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Abstract 
 
This paper deals with three aspects of spectacular oil price episodes such as the one witnessed 
in 2008. First, the concept of temporary explosiveness is proposed as an empirical method for 
capturing this type of behavior. The application of a recently proposed recursive unit root test 
shows that phases of explosive behavior occurred in 1990/1991, 2005/2006, and 2007/2008. 
Second, the underlying causes of the observed behavior are discussed. The prevailing opinion 
in the literature is that fundamental factors are the main explanation for the 2007/2008 oil 
price hike, but that in 1990/1991, speculative demand shocks also played a role. Third, it is 
shown that temporary oil price hikes influence economic decisions that are based on oil price 
information. For this purpose, a real options model on the oil field development decision is 
reconsidered. The mechanism behind this is an increase in the profitability of the oil field 
development project. In sum, the key contributions of this paper are to highlight a new 
empirical feature in oil prices and to show that economic effects of speculative demand 
shocks can emerge that to date appear to have been overlooked. 
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1 Introduction

Heavy disruptions of the global oil market occur with considerable regularity.

Among the manifold examples are the two oil crises, the OPEC collapse,

the oil price hike associated with Gulf War II in 1990/1991 and, finally, the

episode in July 2008 when oil prices reached a record level of more than 140

USD per barrel. Every one of these disruptions has led to heated debates

in both the public and academic arenas. Considerable effort has been made

to understand both the macroeconomics and the behavior of oil prices, and

this work is well justified for at least two reasons. First, crude oil is still

an important economic input factor and there is a widespread notion that

virtually all economic recessions are associated with increases in oil prices.

Second, crude oil is a fossil resource, the combustion of which is one of the

main drivers of climate change.

The last two oil price hikes mentioned abovethe one that occurred in

1990/1991 and the one in 2008have striking empirical similarities. In both

cases, the observed steep increase constitutes a break with previous behavior,

but after prices returned to the previous level, the previous behavior also

reemerged (see Figure 1). The overall behavior of oil prices is certainly

subject to structural changes. The horizontal movement before and after

the 1990/1991 oil price hike is equally apparent as the upward trending

behavior before and after the 2007/2008 hike. Most recently, oil prices seem

to have stabilized at about 100 USD. Existing oil price modeling at-tempts

do not seem able to capture this type of behavior.

This paper deals with three dimensions of this type of behavior. First, it

attempts to empirically capture this idiosyncratic behavior. The empirical

concept employed for this purpose is temporary explosiveness. The proce-

dure applied is based on the recursive application of a standard unit root test.

The key result of this exercise is that there is evidence of temporary phases

of explosiveness in 1990/1991 as well as in 2005/2006 and 2007/2008. This

finding, standing alone, makes a contribution to the literature on oil price

behavior. However, the paper goes further and addresses two other issues

related to this empirical finding. First, the underlying causes of the identi-

2



0

20

40

60

80

100

120

140

160

1985 1990 1995 2000 2005 2010

Oil prices

Figure 1: Oil prices

fied explosive phases are discussed. The key reference in this regard is the

recent paper by Kilian and Murphy (2013), which shows that in both cases

fundamental factors were important, but that, particularly in 1990/1991,

speculative demand shocks also played a considerable role.1 Second, this

paper shows that important economic decisions are affected by explosive oil

prices. This insight is arrived at based on reconsideration of a real option

model on the oil field development decision under uncertain oil prices. The

key mechanism in this model is that also temporary oil price hikes lead to an

increase in the value of an oil field and thus influence the optimal moment

of development. Thus, the paper highlights an effect of oil price affecting

speculative demand shocks that has not, to date, been addressed.

The paper’s empirical strategy consists of a forward recursive application

of an augmented Dickey-Fuller unit root test. In each step, the null of a

unit root is tested against the alternative of explosiveness. This procedure

is borrowed from Phillips et al. (2011). Monthly as well as daily oil price

1Speculative demand shock is defined as proposed by Kilian and Murphy (2013). The
precise definition is presented in Section 4.
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data spanning 19862011 and 19822010, respectively, are used in the study.

Because of the significance of oil to the world economy, it is no surprise

that the oil price hikes of 2008 generated a heated debate regarding its

causes and consequences. Whether it contributed to the recession observed

after 2008 (Hamilton, 2009), as well as whether it was due to speculative

demand shocks or macroeconomic fundamentals (Kilian and Murphy, 2013),

are among the topics discussed. As the oil price hike coincided with the so-

called financialization of oil futures markets, many believe that this has to be

viewed as a driving force behind the hike. Empirical support for this publicly

popular claim, however, is practically nonexistent (see, e.g., Fattouh et al.,

2013). This finding is also the main outcome of Kilian and Murphy (2013).

However, these authors do show that influences of speculative demand shocks

were present in earlier oil price episodes, particularly in 1990/1991.

This last finding is interesting in itself, but it gains a whole new impor-

tance in the context of how oil price hikes affect economic decisions that

are based on information provided by oil prices. The third dimension of

oil price hikes discussed in this paper is the oil field development decision

under uncertain oil prices, as studied by Miller and Zhang (1996). Phases

with temporarily high oil prices, such as those identified in this paper, lead

to an increase in the value of undeveloped oil fields that affects the opti-

mal development moment. This papers empirical findings, however, suggest

that Miller and Zhang’s (1996) model needs to be recalibrated, the expected

result of which is that the development decision is more responsive to tran-

sitory hikes. Moreover, speculative demand shocks need to be added to the

list of potential causes of temporary oil price hikes. As oil is a fossil resource,

there is the additional effect on current carbon emissions and also, therefore,

current atmospheric carbon concentration.

The remainder of the paper is organized as follows. Section 2 outlines the

empirical method employed in the paper; Section 3 presents the empirical

results. Section 4 discusses fundamental factors and speculative demand.

Section 5 delves into the consequences of the empirical behavior of oil prices.

Section 6 concludes.

4



2 Testing for Explosiveness

The statistical properties of monthly as well as daily oil prices are investi-

gated here using a forward recursive application of an augmented Dickey-

Fuller unit root test. The null of a unit root is tested against the alternative

of an explosive root. Thus, the following equation is estimated:

xt = µx + δxt−1 +
J∑

j=1

ϕj∆xt−j + ϵx,t, ϵx,t ∼ NID(0, σ2
x). (1)

The hypothesis H0: δ = 1 is tested against the alternative H1: δ > 1. Ini-

tially, a subset of the sample with τ0 = nr0 observations is used. In each

subsequent regression, this subset is supplemented by successive observa-

tions, giving a sample of size τ = nr for r0 ≤ r ≤ 1. This procedure yields

a sequence of t-statistics with corresponding p-values. These sequences are

used to identify origination r̂e and collapse dates r̂f of explosive behavior in

the data:

r̂e = infs≥r0{s : ADFs > cvadfβn
(s)}

r̂f = infs≥r̂e{s : ADFs < cvadfβn
(s)}

This procedure is derived from a test for periodically collapsing bubbles

recently proposed by Phillips et al. (2011) as a further-development of

cointegration-based tests for the existence of bubbles.2

This paper uses nominal monthly oil prices from 1982 to 2010 as well as

nominal daily oil prices from 1986 to 2010 (WTI) to test for explosiveness

in oil prices. The following section presents the empirical results.

2Attempting to discover whether or not there are oil price bubbles requires a clear
definition of the fundamental value of the oil price. To the best of the authors knowledge,
no such series exists. Therefore, this paper focuses on the sheer statistical behavior of oil
prices, namely, whether or not oil prices are (temporarily) explosive. Note that the finding
of explosiveness in oil prices has no implication whatsoever as to whether this behavior is
justified from a fundamental point of view.
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3 Results

This section presents the results obtained from applying the test procedure

outlined above to monthly as well as daily oil prices. Initially, the results for

monthly data are considered. The upper panel of Figure 2 displays oil prices

as well as the sequence of p-values. p-values below 5 % indicate rejection of

the null hypothesis. As explained above, for periods in which the null of a

unit root is rejected, oil prices are said to exhibit explosive behavior. This is

the case in particular for 2005/2006 as well as for 2007/2008, but the price

hike associated with Gulf War at the end of 1990 is classified as explosive

as well. While the earlier phase is of relative short duration, the two later

ones are about a year long. Analysis of daily oil prices generally confirms

these results (see Figure 2, lower panel).

The finding of temporary phases of explosiveness adds to the vast litera-

ture on short-run as well as long-run oil price behavior. In the long run, oil

prices are assumed to follow either deterministic (Slade, 1982a; Lee et al.,

2006) or stochastic trends (Slade, 1988). On the short-run behavior front,

a number of recent studies provide evidence of jumps in oil prices (Lee et

al., 2010; Gronwald, 2012).3 Despite the concentrated effort that has been

made to understand oil price behavior, oil price hikes like those observed in

2007/2008 are not well described by any of the extant theories.

In other words, this paper highlights a new empirical feature of oil prices.

Therefore, it is worthwhile to discover the underlying causes of this behavior.

4 On Fundamental Factors and Speculative Demand

In the aftermath of the 2008 oil price surge, a vast literature emerged dis-

cussing its underlying causes. One main focus of this work is empirically

testing the so-called Masters hypothesis, according to which there is exces-

sive trading activity in oil futures markets. This idea is also very popular

with the public and there have already been calls for regulation of oil deriva-

tives markets. However, no empirical support has been found for the Masters

3Among the most prominent explanations for this behavior are low short-run demand
and supply elasticity, as well as political influences (see, e.g., Smith, 2009).
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Figure 2: Explosiveness of monthly and daily oil prices
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hypothesis. For example, Irwin and Sanders (2013) use an extensive dataset

on index fund investment in various commodity futures markets, and employ

different statistical techniques. While their focus is on how financialization

influences futures markets, Kilian and Murphy (2013) specifically analyze

the oil inventory channel. Within their four-variable structural VAR model

(global crude oil production, a measure of global real activity, the real price

of crude oil, and change in oil inventories above the ground), they identify

four different types of shocks: an oil flow supply shock, an oil flow demand

shock, a residual oil demand shock, and, most importantly, a speculative de-

mand shock. This last shock is defined as a shock to the demand for “above-

ground oil inventories arising from forward-looking behavior not otherwise

captured by the model.” The core finding that emerges from their paper

is, as already mentioned, that the 20032008 oil price surge “was caused by

unexpected increases in world oil consumption driven by the global business

cycle.” However, the authors (Kilian and Murphy, 2013), also show that

during oil price episodes in 1979 and 1986, as well as in 1990, “speculative

demand shocks played an important role.” Indeed, the authors calculate

that about “one third of the price increase from July to August of 1990

was caused by speculative demand shocks.” Hamilton (2009) argues that

“a low price elasticity of demand and the failure of physical production to

increase, rather than speculation per se, should be construed as the primary

cause of the oil shock of 2007-08.” Fattouh et al. (2013) provide an excellent

survey of this literature, concluding that “the co-movements between spot

and futures prices reflect common economic fundamentals rather than the

financialization of oil futures markets.”4

4There are some studies expressing the opinion that “speculation” is of higher impor-
tance. Kaufmann and Ullman (2009) argue that there is a fundamentally driven long-term
increase in oil prices, which, however, is “exacerbated by speculators.” In the same vein,
Miller and Ratti (2009) show that there is a “change in the relationship between real oil
prices and real stock prices which may suggest the presence of several stock market and/or
oil price bubbles.” These papers, however, employ a very broad definition of “speculation.”
In consequence, their results are not particularly reliable.

8



5 Explosive Oil Prices and Oil Field Development

In extant work on the economic consequences of oil price shocks, it is pre-

dominantly consequences for macroeconomic activity that are considered.

This paper, however, shines a spotlight on an entirely different issue: de-

cisions that are based on oil price information, particularly the decision to

develop an oil field under uncertain oil prices.

The foundation for studying this issue is Miller and Zhang’s (1996) anal-

ysis of the relationship between transitory oil price hikes and oil field devel-

opment. The point of departure from their analysis is a situation in which

a firm discovers an offshore oil field of a certain size.5 Developing this oil

field involves investing a lump-sum irreversible charge. Once the field is

developed, it is assumed that the extraction rate is geologically determined.

The firm decides when to develop the field. A real option model is used to

analyze the influence of uncertain oil prices on this irreversible investment

decision.

In the basic version of the model, it is assumed that oil prices follow a

continuous Brownian motion with drift:

dPt = αPtdt+ σPtdBt

Based on this assumption, Miller and Zhang (1996) show that the oil

field is developed once oil prices exceed a certain trigger price. This trigger

price is higher than the one in the absence of uncertainty.

Motivated by the oil price hike associated with the Gulf War of 1990/1991,

the authors investigate whether transitory oil price hikes might also lead to

oil field development. Therefore, they augment the price process with a

jump component so that oil prices are now assumed to follow a Brownian

motion mixed with a jump component. In peacetime, prices are expected

to jump up by a certain amount when a war occurs:

5For a detailed exposition of the model, the reader is referred to the original publica-
tion. For a general introduction to investment decisions under uncertainty, see Dixit and
Pindyck (1994).
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dPt

Pt
= αdt+ σdBt + ϕdqNt .

Once the war started, it is expected that oil prices will go down again

once the war is over:

dPt

Pt
= αdt+ σdBt −

ϕ

1 + ϕ
dqNt

Miller and Zhang’s (1996) main finding is that not only permanent, but

also transitory, oil price hikes lead to development of oil fields. These tran-

sitory hikes, however, need to be four times as large as a permanent one to

have the same effect.

Miller and Zhang (1996) assume that transitory oil price hikes are asso-

ciated with wars, occur relatively rarely (every 20 years), and are relatively

short (36 months). In the following, it is assumed that the periods of ex-

plosive oil price behavior and transitory oil price hikes are different ways of

capturing the same phenomenon. Under that assumption, this papers em-

pirical results clearly indicate that, first, transitory oil price hikes can have

causes other than just wars. Second, due to this finding, it is implausible to

assume that oil price hikes will occur only once in 20 years. Finally, the price

hikes can last considerably longer than just 6 months. Carrying forward the

comparative statics in Miller and Zhang (1996), it can be shown that these

different features make oil field development more responsive to jumps.

The effect described here emerges regardless of what is driving an oil

price increase: the key mechanism is an increase in the value of the oil

field. This value certainly also increases if speculative demand shocks simply

lead to an increase in oil prices, but not necessarily an explosive phase. In

explosive phases, however, the effect is stronger.

Admittedly, this paper reconsiders a very stylized model. However, the

model follows a long tradition of adding additional considerations to re-

source extraction decisions made under various forms of uncertainty (see,

e.g., Pindyck’s (1980) analysis of demand and reserve uncertainty). In more

10



recent papers, issues such as uncertainty and the timing of environmental

policies (Pindyck, 2000) are discussed. In addition, oil prices are assumed

to be exogenous.6 Support for this assumption is found in Slade (1982b),

who argues that the influence of single oil production sites on long-run oil

prices is small as such sites are a very small fraction of the market. Clearly,

there is a great deal of scope for further research on this and related issues.

For example, some of these ideas could be extended to literature on optimal

taxation of exhaustible resources, one of the main fields in the area of tra-

ditional resource economics. Indeed, modeling resource extraction decisions

has recently become very popular again. However, insights from the real op-

tions and the oil price behavior literature have not to date been adequately

considered in this literature.

6 Conclusions

Academic studies on crude oil are anything but scarce, but they do appear

to be episodic. The oil crises of the 1970s sparked enormous efforts in inves-

tigating the macroeconomic consequences of oil price shocks. The emergence

of various resource economic studies focusing on the scarcity of resources can

also be linked to these incidents. A recent offshoot of this literature is moti-

vated by increasing awareness of climate change and its consequences. And

there seems to be an almost permanent interest in studying the statistical

behavior of oil prices.

Motivated by the oil price hikes witnessed at the end of the past decade,

this paper contributes to the literature in three ways. First, the behavior

of oil prices is investigated by testing whether or not oil prices experience

temporary explosive phases. Finding that they do, the second contribution

is to provide explanations for this observed behavior based in the literature

on macroeconomic fundamentals and speculative demand shocks. Third,

the consequences of the observed behavior for resource extraction decision

are highlighted.

The key finding that emerges from this study is that oil prices have indeed

6See Pindyck (1981) for another paper that makes this particular assumption.
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experienced transitory explosive phases, notably in 1990/1991, 2005/2006,

and 2007/2008. This finding illustrates that transitory oil price hikes can-

not be considered rare events. Looking at this finding in light of existing

studies on the relationship between this type of oil price hike and oil field

development indicates that the oil field development response is stronger

than previously found in the literature. This result holds irrespective of

what causes the oil price hike, be it fundamentally driven or attributable

to speculative influences. However, Kilian and Murphy (2013) provide at

least some indication that speculative demand shocks can play a role dur-

ing oil price hikes. However, Fattouh et al. (2013) assert that “one of

the problems in this literature and, more importantly, in the public debate

about speculation is that it is rarely clear how speculation is defined and

why it is considered harmful to the economy.” It is hard to disagree with

this statement, but this paper’s empirical findings, in combination with the

identified influence of transitory oil price hikes on the oil field development,

provide some support for concluding that there can be (undesirable) effects

of speculative demand shocks that seem to have been overlooked thus far.

References

Dixit, A.V. and R.S. Pindyck (1994). “Investment under Uncertainty”, Princeton Uni-

versity Press, Princeton, New Jersey

Fattouh, B., L. Kilian and L. Mahadeva (2013). “The Role of Speculation in Oil

Markets: What have we learned so far?”, The Energy Journal 34(3): 7-33

Kilian, L. and D.P. Murphy (2013). “The Role of Inventories and Speculative Trad-

ing in the Global Market for Crude Oil”, Journal of Applied Econometrics DOI:

10.1002/jae.2322

Gronwald, M. (2012). “A Characterization of Oil Price Behavior - Evidence from

Jump Models”, Energy Economics 34: 1310-1317

Hamilton, J.D. (2009). “Causes and Consequences of the Oil Shock of 2007-08”, Brook-

ings Papers on Economic Activity 1: 215-261

Irwin, S.H. and D.R. Sanders (2012). “Testing the Masters Hypothesis in Commod-

ity Futures Markets”, Energy Economics 34: 256-269

Kaufmann, R.K. and B. Ullman (2009). “Oil Prices, Speculation, and Fundamen-

tals: Interpreting Causal Relations among Spot and Futures Prices”, Energy Eco-

12



nomics 31: 550-558

Lee, J., J.A. List and M.C. Strazicich (2006). “Non-renewable Resource Prices: De-

terministic or Stochastic Trends?”, Journal of Environmental Economics and Man-

agement 51: 354-370

Lee, Y.H., H.S. Hu and J.S. Chiou (2010). “Jump Dynamics with Structural Breaks

for Crude Oil Prices”, Energy Economics 32: 343-350

Miller, J.I. and R.A. Ratti (2009). “Crude Oil and the Stock Market: Stability, In-

stability and Bubbles”, Energy Economics 31: 559-568

Miller, M. and L. Zhang (1996). “Oil Price Hikes and Development Triggers in Peace

and War”, The Economic Journal 106: 445-457

Phillips, B.C.P, Y. Wu and J. Yu (2011). “Explosive Behavior in the 1990s Nasdaq:

When did Exuberance Escalate Asset Values”, International Economic Review 52:

201-226

Pindyck, R.S. (1980). “Uncertainty and Exhaustible Resource Markets”, The Journal

of Political Economy 88(6): 1203-1225

Pindyck, R.S. (1981). “The Optimal Production of an Exhaustible Resource When

Price is Exogenous and Stochastic”, The Scandinavian Journal of Economics 83(2):

277-288

Pindyck, R.S. (2000). “Irreversibilities and the Timing of Environmental Policy”, Re-

source and Energy Economics 22: 233-259

Slade, M.E. (1982a). “Trends in Natural-Resource Commodity Prices: An Analysis

in the Time Domain”, Journal of Environmental Economics and Management 9:

122-137

Slade, M.E. (1982b). “Cycles in Natural-Resource Commodity Prices: An Analysis in

the Frequency Domain”, Journal of Environmental Economics and Management 9:

138-148

Slade, M.E. (1988). “Grade Selection under Uncertainty: Least Cost Last and Other

Anomalies”, Journal of Environmental Economics and Management 15: 189-205

Smith, J.L. (2009). “World Oil: Market or Mayhem?”, Journal of Economic Perspec-

tives 23(3): 145-164

13


	CESifo Working Paper No. 4376
	Category 10: Energy and Climate Economics
	August 2013
	Abstract

