class of models mainly designed to forecast the dynamics
of oil markets. As already mentioned in the introduction, three main model-
ing approaches have been used according to Fattouh (2007)[17]: hybrid (or
informal) models (including financial, physical, regulatory and unobserv-
able components), exhaustible resources models (the commodity is thought
as an irreplaceable asset under depletion) and structural models (represent-
ing causal relationships among the variables under analysis).

We express our empirical structural model by a linear reduced form.
Structural equation models (SEMs) constitute a specific class of models par-
ticularly suited for testing and estimating causal relations through several
combinations of variables in charge of showing potential causal dependen-
cies between endogenous and exogenous variables. These are also called
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simultaneous equation models and the response variable in one regression
equation may appear as a predictor in another equation; indeed variables
in a SEM may influence one-another reciprocally, either directly or through
other variables as intermediaries (Fox 2002[19])14.

One of the first important works on oil prices analyzed through a struc-
tural model, comes from Al-Faris (1991)[4] determining the crude oil price in
function of the economic activity in consuming countries, the exchange rate
between the national currencies of oil-consuming and producing countries,
the US dollar and a variable able to capture the e!ect of market power and
an index of inflation.

Kau!mann (1995)[28], using the real import price of oil as a dependent
variable, models a (not pure) structural model with world oil demand, the
level of OECD oil stocks, OPEC productive capacity, as well as OPEC and
US capacity utilization15. This specification indicates how OPEC can influ-
ence the oil price for the medium and long term adjusting the rate at which
it adds capacity. Dees et al. (2007)[13] set a di!erent model on quarterly
dataset. Paying a particular attention to the analysis of the OPEC behavior,
they use as explanatory variables the OPEC quota, OPEC overproduction,
capacity utilization and the ratio between OECD oil stocks and OECD oil
demand showing how the OPEC influences the oil prices.

Ye at al. (2002[54]), (2005[55]) and (2007[56]) introduce the role of oil
relative inventory levels to forecast the WTI spot price. In particular in
2002, the authors specify a model where oil price is explained in terms of
relative industrial oil stocks level. In 2005 they present a not pure structural
model including relative oil stock levels, the lagged oil spot price, a set of
dummy variables explaining both the structural change of the OPEC be-
haviour in the oil market and the terrorist attack of September 11th, 2001.
In 2007 they add, at the just examined models, a variable that takes into
account the asymmetric transmission of oil stock changes in response to oil
price oscillations. Merino and Ortiz (2005)[37] improve Ye et al. (2007[56])
introducing the speculation (defined as the long-run positions held by non-
commercials of oil, gasoline and heating oil in the NYMEX futures market).
They conclude that with the introduction of the speculation factor in the
oil market it is possible to achieve an improvement in the traditional models

14 Good contributes to the SEMs literature may be found in: Fox, J. (1984), “Linear Sta-
tistical Models and Related Methods: With Applications to Social Research”, New York,
Wiley; Duncan, O. D. (1975), “Introduction to Structural Equation Models. New York,
Academic Press”; Bollen, K. A. (1989). “Structural Equations with Latent Variables”,
New York, Wiley.

15 Capacity Utilization is defined as the ratio between oil production and productive
capacity.
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explaining a big part of the premium during last years (in particular between
mid-2003 and June 2004). Zamani (2004)[57] defines an oil price model con-
sidering as independent variables the OPEC quota, OPEC overproduction,
the relative level of industrial16 and government oil stocks, non-OECD oil
demand and a dummy for the last two quarters of 1990 (Gulf war).

Chevillon et al. (2009)[10] analyze the determinants of the real price of
crude oil by a vector error correction model (VECM). The variables used in
his specification are the OECD (and non-OECD) crude oil demand, OPEC
production quotas, OECD (and non-OECD) crude stocks, OPEC implicit
target for real price. Their estimates indicate that the traditional dynamics
between demand and supply in the oil market are not enough to explain the
turmoil over the last few years. They conclude arguing that a deep analysis
of the trading strategies and speculative components might be assessed to
have a full understanding of the factors behind the recent surge in oil prices.

Table 2 presents a review of the principal structural models widely used
in the oil price literature able to explain the characteristics of oil price for-
mation.

3 A General Option Model For Oil Price Forma-
tion

We start by hypothesizing that speculation is not merely an attempt to
bet on future price movements, but arises from the possibility of exploiting
waiting-learning-and-acting strategies to take advantage of the information
released by the passing of time. At any point in time, in fact, uncertainty
on future price levels confers values to the holding claims or promises on
future delivery (or on deliveries on di!erent states of the world). These
values go beyond the mere use values deriving from demand and supply
fundamentals, in that they reflect the earning prospects of di!erent rights
(promises or claims) on contingent deliveries. If they can be extricated from
the market values that are ridden by long term fundamentals, therefore,
they can be measured as call or put options of various sort. While both the
fundamental and the speculative component are thus of stochastic nature,
their separability depend on the fact that they respond on two di!erent
patterns of market behavior: (i) the need to balance long term demand
and supply for the fundamental component (Kilian, 2009 [31]) and (ii) the
equilibrium between claims and promises for contingent deliveries for the
speculative component.

16 Relative level of industrial (goverment) oil stocks is calculated as the di"erence be-
tween the actual level and the normal level of industrial (government) oil stocks.
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Consider the case of a single commodity traded on the international
markets. Trade consists in material exchange as well as in taking long and
short positions for future deliveries in the financial market. This implies that
the commodity may be seen as a form of contingent wealth that is “held”
long or short by traders. Under these conditions, purchasing one unit of
the commodity at a price P implies gaining a value equal to a fundamental
price component of the price P ! (reflecting expected equilibrium between
demand and supply) and a speculative component F(P) reflecting the option
to sell at a higher price. Assume that price follows a stochastic process of
the geometric Brownian motion variety:

dP = !Pdt + "PdZ (1)

where ! and " are the drift and the volatility parameters and dZ is a
random variable such that EdZ = 0 and EdZ2 = dt . The main reason
why the oil price may behave stochastically is that it is the price of a com-
modity, which is traded in the international markets and, as such, trucks
fundamentals subject to external shocks a!ecting its trade (Dixit, 1994,
p.29[15]). However, the drift of the process may correspond to a fundamen-
tal component, in that it may reflect both a trend in demand and supply as
a consequence of market equilibrium.

Consider an oil producing country, whose net revenues from export is
obtained through a single enterprise, at international prices (in US dollars)
is PQ(k) , with Q"(.) > 0 and Q""(.) < 0 denotes domestic capital stock; no
depreciation is assumed and units of measure are chosen such as the domes-
tic price of capital is one.

Indicate with # the risk free rate of interest and with Idt=dK the irre-
versible investment, assumed to be constituted of imported goods (machin-
ery and other industrial goods) and whose price is taken as the numeraire.

The optimal value of the country activity from oil producer will be ob-
tained by maximizing the net present expected value of its cash flow:

V (K, P ) = maxdkEt

!" #

t
exp

#
"

" s

t
#(u)du

$
[PQ(K)" I)] d$

%
(2)

where Et indicates the expectation conditioned upon the set of informa-
tion available at time t. The Bellman optimality condition for the firm can
be stated as follows:

#V dt = max {[PQ(K)" I)] dt + E [dV (K, P )] dt} (3)
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Applying Ito’s lemma, we obtain:

EtdV (K, P ) = (VkI + Vv!P + VPP "2P 2)dt (4)

where small subscripts indicate partial derivatives.

Substituting into (3) and dividing by dt :

#V = maxdk {[PQ(K)" I]}+
&
VkI + VP !P + VPP "2P 2

'
(5)

The solution of the maximization of the RHS of (5) with respect to
I yields the optimal condition for capital investment: VkdI = dI , which
implies Vk = 1 , namely, that at the optimum, the marginal value of invest-
ment must be equal to unity. This condition, once applied to (5) implies the
following di!erential equation:

#V = PQ + VP !P +
1
2
VPP "2P 2 (6)

In order to solve this equation we first solve the homogeneous part,
hypothesizing that the resolving function has the form:

V = AP !i (7)

where A is a constant to be determined.
By substituting into the homogenous part of equation (6) the value of

the function in (7) and its derivatives, we obtain a characteristic equation
whose two roots are given by the expression:

%i =
1
2
" (#" &)

"2
±

()#
#" &

"2

$
" 1

2

*2

+
2#

"2
(8)

In order to derive a general solution of equation (6), we must add to the
solution of the homogenous part a particular solution. A meaningful partic-
ular solution can be specified by noting that the fundamental value of the
firm equals to the present value of its cash flow: P Q

" where " = # " !. By
adding this value to the contingent part in (7), we obtain:

V = P
Q

&
+ AP !i (9)

Equation (9) implies that, by following the optimum investment rule, the
value created by oil production equals the expected present value of optimum
profit plus a contingent value. This contingent value reflects the speculative
opportunities as P # $ (Dixit and Pindyck, 1994, p.181-182[15]) i.e. the
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speculative bubbles that may be associated with an expected appreciation of
the commodity that may lead operators to value the exporting activity above
its fundamentals. An alternative way to interpret the contingent value,
however, is to assume that it reflects a call option value (Calcagnini and
Saltari, 2000 [9]), since it is associated to the opportunity for the enterprise
to grow through an increase in investment if oil price increase. Dividing
both sides of (9) by the producing level Q , we obtain:

V

Q
= P ! =

P

&
+

A

Q
P !i (10)

Equation (10) implies that the observed level of the oil price (i.e. the unit
value of production) can be decomposed into two parts: (i) a fundamental
price component, representing the present value of future revenues and, (ii)
an option value depending both on the level and the volatility of such a
component. Assuming that the demand function is also a function of the
fundamental component with a constant elasticity:

Q = BP$# (11)

under the market equilibrium, equation (10) can be re-written as:

V

Q
= P ! =

P

&
+

A

Q
P !i$# (12)

Our strategy to estimate the two components of market prices is as follows.
We can write (10) as:

P !
t = Pt + AP !i

t + ut (13)

where V (P ) = P ! is the price observed, P corresponds to the “fundamental”
price, %i is the speculative component and ut is a well behaved random dis-
turbance. %1 is positively related with the price level and can be expected to
prevail during the periods in which the market is driven by price growth ex-
pectations. Conversely, %2 is negatively related to price levels, which would
prevail in the opposite case when expectations of price declines characterize
the market. Assume now that fundamental price can be estimated through
a series of explanatory variables:

Pt =
n+

i=1

aixi,t + vt (14)

Substituting the (14) into the (13) we obtain:

P !
t =

n+

i=1

aixi,t + vt + A

,
n+

i=1

aixi,t + vt

-!i

+ ut (15)
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Let us denote the unobserved component with zt

zt =

.

/A

,
n+

i=1

aixi,t + vt

-!i

+ ut + vt

0

1 (16)

Substituting the (16) into the (15) we have:

P !
t =

n+

i=1

aixi,t + zt (17)

We can estimate a first stage value 2P of P , by regressing P ! on the x
"
is. We

can then estimate AP !
t + ut in (15) by substituting 2P for P. We can then

estimate the additional regression:

P !
t " 2Pt = A 2Pt

!i + 't (18)

where P !
t " 2Pt = 2zt and %i is the positive or negative solution of equation

(8), with "2 determined by the variance of the GARCH (1) (Agnolucci, P.,
2009) [3] process on the WTI (and BRENT) oil price (lag 1); # is the risk-
free interest rate17; and ! = (#" ") can be interpreted as the trend of the
commodity price.

3.1 The Dataset

We estimate our structural model through a sample of 192 monthly price
observations from January 1994 to December 2009. The structural specifi-
cation examines the relation between the spot price of a barrel of WTI crude
oil18 (WTI) first and Brent (BRENT) secondly as dependent variable, i.e.
the price negotiated for immediate delivery on the physical market, and a
series of explanatory variables. Following Manera et al. (2007)[36] approach
we regress the WTI and BRENT on a series of explanatory variables as the
world consumption (WorldC); OECD production (OecdP); OECD industrial
stocks levels with one lag (IndOecdStock(-1)) as endogenous variables and
a series of instrumental variables as the exchange rate US dollar/Mark until
2001 and US dollar/Euro since 2002 to December 2009 with one lag (ER(-
1)) considering that a weaker dollar makes each barrel of oil more expensive;

17 We have chosen the Fed-Funds 10 years as risk-free rate of discount (Source: St.
Louis Federal Reserve System Fred database).

18Three principal kinds of oil are exchanged all around the world: North Sea Brent,
West Texas Intermediate (WTI) and Dubai. All of three have or a specific production or
a particular trading location. The WTI and Dubai are principally traded in the United
States and Asia, while in London where it is based the ICE Futures exchange (previously
known as the International Petroleum Exchange, or IPE), the Brent is used to specify two
thirds of crude oil exchanged worldwide.
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the 10 Years US Treasury (TR); the step dummy (D99) equal to one from
1999 onwards and zero before 1999 which accounts for a structural change
of the OPECs behaviour in the international oil market; the September 11
(September 11) variable for the terrorist attack e!ects of September 11th
2001; and a variable for the financial crises of 2008 (crises08) that might
have stressed the oil price trading.

The data-sources are the International Monetary Found (IMF), the En-
ergy International Association (EIA) and the Federal Reserve Economic
Data (FRED) database of the Federal Reserve Bank of St. Louis.

Prior to estimation, we have checked out for the presence of unit roots in
anyone of the variables presented in the analysis using standard Augmented
Dickey-Fuller tests (table 5). We found that all the variables examined are
integrated of order one I(1), with the exception of industrial OECD stocks,
total and Oecd production that are stationary or I(0).

Figure 4: Plots of the independent variables entering the analysis.

Source: Authors elaboration on IMF, EIA and FED dataset

3.2 The Estimation Strategy and The Econometrics Results

Considering that we have assumed that the oil price depends on a series
of explanatory variables xi in a reduced form linear equation, we formalize
the expression

3n
i=1 aixi,t in (14) with the key variables that, according to

the literature, play a fundamental role in determining the oil price. The
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reduced form linear equation is given by the expression below:

Pt = !0 + !1WorldC + !2OecdP + !3OecdIS("1)+
+ !4TOTP ("1) + !5WorldC("1) + !6TR + !7ER("1)+
+ !8NATGAS("1) + !9D99 + !10Crises08 + !11Sept11 + ut

(19)

The above equation develops the expression in (14) where the xi repre-
sent the key independent variables used to determine the oil price. Other
minor factors are relegated to the stochastic disturbances ut. Considering
that we are estimating this model through a two-stages IV regression, in the
first stage we regress, as reported in table 6 and 8, (col.1), the WTI spot
price as dependent variables on a series of endogenous variables as well as
world consumption (WorldC), Oecd counties production (OecdP), and Oecd
industrial stock, (OecdIS(-1)); a series of instruments as well as total pro-
duction (TOTP(-1)), world consumption (WorldC(-1)), treasury fund rate
10 years (TR), the exchange rate (ER(-1)), NATGAS (natgas(-1)), and some
independent variables as the dummy variable for the oil structural break of
1999 (D99), the financial crises of 2008 (crises08), and the terrorist attack
of September 11, 2001. The same variables have been used for a regression
having the Brent price as dependent variable (table 8). The validity of the
instruments chosen as regressors in the estimates has been tested by using
the Sargan test of overidentifying restrictions (table 6 and 8). Estimation
results of the model state that the world demand positively a!ects the WTI
and BRENT spot price. The industrial oil stock and the Oecd production
have a negative e!ect on WTI and BRENT oil spot. Overall, the sign of
these variables confirm the Manera et al. (2007, tab.14 pag 41)[36] results.

In the second stage we introduce the speculative component (table 6 and
8, col.2-3-4) given by the characteristic equation (8):

Pt = !0 + !1WorldC + !2OecdP + !3OecdIS("1) + !4TOTP ("1)+
+ !5WorldC("1) + !6TR + !7ER("1) + !8NATGAS("1) + !9D99+
+ !10Crises08 + !11Sept11 + +!12%i + ut

The above equation is estimated by using a GARCH procedure on the
residuals of the first stage regression to estimate the betas and by utilizing
the same instruments as in the first stage equation to obtain the second
stage estimates. The final empirical findings can be summarized as follows:
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• The basic-structural model (19) has a good predicting power;

• The model with the speculative components (20) has a higher explana-
tory ability than the basic structural model (19).

• The speculative components appear to have played an important rule
in the oil price path, particularly for the higher and lower peaks of our
time series considered (table 7 and 9).

In any regression both the positive and the negative component show a
high level of significance improving the original structural model (column
1, table 6 - 8). As the price elasticity estimates show (Table 7), the per-
centage impact of a 100% change in the demand and supply variables on
oil prices varies around 8% at the average point, while it increases approx-
imately at 13% at the maximum price level. At this point, the speculative
components, whose e!ect at the average is small, account for more than
17% of the overall price change. The estimates of Brent elasticity (Table 9)
provide a 100% change varies around 18% for supply and 12% for demand
components; while the demand component is lower at the minimum, and
higher at the maximum point, respectively 9% and 19%. At the average
point, the speculative component accounts for the 12%, while it increases at
maximum price level, reaching almost the 20% of the overall price change.
Table 10 (a,b) present the results for the Extreme Bound Analysis (EBA)
performed on the IV regressions presented in table 6 and 8. Figures 5 and
6 graphically summarize the main empirical findings showing the behavior
of the residuals of the basic model; the tracking of the basic model with the
one with the speculative components, and the residuals of the GARCH (1;1)
model both for WTI and BRENT.

Table 10a (WTI) and 10b (BRENT) present the results for the Extreme
Bound Analysis (EBA)19 (Levine et al. 1992[35]) performed on the IV re-
gressions presented in the previous tables. The EBA is a particular technique

19The Extreme Bound Analysis has been performed using the statistical software Stata
(edition 10.1). The Eba test on Stata is based on Levine et al. (1992) [35]. The set of
I variables consist of key explanatory variables included in all the regressions run for the
EBA analysis. Both for WTI and BRENT as dependent variables (Table 10a and 10b), the
set of I-variables includes the World consumption (WorldC), the Oecd production (OecdP)
and the Industrial Oecd stock (OecdIS). The M variable is the variable of interest on which
the EBA is performed. Finally, the subset of Z-variables contains all the variables that
are potentially important explanatory variables either for WTI and Brent oil price. Both
for WTI and Brent the subset of M variables is composed by naturalgas (NATGAS),
structural break of 1999 (D99), the exchange rate (EXCRATE), financial crises of 2008
(Crises2008), treasury rate (TREASURY), World consumption 1 lag (WorldC) and the
variance of the garch (1;1) on the residuals of the fundamental regression.
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that involves varying the subset of Z-variables included in the regression to
find the widest range of coe"cient estimates (%) on the variable of interest
(M) that standard hypothesis do not reject. We only allow the procedure to
choose up to three Z-variables from the all variables identified as potentially
important for explaining the oil price behavior. If the coe"cient remains
significance and of the same sign at the extreme bounds, we refer to the
result as “robust” (“fragile” otherwise).

Figure 5: Wti - trend, first di"erences, variance (Garch (1;1)) on residual of basic model.
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Source: Authors elaborations on IMF, EIA and FED dataset

Figure 6: Brent - trend, first di"erences, variance (Garch (1;1)) on residual of basic
model
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Source: Authors elaborations on IMF, EIA and FED dataset

Figure 7: Fitting of the residual of the WTI Structural Model; Comparison between
Observed and Fitted Values, and Arch Variance

Source: Authors elaborations on IMF, EIA and FED dataset
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Figure 8: Fitting of the residual of the BRENT Structural Model; Comparison between
Observed and Fitted Values, and Garch Variance.

Source: Authors elaborations on IMF, EIA and FED dataset
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Figure 9: Elasticity of the speculative components (Beta positive and negative) on the
WTI spot oil price.

Source: Authors elaborations on IMF, EIA and FED dataset

Figure 10: Marginal e"ects of the speculative components (Beta positive and negative)
on the WTI spot oil price.

Source: Authors elaborations on IMF, EIA and FED dataset
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Figure 11: Elasticity of the speculative components (Beta positive and negative) on the
BRENT spot oil price.

Source: Authors elaborations on IMF, EIA and FED dataset

Figure 12: Marginal e"ects of the speculative components (Beta positive and negative)
on the BRENT spot oil price.

Source: Authors elaborations on IMF, EIA and FED dataset
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4 Concluding Remarks

In this paper we have examined the question of the speculative compo-
nent in the oil spot price behaviour, investigating over the causes that drove
the oil price to such an unstable path. Many factors have contributed to the
sudden increase and the subsequent rapid decrease experienced by oil prices
in the recent past. Some of these factors reflect trends of slower growth
in production and more rapid growth in demand, that have generated an
overall tightening of world balances for the commodity over the past decade.
To do so, we have hypothesized that structural changes may be indeed the
most important determinants of oil prices trends and volatility, but that, at
the same time, they are the vehicle for speculative behavior. The larger the
structural changes and the volatility of the fundamentals, the larger specu-
lation tends to be as a driver of further price changes in present markets.

We consider a speculative price component, estimated as a call-put op-
tion on price fundamentals. According with option theory, this component
measures the possibility of holding claims for present or future deliveries in
the form of financial and real call put options. This result is not completely
new in the literature of commodity prices in general and oil price in partic-
ular. The impact of speculation, principally by long-only index funds20, on
the boom and bust in commodity prices has been extensively discussed. Roll
(1984)[47], Pindyck and Rottemberg (1990)[44], Pindyck (2001)[43], Merino
and Ortiz (2005)[37], find out that a key part of the variation in commodity
prices cannot be explained only by the demand and supply equilibrium. In
particular Pindyck (2001)[43] declares that adding the speculative compo-
nent among the explanatory variables is an achievable improvement in the
understanding of the short-run market dynamics of oil prices. It can also be
asserted that speculative buying by index funds in commodity futures and
over-the-counter (OTC) derivatives markets could have created a “bubble”
in oil prices (Krugman 2008[33]), with the result that prices level far ex-
ceeded fundamental values at the peak and that the “financialization” itself
(Hamilton 2008)[24] of commodities has been responsible of a speculative
bubble in the price of oil. In this regard many investors bought oil not as
a commodity to exchange, but as a financial asset (in March 2008, com-
modity index trading funds held a quarter trillion dollars worth of futures
contracts). On the other side, the short persistency of the high oil price
levels in the summer 2008 might be interpreted as reconciling the unstable
oil path with the physical side of the market and in particular with the
pressures for growth in petroleum demand from countries like China and

20 Long-only players: This is the definition for operators that buy oil futures and roll
them over as expiry dates approach in order to avoid the delivery of the commodity.
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India and the stagnant production level during last 4-5 years (Askari et al.
2009[6] Kilian 2009[31]).

Our results show that speculative components, measured according to
mathematical option theory, may be at the origin of significant and sizable
e!ects on oil prices, specially for what concerns the episodes of extreme vari-
ations. The speculation issue, however, suggests that further investigation
may be conducted in order to identify the factors a!ecting the speculation
itself. Several possibilities can be conjectured: the first is that speculation
may have been driven by the money invested by large financial institutions,
hedge funds, pension funds, and other investment funds. These institutions
have been pouring billions of dollars into the energy commodity markets,
trying to take advantage of sudden price changes pushing its price far from
its fundamentals. A second reason is that speculation may be just the re-
flection of rational expectations about future disequilibria in the supply -
demand balance. A final possibility is that speculation is the mirror of
geopolitical imbalances in the international markets. Investigating over the
origin of the speculation might thus be necessary to gain a deeper under-
standing of the short and long run factors driving oil prices. More research
is needed, however, to establish whether our findings are robust and can
be interpreted with confidence as something that can be useful not only for
better understanding price dynamics, but also for policy purposes.
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Table 1: World Supply Demand Balance for Oil in 1990 (a) and 2010 (b)

a) World Supply Demand Balance for Oil in 1990 (millions barrel a day)

Supply Demand

OECD 15,8 N.America 18,9

Developing countries 9,9 OECD W.Europe 12,7

Pacific 6,1

Centrally planned economies net exports 1,7 Non-OECD 15,3

Processing gains 1,3 Total Consumption 53

OPEC crude 23

OPEC NGLs 1,9 Government stocks 0

Company stocks 0,3

Errors and omissions 0,3

Total 53,6 Total 53,6

Source: Bacon, R., Modelling the Price of Oil. Oxford Review of Economic Policy, vol.7, No. 2, 1990.

b) World Supply Demand Balance for Oil in 2010 (millions barrel a day)

Supply Demand

N.America 14,6 N.America 23,63

OECD W.Europe 4,5 OECD W.Europe 13,9

Pacific 0,6 Pacific 7,72

Total Non-OECD 30 Non-OECD 41,14

Processing gains 2,2 Total Consumption 86,39

Other biofuels 0,5

OPEC crude 29,1

OPEC NGLs 5,1 Government stocks 0,04

Company stocks 0,15

Errors and omissions 0

Total 86,6 Total 86,6

Source: Authors elaborations on IEA Oil Market Report, June 2010

29



Table 2: Principal econometrics models for oil price formation

Author Dataset Model
Dependent

Independent variables
variables

Oil price (lagged);

Al-Faris 1973-1985 OLS Oil price Level of economic activity in industrialized countries;

(1991) Quarterly Exchange rate;

Dummy variables for supply shocks

World oil demand; Level of OECD oil stocks;

OPEC productive capacity;

Kaufmann 1954-1989 OLS Real import US capacity utilization

(1995) Annual price of oil (defined as the ratio between oil production

and productive capacity); Strategic behavior of OPEC;

Oil shock 74 (dummy variables)

Real GDP index for seven industrial countries

Krichene 1918 1999 VECM Oil price Dummy variable for large swings in oil prices

(2002) Annual Expected real price for natural gas

Real price for natural gas

Opec quota (I.e. quantity of oil produced by OPEC);

Kau!man 1986-2000 VECM Oil price OPEC overproduction (quantity of oil produced which

(2004) Quarterly exceeds the OPEC quota); Capacity utilization;

Ratio between Oil stocks/OECD oil demand

OECD stocks;

non-OECD demand; OPEC supply;

Zamani 1988-2004 ECM Real oil price industrial inventory levels (lagged);

(2004) Quarterly OPEC overproduction,

Deviation from normal level,

Dummy for Iraq world

Days of forward consumption;

OPEC production quota;

Dees et al. 1986-2000 VECM Oil price Quotas (di!erence between OPEC production

(2007) Quarterly and OPEC quotas) Capacity (utilization capacity)

Dummy variables for seasonal adjustments

War (dummy variable for the Persian Guld War)

Jan. 1988 - Oil inventory level (lagged);

Manera et al. - May 2005 OLS Oil price world oil production (lagged)

(2007) Monthly Consumer price index (CPI);

Structural break and 11th September dummy

Real oil price; OECD crude oil demand;

1970-2005 Non OECD crude oil demand;

Chevillon VAR/VEC Oil price OPEC production quotas; OECD crude stocks;

(2009) Quarterly Non OECD crude stocks;

OPEC implicit target for real price

Source: Authors elaborations
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Table 3: Complete list of variables used in the empirical analysis

Variable Sample Frequency Source Acronym

WTI spot price 1/01/1994 - 30/12/2009 Monthly IMF WTI

Brent spot price 1/01/1994 - 30/12/2009 Monthly IMF BRENT

World oil consumption 1/01/1994 - 30/12/2009 Monthly EIA WorldC

Opec production 1/01/1994 - 30/12/2009 Monthly EIA OpecP

OECD industrial oil stocks 1/01/1994 - 30/12/2009 Monthly EIA OecdIS

Total production 1/01/1994 - 30/12/2009 Monthly EIA TOTP

Natural Gas 1/01/1994 - 30/12/2009 Monthly EIA NATGAS

Tresaury Bills 10 years 1/01/1994 - 30/12/2009 Monthly FED TR

Exc Rate
1/01/1994 - 30/12/2009 Monthly FED ER

(US$ - Deutsche Marc/Euro)

Natural Gas 1/01/1994 - 30/12/2009 Monthly EIA NatGas

Oil structural break 1/01/1994 - 30/12/2009 Monthly Dummy variable D99

Financial crises 2008 1/01/1994 - 30/12/2009 Monthly Dummy variable Crises08

Terrorist attack September 11th 1/01/1994 - 30/12/2009 Monthly Dummy variable 10-set

Source: Authors elaborations on IMF, EIA, FED dataset

Table 4: Descriptive statistics

WTI BRENT WorldC OecdP OecdIndStock TOTP TR ER NATGAS

min 11,35 9,82 68,922 19124,97 2350 67,734 0,0242 8,525001 1,43

p1 12,01 10,27 68,922 20299,23 2371 68,051 0,0252 8,53 1,43

p5 14,68 13,1 68,922 20776,69 2449 69,242 0,034 8,86 1,61

p10 17,16 15,23 70,132 21118,64 2481 70,422 0,0374 9,114 1,81

p25 19,71 18,46 73,749 21641,44 2539 74,481 0,0421 10,8295 2,07

p50 28,54 27,3 77,7935 22782,65 2612 77,8485 0,0498 13,065 3,43

p75 56,83 54,02 83,888 23279,78 2664,5 84,193 0,0603 15,062 5,715

p90 73,04 72,51 85,752 23681,12 2723 85 0,0669 16,99 6,75

p95 92,97 92,18 86,138 23809,64 2746 85,403 0,0718 17,862 8,34

p99 133,37 132,32 86,138 23961,83 2781 86,031 0,0781 18,272 10,79

max 133,88 132,72 86,138 24058,1 2797 86,673 0,0796 18,4 11,32

mean 38,94 37,42 78,332 22496,28 2603,255 78,386 0,051 13,122 4,041

sd 25,8 25,81 5,583 979,605 90,429 5,49 0,012 2,716 2,203

skewness 1,45 1,43 -0,099 -0,553 -0,224 -0,19 0,25 0,058 0,903

kurtosis 4,82 4,7 1,721 2,507 2,639 1,792 2,414 2,078 3,311

N 192 192 192 192 192 192 192 192 192

Source: Authors elaborations on IMF, EIA, FED dataset
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Table 5: Augmented Dickey-Fuller tests for macroeconomic variables

Structural
Number of Lags ADF statistic

Variables

WTI 0 -2,223

Brent 0 -4,032

WorldC 0 -1,120

TOTP 0 -1,1958***

OecdP 0 -4,668***

OecdIndStock 0 -2,239

TR 0 -3,721

ER 0 -1,605***

Source: Authors elaborations on IMF, EIA, FED dataset. (***) represents rejection of the null hypothesis of a
unit root at the 0.01 significance level.

Table 6: WTI oil structural model with speculative components

1 2 3 4

WorldC 2.646*** 2.618*** 2.811*** 2.786***

-10,94 -8,82 -11,91 -10,75

OecdP -14.608*** -7.558* -2.426* -2.800*

-5 -1,41 -0,81 -0,7

IndOecdStock(-1) -7.155* -9.186* -3.450* -3.463*

-1,65 -1,57 -1,11 -0,85

Pbetap 0.139** 0.182*** 0.181***

-2,33 -4,05 -3,68

Pbetan 0.586*** 0.660*** 0.652***

-5,43 -7,91 -7,03

Constant 346.583* 226,981 -56,869 -46,011

-1,89 -0,79 -0,39 -0,23

Observations 191 187 187 187

R2 0,784 0,805 0,781 0,813

Sargan test 34.349*** 13.681*** 16.602*** 17.4686***

Absolute value of z statistics in parentheses

* significant at 10%; ** significant at 5%; *** significant at 1%

Instrumented: WorldC oecdp indoecdst(1) pbeta1 pbeta2

Instruments in col. 2: Totp(1) WorldC(1) treasury excrate(1) D99 crises08

Instruments in col. 3: Totp(1) WorldC(1) treasury excrate(1) natgas(1) D99 crises08

Instruments in col. 4: Totp(1) WorldC(1) treasury excrate(1) sept11 D99 crises08

Source: Authors estimates on the structural model without (1) and with (2, 3, 4) speculative components on
WTI spot price
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Table 7: Elasticity of independent variables WTI

Independent Average Elasticity at the Elasticity at the

variable elasticity minimum point maximum point

WorldC 12,56 9,10 17,47

OecdP 8,96 6,51 12,19

IndOecdStock 9,36 6,83 13,01

PBetap 5,18 6,96 5,95

PBetan 7,30 4,48 12,30

Source: Authors estimates of a 100% change in the independent variables over the dependent variable (WTI spot
price)

Table 8: BRENT oil structural model with speculative components

1 2 3 4

WorldC 2.578*** 2.164*** 2.164*** 2.161***

-10,26 -7,7 -7,54 -7,49

OecdP -15.811*** -6.406** -5.602* -5.421*

-5,2 -2,41 -1,89 -1,88

IndOecdStock(-1) -8.486* 1,834 2,811 3,11

-1,88 -0,6 -0,82 -0,96

Pbetap 0.284*** 0.297*** 0.300***

-3,83 -3,8 -3,84

Pbetan 0.457*** 0.472*** 0.475***

-5,67 -5,53 -5,6

Constant 412.146** -58,834 -103,237 -115,089

-2,16 -0,46 -0,7 -0,82

Observations 191 187 187 187

R2 0,7673 0,7066 0,6941 0,6906

Sargan test 30.1644*** 38.116*** 37.283*** 37.4398***

Absolute value of z statistics in parentheses

* significant at 10%; ** significant at 5%; *** significant at 1%

Instrumented: WC oecdp indoecdst(1) pbeta1 pbeta2

Instruments in col. 2: Totp(1) WorldC(1) treasury excrate(1) D99 crises08

Instruments in col. 3: Totp(1) WorldC(1) treasury excrate(1) natgas(1) D99 crises08

Instruments in col. 4: Totp(1) WorldC(1) treasury excrate(1) sept11 D99 crises08

Source: Authors estimates on the structural model without (1) and with (2, 3, 4) speculative components on
Brent spot price
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Table 9: Elasticity of independent variables BRENT

Independent Average Elasticity at the Elasticity at the

variable elasticity minimum point maximum point

WorldC 12,74 9,27 18,55

OecdP 9,09 6,62 12,90

IndOecdStock 9,50 6,93 13,80

PBetap 5,26 7,08 6,31

PBetan 7,55 4,56 13,15

Source: Authors estimates of a 100% change in the independent variables over the dependent variable (BRENT
spot price)

Table 10: Extreme Bound Analysis (EBA) for WTI (a) and BRENT (b)

a)Extreme Bound Analysis (EBA). Dependent Variable: WTI (0.05% - 0.025%)

M-Variable Beta p-value t
Conf.Level

Z Variables Used
Robust/

(0.95) Fragile R/F

PBetap (0.025)
Min: 0,0442 0,033 2,144 0,084 indoecdstock indoecdstock12 D99 R

Max 0,0926 0 5,449 0,126 naturalgas D99 crises08 R

PBetan (0.025)
Min: 0,0407 0,039 2,081 0,0793 indoecdstock indoecdstock12 crises08 R

Max: 0,0729 0 3,74 0,111 indoecdstock naturalgas D99 R

PBetap (0.05)
Min: 0,044 0,022 2,304 0,0825 indoecdstock indoecdstock12 D99 R

Max: 0,089 0 4,716 0,1261 naturalgas D99 crises08 R

PBetan (0.05)
Min: 0,0424 0,045 2,021 0,0838 indoecdstock indoecdstock12 D99 R

Max: 0,0666 0,002 3,097 0,1091 indoecdstock naturalgas D99 R

Source: Authors estimates of robustness analyses of the speculative components on the WTI as dependent
variable.

b) Extreme Bound Analysis (EBA). Dependent Variable: BRENT (0.05% - 0.025%)

M-Variable Beta p-value t
Conf.Level

Z Variables Used
Robust/

(0.95) Fragile R/F

PBetap (0.05)
Min: 0,047 0,031 2,163 0,091 indoecdstock indoecdstock12 D99 R

Max 0,09 0 4,446 0,13 naturalgas D99 crises08 R

PBetan (0.05)
Min: 0,054 0,041 2,055 0,106 indoecdstock12 indoecdstock lexc rate R

Max: 0,079 0,003 2,973 0,1326 indoecdstock naturalgas D99 R

PBetap (0.025)
Min: 0,048 0,001 2,028 0,096 naturalgas D99 crises08 R

Max: 0,092 0,04 3,501 0,145 indoecdstock12 crises08 d bneg0025 R

PBetan (0.025)
Min: 0,05 0,038 2,081 0,098 indoecdstock indoecdstock12 D99 R

Max: 0,082 0,001 3,348 0,131 indoecdstock naturalgas D99 R

Source: Authors estimates of robustness analyses of the speculative components on the BRENT as dependent
variable.
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