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1 Introduction

The world has been increasingly relying on oil asoarce of energy. Despite the
development of alternative energy sources, the dange of oil will clearly not be
challenged in the near future (Figure 1). Consmgeits wide use in different areas, there
is a strong link between crude oil prices and dl&@aP growth. Thus, the fluctuations in
the crude oil price feed directly into the globabeomy. This strong influence on the
global economy is what makes crude oil unique aondiwinvesting time to investigate
the factors driving its price. The correct undardiag of the oil market is not only a
necessity for assessing the implications of oilkeadevelopments but also to develop

appropriate policies to ensure a stable growthohtke world economy.
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Figure 1. World Supply of Primary Energy by Fuel Type

There are a number of theories which characteridepiace formation (cf.
Hotelling, 1931; Hubbert, 1956; Pindyck, 1999; Wi2008 among others). These
theories could be broadly categorized as long farioe formation and short term price
formation theories. In this thesis, short term dgita of oil prices are investigated,

therefore it's worth mentioning some mainstreamagieabout them. In order to



understand the background on which these theoredased, a brief history of the oil

market is presented in the following paragraphs.

Oil was in use as early as the beginning of th& déntury. However it was not
until World War Il that oil was used as the maimue for fuel. Rather in the 1860s it
was used as “a disinfectant, a vermin killer, lndliand boot grease”. Before World War
Il there was a plentiful supply of oil and domealig produced oil was satisfying the
demand in producing countries. In fact, until timel ®f the 1940s, the United States and
Latin America provided the oil used by Europe. Tdmange in the American position
from exporter to the largest importer in the woidda good indicator of how the oil
market and the world economy evolved over timeefsnomies became more and more
dependent on oil a stable supply became a necellsityever, the importance of having

a safe supply of oil did not become clear until \WdNar 11.

In the pre-war period, the major oil companies warerdinating to keep the prices
up which allowed them to accrue large profits. Tisighe period when the so-called
Seven Sistefsemerged. These companies were “integrated”, wimieans that they were
conducting every step of oil supply circuit fromtraction of the crude oil, to its
shipment, refinery processing and final delivergtastomers. Before World War 2 broke
out, Americans paid a significant amount to Saudabfa for an oil concession. The
Saudis were convinced that they sold the Americsansd, as their closest ally, the
British, did not believe that there was oil in theea. For five years they did not notice
that they handed the Americans the largest oil siegp@t the time. At the end of five
years of disappointment Americans discovered dils Tiscovery was perhaps the most
rewarding of all times. At about the same time iarbh 1938, on the other side of the
world, the Mexican government overtook the asséthe western oil companies in the
country. This was the first example of the risksogsated with investing in under-

developed countries.

! Seven private oil companies which possessed mdnppwer in the oil market: Exxon, Shell, BP,
Mobil, Chevron, Texaco, Gulf Qil



With the outbreak of World War Il it became clehat the oil supplied by Saudi
Arabia would not be enough to satisfy global demarite U.S. government gave every
incentive for more companies to enter the SaudketaBoon more American companies
dug for oil in Saudi Arabia. To take advantage leé supply shortage and match the
already ahead American oil industry, the Britistabished a vast oil industry in Iran.

This was the largest British asset in a foreignntguat the time.

In 1951, the Iranians nationalized their oil industvhich was a big blow to Britain
both politically and financially. Naturally, thitepp had its consequences. Prime-minister
Mosaddeq was overthrown by a military coup on 1@usi 1953. Although Mosaddeq
paid a heavy price for his bold policy, he paved way for national oil policies in olil
producing countries. Nationalism kept rising i thliddle East, and the balance of oll
power started to shift. OPEC was formed in 1960ugh the leadership of Venezuela
and Saudi Arabia. OPEC acted unilaterally to rpisees for the first time in 1963.

In 1970, Libya demanded higher petroleum pricegeater share of revenues, and
more weight and rights in the managerial decisimtgss. Foreign petroleum companies
agreed to a more than three-fold price increagterearly 1971. This deal made Libya
the first producing country to force the West toeqt their conditions. In December, the
Libyan government suddenly nationalized the holgliafyBritish Petroleum in Libya due
to a foreign policy dispute. In 1973 the Libyan gowment announced the nationalization
of a minimum of 50% of shares in all other petrabe@ompanies operating in the
country. However, total nationalization was not @ption, given the need for foreign
expertise and funds in oil exploration, productiand distribution. The absolute power of
the American oil giants were over. The Middle Eassumed the control. However, the
major oil companies continued to drive oil pricesnfi the end of World War Il until the
Arab Israeli War (the Yom Kippur War) in 1973. TAeab oil embargo caused a panic in
the West, as oil prices sky rocketed. This waditeeinstance that OPEC fully exercised
its power. It proved to be effective as prices qupbtbd in a matter of months. Western
companies turned elsewhere to find oil. Soon affter search, more oil was being

produced from the North Sea than from many OPEQtr@s.



The Shah fell in the Iranian Revolution in 1979d aestern influence over Mid-
East oil shrank even further. Two weeks after thk &f the Shah, the anti-western
Ayatollah Khomeni came to power, who made it clémat Iran would not be a reliable
source of oil anymore. Indeed, the turbulence &edrévolution interrupted the Iranian
supplies and the second oil shock hit the WesBird1l

This time there was panic but in reality there was a permanent shortage of oil.
Oil touched $40 a barrel, and OPEC felt that itldaaise oil prices at will. It was the
height of OPEC’s market control. In the meantime #fforts of Western countries
started to pay off as oil was discovered at thetiN&ea and in Alaska. By the early
1980s, a quarter of U.S. production was coming fthenfields in AlaskaHigher prices
resulted in increased exploration and productiotsida of OPEC. From 1980 to 1986
non-OPEC production increased by 10 million barpes day. OPEC was faced with
lower demand and higher supply from outside thawiation. By 1983, four years after
the Second Oil Shock, it was clear there were plaitsupply and no increase in
demand, so OPEC had to cut prices. OPEC decidactrtmuce production quotas to
limit production and keep prices up. In 1986, dilcps fell from $29 to $10 a barrel.
Market forces now governed the market, as oil griwere set in the futures markets in
New York (that started in 1983). OPEC was no longehe driver’'s seat. From 1982 to
1985, OPEC attempted to set production quotas loaugh to stabilize prices. These
attempts met with repeated failure as various mesnbEOPEC produced beyond their
quotas. During most of this period Saudi Arabiauassd the lead role as the swing
producer cutting its production in an attempt masthe free fall in prices. By August of
1985, the Saudis were tired of this role becausercDPEC members were not acting
according to their quota commitments. They linkeeir oil price to the spot market for
crude and by early 1986 increased production fromh2l to 5 mbd. Crude oil prices
plummeted below $10 per barrel by mid-1986. Desjpigefall in prices Saudi revenues
remained about the same with higher volumes congpegsfor lower pricesin July
1986 OPEC reinstated quotas and since then OPEhwed to have mixed success in

controlling prices. Despite the mistakes in theirgnof quota changes as well as the



usual problems in maintaining production disciplaraong its member countries, OPEC
continues to play an important role in oil pricenfation.

Based on this brief history, the history of the m@irket can be separated in to the
Seven Sisters period and the OPEC period. Notehfsativision is based on the market
structure and not prices; indeed there was not awsorld price before World War Il as
Adelman notes “There was no world crude oil priefobe WWII..., which in 1948
mandated a competitive market price for crudedd sut of the Persian Gulf to Europe”
(Adelman, 2002).
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Figure 2. Crude Oil Prices (2008 US$)

Following World War Il, the inflation-adjusted pdcoof crude oil was stable and
declining until 1970. As nationalization reachebkwel at which oil producing countries

controlled most of the industry, OPEC took overithle of the Seven Sisters as the price



maker. The rising political tensions and OPEC’s argbes sharply increased the prices
in the 1970s and the oil market stayed quite utestaner after.

Considering the change in the market structure fitoenprivate oligopoly of seven
integrated oil giants (aka “Seven Sisters”) to fitrenation of OPEC, oil price formation
evolved over time. Perhaps it would be more aceuasay that the weights of different
variables in the price discovery function alteregt do the changing roles of the market
players. Other factors, such as the introductiod ewer increasing role of financial
markets on oil prices are also to blame for thetabis oil prices. How much role each
variable plays, has always been a subject of debateever the fact that not all times of
crises were followed by oil price rises indicatattimarket forces dominate the price
formation process after all. A simple investigatafFigure 2 provides the evidence that
price rises cannot always be linked to politicaére. As long as these events do not
disturb the supply and demand balance in anywagepremain at the level required by
the market equilibrium. Just as with political etserany factor has to have some direct or
indirect effect on the demand and supply balancéh WWis in mind, the following
econometric analysis will be designed around véeglwhich are believed to reflect the
demand and supply balance of the market. Howevanust be stressed that human
behavior does influence investor decisions which slraped by the expectations of the
market participants. Note that these expectatioasalso expectations about the demand

and supply balance.



2 Literature Review

Existing studies of oil prices are commonly basedeconometric models which
use variables commonly cited as proxies for madcetditions. One can group these
variables as reflecting the demand and supply ¢tongdi as well as expectations of the
investors. Variables reflecting all three marketditions are used in this thesis. Some of
the recent studies which have used the same vesialsl the ones in this thesis and their
results are discussed in the following paragrapgiten follows a discussion of the

mainstream econometric methods used in oil pricgies.

There is a consensus on the counter-cyclical cgldietween inventories and price
levels (cf. Kaufmann 1995, Balabanoff 1995, Deesakt2004) however the effect and
magnitude of the other variables are disputed mdamic circles. Perhaps the most
disputed of all is the role of OPEC. While thereais agreement that OPEC does have
some influence on the oil prices, the magnitudeggssted are hardly similar. Despite
disagreements about the power of OPEC, there seebesan agreement about a decline
in OPEC’s power in recent years. Merino and Or#@06) find that OPEC marginally
influences the price due to the lack of spare aapsx cope with a significant disruption
of supplies. This situation has not changed sihes tas Roubini (2008) and Kesicki
(2009) note that the absence of significant spapadty inside OPEC constrains the
ability of the cartel to control prices. These dissions keep going on while one thing is

clear: OPEC is found to be a factor contributingit@rices to some degree.

One of the recent studies which dispute the validitthe previous findings is the
work by Kaufmann et al. (2008). They show that te&tionship between refinery
utilization, which is commonly cited as one of tt@ntributors to the price rise of crude
oil, and oil prices is negative such that highdinezy utilization rates actually reduce the
price of oil. A similar result is obtained in thisesis and an accompanying discussion is

presented in the relevant section.

There are two main approaches to modeling oil pringhe literature; multivariate
and univariate. The former are mostly based on &regutoregressive (VAR) models
and the latter are mostly based on Dynamic Ordih&ast Squares (DOLS). Although
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different results are obtained from the two appheacfrom time to time, one can often

attribute these varying results to differencesamgle periods and frequencies.

Kaufmann et al. (2004), Merino and Ortiz (2005) n#gisawa (2008), Stevans and
Sessions (2008), Asali (2008) and Geman and OI20@9) are among the recent studies
which have used VARs to analyze oil prices. Allefistudies confirm a one directional
causality from inventories to prices while the tfito find a one directional causality
from OPEC capacity utilization and refinery utiliwan to prices as well. Merino and
Ortiz find a two way causality between spread (@scdbed in this thesis) and the prices
which is contrary to the result obtained in theedagections of this thesis. This conflict
could possibly be due to the different sample mkxjcJanuary 1992 to June 2004 in
Merino and Ortiz and March 1995 to February 200fhis thesis. They also show that oil
prices increased hand in hand with the rise ohthrecommercial long positions on crude
oil and note that backwardation has informativetennfor the premiufover the entire

sample period.

Geman and Ohana (2009) have especially complenyeméormation for this
thesis. As the sample periods overlap for the rpasdt their findings are valid during the
sample period of this thesis. They find that thyeantities are of crucial importance for
all commodities, namely the spread of the forward/e (spread), the available inventory
and the spot price volatility. Among these, theydfithe highest correlation between

spread and the inventory levels. Figures 9 andf10is thesis show this tendency.

The most notable univariate models in recent yasgsMobert (2007), Kaufmann
et al. (2008), and Chevillon and Rifflart (2009heT latter two uses DOLS while the
former uses OLS on the first difference of the afles. Using OLS on the first
difference of the series could perhaps give aceurasults for short term dynamics;
however it is not a reliable method for long sampégiods such as the one considered
here. Kaufmann et al. (2008) find that most of phiee increase in the 2004-2006 period
can be attributed to concerns about future oil mtadonditions, which experienced a

switch from backwardation to contango market. Aisimresult is found in Mdbert

2 Defined as the deviation of the oil price over piiee required by the inventory levels.



(2007), which uses three different variables tooaot for the futures market conditions
(i.e. expectations). He finds all three to be staally significant, spread having the
largest magnitude. On the other hand, Kaufmannl.e(2804) and Mobert (2007)
disagree about the role of OPEC. The former sthtssOPEC has a major influence on
the prices whereas the latter argues that thetafemly a modest one. The two studies
report conflicting results regarding the effectrefinery utilization as well. Kaufmann et
al. (2008) report that the refinery utilizationnegatively related to prices while Mobert
(2007) finds the opposite. The latter uses diffedemels of refinery utilization above
95% as a dummy variable, all of which carry coédints with positive signs. Mdbert
defines refinery utilization as the global demaelative to refining capacity in mbd. This
definition could be misleading because it ignofesfact that some of the global demand
is satisfied by inventories. The resulting refinetilization rates are frequently near and
sometimes at full capacity which can imply a fatgesitive relation between the prices
and the refinery utilization rates. Using the U3inery utilization rate | find similar

results concerning the relationship between theesgf utilization rates and prices.

Considering the theoretical expectations and tlsellt® obtained from different
econometric methods it can be said that theregeneral agreement on the fundamental
factors effecting oil prices, however the relativeights of each factor changes due to the
changes in the structure of the market. Askari #acthene (2008) explain this
phenomenon in their study by concluding that oikgidynamics experienced breaks, or
jumps in recent years. The results from differemmgles in this thesis reflect such
changes in the market structure.



3 Econometric Analysis

In attempting to decompose the effects of diffefantors on the fluctuation of the
price of crude oil, time series tools are usedsTdaction will explain these tools, the
reason for their choice and finally present thailtssof the econometric model. Before
engaging in econometric modeling | shall first aauce the sample and the variables
chosen for the model in sections 2.1 and 2.2 réiseée In section 2.3, the model and
the results will be presented. 2.4 will concludis gection with robustness analysis and a

discussion of causality.

3.1 Sample Period

Monthly data from March 1995 until February 20082 ased to estimate the price
equation. The sample period is motivated by a nurobdactors. In its broadest sense,
the oil market can be separated into two phases.fif$t phase is the non-competitive
non-volatile crude oil market which ended with taetelization among OPEC states. The
second phase has been more market oriented anactdrazed by more volatility and
continues today. The sample period consideredigthiesis falls into the second phase.
The reason for this as Bacon explains is that tisen® point in modeling the first phase;
“Before 1973 prices were largely administered aretemoughly constant in nominal
terms so that there has been little interest inetiod the behavior of the world oil prices
before this date.” (Bacon, 1991)

The current market structure is shapddviing the price collapse of 1986, when
OPEC reinstituted quotas after changing its annedistrategy from defending an
official price into defending market share. In 1996de oil options contracts were
introduced in the New York Mercantile Exchange (NEX) which have been used in

ever increasing amounts.
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Figure 3. Net Long Positions at the NYMEX

Figure 1 shows that the introduction of optionstraets has increased the volume
of net long positions in the NYMEX. Furthermoreistiobserved boom in the net long
positions is proved to influence the prices asemwe=l by the report submitted to the U.S.
Senate Committee on Energy and Natural Resourcaseyér, December 11, 2007). The
report concludes that so-calledelta hedging magnifies the price fluctuations.
Econometric evidence can be found in the same tejpolight of this report, the start of
the sample period is coincides with the introductd options contacts in the NYMEX.

3.2 Variables

Relatively few studies focus on prices as the Wégiaf interest compared to the
more common use of prices as explanatory variabl&({lian, 2007; Clarida et al., 2000;
Hamilton and Herrera, 2004). Bacon (1991) givearaey of factors which are central to

price formation. He notes the particular importan€encorporating OPEC behavior in

11



any supply/demand framework. Kaufmann et al. (208#pduce the variables “OPEC
capacityutilization® , “OPECquotd™ and “OPECcheat” to accommodate the influence
of OPEC on the prices. Kaufmann et al. modify ORfa@acity utilization in their 2008
paper as discussed in the next section. This latgable will be incorporated in the

econometric model used in this thesis unless ofkerstated.

OPEC and other variables were used in differenh@ecwtric specifications and
different samples. Sub-samples were constructedtalséructural breaks confirmed by
Chow break point tests and in some instances supisa were intuitively constructed.

Discussion of the time series properties of eactalile and their expected effects follow.

3.2.1 Price Series

Two different sets of price series (Figuré d)e used as the dependent variable; the
real average free-on-bodr@FOB) price of US crude oil imports and the prafeWest
Texas Intermediate (WTI), the benchmark oil typeNorth America.

Price is the real average (FOB) price of US crutlanports in 2009 US$ and WTl is the
real price of Western Texas Intermediate in 200$.U%e US consumer price index is

used to adjust the nominal price series.

The first price series is motivated by the fact é#meerage FOB prices of imported
crude oil represent the price paid for physicaldélarobtained from a variety of sources.
Therefore this basket is unaffected by the conationique to a single market. For
instance, the other price series West Texas Inddiates(WTI) experienced disturbances
due to local circumstances such as the fire at MdRefinery near the West Texas fields,
hurricanes Katrina and Ivan. In addition to thise taverage FOB price of US crude oll
imports reflects the composition of the crude opes desired. The composition of

imports is shifting towards light sweet crude odrh heavy sour, which especially picked

¥ OPEC capacity utilization is the percentage us@REC capacity, which is calculated by dividing @PE
production (mbd) by OPEC capacity (mbd).

* OPEC quota is the production limit (per day) seOPEC.

® OPEC cheat is the difference between OPEC prastueind OPEC quotas (million barrels per day).

® Note that during hurricane Katrina and Ivan in 2@04 2005 the price series moved in opposite
directions. Also the impact of the fire at McKedémery which shut this facility down from Februaumtil
July 2007 could be seen by the upward push in thé $&fies at this period.

" The price charged at the producing country’s pbtbading.
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the implementation of the recent environmental k&gans. The ability of the price series

to reflect this shift will be crucial to the analy®f the results of the econometric model.

| begin to review the time series properties of dexies by looking at the
correlogram of the series. The autocorrelation tionc(ACF) decays very slowly which
is typical of non-stationary series. Although visieview of the correlogram gives useful
hints, the ACF fails to distinguish between unitrand near unit root processes (Enders,
2004). Therefore | move on to make formal test wit woot, namely the Augmented
Dickey Fuller Test.

The ADF test statistic is significant at the 10%ele while the null of the price
series having a unit root cannot be rejected abfheand 1% level. | conclude that the
price series is a unit root process. Following ustemvention to find the order of
integration, | take the first difference of theiser The ADF test statistic of the first
difference of the series exceeds the test crittefile at the one percent level implying
that the first difference of the series is statignd herefore | conclude that this price

series is integrated of order one.
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Table 1. ADF Test Statistic of Price Series

Pricé -2.600171
APrice -6.411403%**

Lag length is determined by the Schwarz Information Criterion
1%, 5%, 10% significance levels are denoted by ***, ** *

The other dependent variable, the WTI price sergesused to evaluate the
robustness of the results obtained from the impode basket. The conclusions derived
from the former series should also apply to thidgeseand there should not be any
conflicting results. Furthermore the remark by Bagastifies the validity of the use of a
benchmark crude price as a proxy for the entirelemil market; “Over the longer term
the prices of all crudes tend to move sufficierdlgsely together to make the use of a
marker or reference crude an attractive simplifccatfor attempts to understand the
workings of the world oil market” (Bacon, 1991). dlbubtedly the results will be

applicable to the entire oil market.

The WTI series naturally follows the real averageBrprice of US imports with a
premium changing from time to time. Following thegs above | obtained the results

presented in table 2. As is the case with theaeatage FOB price of US imports, |

Table 2.ADF Test Statistic of WTI Series

WTI - 2.140102
AWTI -7.874281*+*

Lag length is determined by the Schwarz Information Criterion

1%, 5%, 10% significance levels are denoted by ***, ** *

cannot reject the null hypothesis of unit root @iventional levels of significance. Since
the first difference of the WTI series has a siigarit ADF test statistic, | conclude that

the WTI series is also integrated of order one.

® The ADF test statistic of the levels of the valgatinclude a constant and/or a trend when apmtepri
throughout the thesis.

° The ADF test statistics of the first differencetioé series are calculated without a constant arehd
throughout the thesis.
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3.2.2 Stocks

Stocks is the days of forward consumption of OE@Btocks, which is calculated
by dividing OECD stocks of commercial crude oilck® by OECD demand for crude oil.
Note that OECD commercial crude oil stocks includede products but excludes
government controlled inventories, such as the W&egic petroleum reserve (SPR).
SPR management, or any other government contrislieghtory for that matter, does not
normally take market conditions into account andrefore does not reflect market
conditions. It might be argued that fill policieé governments could influence market
prices, however the amount of crude that can bbdnatvn from the market or released
from SPR is small relative to the market size, @nd reasonable to assume that such
policy effects are negligible. There still is a debabout the true impact of these policies,
however deeper discussion of this issue is beyloaddtope of this thesis. The reader can
refer to Verleger’s report dated December 11, 28@Fmitted to the US committee on
energy and natural resources for a thorough digmuss the effects of SPR management

on oil prices.
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The time series behavior of the series begins withheview of the series’
correlogram. The ACF decays slowly and follows asyvaattern, which is typical of
non-stationary series. Carrying out the formal AB$t for unit root, the following results

are obtained (Table 3). Since the ADF test statddtihe level of the variable does not

Table 3. ADF Test Statistic of Stocks Series

Stocks -2.571302
AStocks -3.381086***

Lag length is determined by the Schwarz Information Criterion
1%, 5%, 10% significance levels are denoted by ***, ** *

exceed the test critical values at any of the cotiwral levels of significance | conclude

that the stocks series is a unit root processt #ifferencing of the series turns out to be
enough to reach a stationary series, thereforestibeks series is integrated of order 1.
Historically higher inventory levels are associatégth lower prices. Figure 6 shows the
counter-cyclical relation of prices and inventorigéde only exceptions to the counter-
cyclical behavior are observed during the gulf wad the 2002-2006 periods. The first
one is the result of the rapid precautionary inggnbuilt up preceding the war which

can be interpreted as a demand shock. This tempdisuption did not last long and the
natural counter-cyclical relation between inventang price levels returned immediately

after the war.

The more recent cyclical relation is harder to axplOne has to take into account
the role of financial markets in order to correctigsess this phenomenon. One can
clearly observe the increasing activity in the NYKIEom figure 7 below. Although
there has been an increase in the number of ctsiteaer since the introduction of
futures (and later options) contracts, this inceepicked up especially after 2002. This

corresponds to the hand in hand increase in paigdsnventories.
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Figure 6. OECD Inventory Levels vs. Real Average FB Price of US Crude Oil Imports

Closer inspection of the 2002-2006 period revelés ghift of investors towards long
positions (i.e. betting on higher prices) whichates incentives for investors to build up
stocks. When this inventory build-up takes placauianeously by a large number of
investors, demand is obviously boosted resulting price hike. In order to check for the
effects of financial markets on the price of crumle a sub-sample with the variable
spread will be modeled. Next we look at the vaeafypread, the motivation behind its

choice, its relation with the investor behavior @sdime series properties.

17



1600

1400
1200 |
1000 |
800 i
0
O N 00 O O =« N N < 1D O 0 OO O d N M & 1 O N
2REEETRETEEBIEEEEREEEE
< = = v (] (] (] o j< e b= 2] (] (] (]
s © 2 o g g 5 3 0 0 o0 ®© © 2 & g g S5 3 O 9 o
3 3O © < = T € O E S S © < = W € O €
c — E =} +— c — 2 =} +—
& o I 88 ¢ 8 I g8 ¢
= 9 5 c 3z - 9 a © 3
(%] z (%] =

Figure 7. Number of Total Reportable Long Positionat the NYMEX (in thousands)

3.2.3 Spread

Speculators are frequently blamed as the reasond#érge price shifts in the oil
market. It is still a highly debated topic with pested economists defending opposing
views. Considering the significant rise in the opaterest (i.e. number of contracts
traded at the NYMEX) of the crude oil contracteeaff002, | shall focus on this period.
In his May 12, 2008 New York Times article titledHe Oil Non-Bubble” Paul Krugman
argued that there is no evidence of a speculativeubble because if speculators are
driving up the price of oil above the price “jugd by fundamentals”, then a market
adjustment would occur where “drivers would cutlban their driving; homeowners
would turn down their thermostats; owners of maagioil wells would put them back
into production...[and the resulting] excess suppbuld....drive prices back down”. On
the other hand Prof. Eckaus of the MIT Center foerfgy and Environmental Policy
Research points out that hedge funds along witeratheculators are very active in the

oil market and their activity has raised the voluofeoil transactions far above the
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volume warranted by ordinary commercial transaatidte argues that there is no reason
based on current (referring to summer 2008) anceerd supply and demand that
justifies the current price of oil. Finally, he @dndes that the oil price is a speculative
bubble.
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Figure 8. Futures Contracts vs. WTI Price

In order to look for evidence in support of eitivégw | plot (Figure 8) the “best”
measure available to know whether speculators aténfj on rising or falling prices,
namely the net long positions of non-commerciati¢ra in light sweet crude oil at the
NYMEX, and the price level of the correspondingd=wil, namely the Western Texas
Intermediate (WTI).

The dominance of the long positions over the spositions is obvious throughout
the 2002-2008 period. The behavior of the inveew®rfollows roughly that of the
positions at the NYMEX until 2008 (Figure 9). Asetlinancial crises hits the global
economy the inventories keep increasing due tonéduative demand shock while prices

collapse. Figures 8 and 9 suggest that the expmwsabf the investors shape their
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decisions about inventories. Namely an expectadiohigher prices causes hoarding in
anticipation of higher future profits. In order &mcount for expectations which are the

source of inventory management practices | usedhable spread.
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Figure 9. Inventories vs. Futures Contracts

Spread is the difference between WTI futures cotdgrevith 4 months and 1 month
to maturity. This variable reflects the expectasi@f investors. Inventory management

policies are based on these expectations.
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Figure 10. Spot-Futures Spread

Following the usual order, the inspection of ther@ogram hints that the series is
unlikely to be non-stationary with a fairly rapi@ahy in the ACF. Formal tests for unit

roots confirm this observation (Table 4). Since A test statistic exceeds the critical

Table 4.ADF Test Statistic of Spread Series

Spread -2.491752**

Lag length is determined by the Schwarz Information Criterion

1%, 5%, 10% significance levels are denoted by ***, ** *

value at the 5% level, the null hypothesis of & vmot is clearly rejected and | conclude
that spread is a stationary process for the sameteod between March 1995 and
February 2009. This characteristic of the serieke®d unsuitable for the DOLS method
used in the econometric analysis later in this papevertheless, sub-samples which
focus on more recent developments in the oil markety include spread as an

explanatory variable in the DOLS estimation sirfoe $pread series behave more like a
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non-stationary process in the recent years. The A&HE result for the sub-sample
January 2002 — February 2009 is presented below;

Table 5.ADF Test Statistic of Spread Series (Jan. 03 — Fel®2)200

Spread -1.931434
ASpread -6.193981***

Lag length is determined by the Schwarz Information Criterion

1%, 5%, 10% significance levels are denoted by ***, ** *

| cannot reject the null hypothesis of a unit rabtonventional levels of significance for

the restricted sample. This is not surprising sipdees are stable until 2000 and keep
rising thereafter. In particular the 2002-2009 peérisees a 500% rise in prices.
Expectations are altered and the futures markegréeqces the longest contanyperiod

in its history (Figure 10). It can be argued thae do increased activity in the futures

market and the increasing trend in prices in th@2Q0he spread variable is more relevant
than in any other time in the history of crude afler the introduction of the futures

market. The first difference of the series is stary since the ADF test statistic is

significant at the 1% level implying that the spgtezariable is integrated of order one

during the 2002-2009 period. | expect a positiiuence of the spread on the prices in
this period.

3.2.4 OPEC Capacity Utilization

Caputil is capacity utilization by OPEC. This véi@ is built using the same
convention as in Kaufmann et al. (2008). It is gldted by dividing OPEC production by
OPEC capacity, multiplying this quotient by OPEGHare of global oil production, and
dividing this product by the rate at which OPEC atBeon its quofd. As explained in
Kaufmann et al. (2008) OPEC capacity utilizationdesigned in this way in order to
account for the two different effects of OPEC cheat the market; cheating could

increase capacity utilization by OPEC but redud¢eces by increasing supply relative

19 The situation in which the futures prices excéwidpot prices. The opposite case is called
“backwardation”.

L OPEC cheat is calculated by dividing the diffeeebetween OPEC production and OPEC quota by
world oil demand
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to the quota that balances world oil demand and-apmt production. Dividing the

OPEC capacity utilization by OPEC cheat allows eéased rates of cheating to reduce oil

prices even as cheating causes capacity utilizaioise.

The cubic specification of caputil is also borrowfeom Kaufmann et al. (2008),

which allows for two turning points (inflection pas). Since the sample period starts

with the introduction of options contracts and exi® until recent months, and the data

frequency is monthly as opposed to quarterly dat by Kaufmann et al. (2008) it is of

interest whether this cubic specification will yledimilar results. In that study the results
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Figure 11. Individual OPEC Variables

confirmed the expectations that the coefficienthaf squared variable would be negative

and the other two positive.
These results suggested that prices increase exjheup to the first turning
point and increase exponentially after the secamdirtg point. Between these turning
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points there is a normal operating range in whichnges in capacity utilization have a
small impact on prices (Kaufmann et al., 2008). Tierket forces behind this relation
between capacity utilization and price is explaitfearoughly in Kaufmann et al. (2008)

and the following paragraph is quoted from the noged work:

“This non-linear relationship is based on the ag#ion that producers prefer to lift oil
within a normal operating range. At levels well ebadhis range, high utilization can
interfere with field maintenance that is needeerisure a well’s long-run productivity.
Similarly, operators are reluctant to pump at Vewmy utilization rates because the fixed
costs of production are very much greater thanaipey costs — so long as prices remain
above operating costs owners prefer to operate Wedls at capacity to pay their fixed
costs. Preferences to operate within this rang@leduwith inelastic price elasticity of
demand imply that oil prices must change signifisarto move OPEC capacity
utilization rates back towards the normal operatiagge. As capacity utilization rises
beyond normal operating conditions and supplie®imectight, inelastic demand implies
that large price increases are needed to reducardkand thereby bring utilization rates
back to the normal range. On the downside, inelggiice elasticity of demand imply
very large price reductions are needed to increaseumption (or make it economical to
decommission capacity) to move capacity utilizati@ck towards the normal operating

range.”

Turning to the time series properties of the cdaatiies, the correlogram does not
give any initial clue about the stationarity of theries. | turn to the ADF test to identify

the series. The test results are presented below;

Table 6.ADF Test Statistic of Capacity Utilization

Caputil -1.644416
ACaputil -6.836433***
Lag length is determined by the Schwarz Information Criterion
1%, 5%, 10% significance levels are denoted by ***, ** *
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The ADF test statistic is not significant at anytbé conventional significance levels,
therefore | conclude that caputil is a unit roodbgass. The first difference of the series

turns out to be stationary, therefore | identifisthiariable as integrated of order one.

Besides measuring the influence of OPEC on thepdes, caputil can also be
interpreted as a proxy for demand. After the anneaorent of a quota mechanism in the
mid 80’s OPEC's official strategy has been defegdire market share instead of directly
setting the price. In order to monitor the priceBET instead announced a target price
corridor. This strategy meant that OPEC set thedysbon to match the expected
difference between demand and non-OPEC supply,hnwikidetermined largely by non-
OPEC capacity. As price takers, non-OPEC produgerserally operate at or near
capacity. This means that any increase in OPEQzatitn has to be the result of a
demand increase. Contrarily OPEC can increase ptiotuto suppress prices as well,
however this ability has been significantly dimhnesl in recent years. OPEC introduced a
target price corridor between 22 and 28 dollardviarch 2000. Any price increase
beyond $28 was to be prevented by increased OPB@ugtion. However, after prices
continued to rise above $28 for more than a yede©Buspended it corridor in June
2005. The inability of OPEC to keep prices in then@nced corridor casts serious
doubts about the cartels ability to control pric8sce this ability depends solely on
OPEC spare capacity which enables the cartel tduse beyond the level that balances
supply and demand, the available spare capacigatfewow strongly OPEC can alter the
supply-demand. In any case, the increased utitimati OPEC signals “tightness” in the
market and a positive effect of caputil is expeatadthe prices. However, | do not rule
out the possibility of a negative effects before gyiear 2000 for the reason mentioned

above, namely the increased utilization also cpoads to an increase in supply.

3.2.5 Refinery Utilization

Refutil is the US refinery utilization rate. Thefining process plays a crucial role
in the oil market. Consumer are not interestedhie trude oil, instead the refined
products such a gasoline, diesel, heating oil aeadene. Refinery bottlenecks put
tremendous upward pressure first on the refinediymrbprices and then on crude oll

prices. Often these pressures cause jumps in tle @il price. With the emergence of
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Asian giants such as China and India the worldmeees are troubled to meet demand
which has increased faster than the refiners cqarek their capacities. The refining
sector is capital intensive in nature and it taikears before the actual refining takes
place. As a result the situation which developeteoent years can be expected to last at
least in to the near future. Intuitively, | expeittat refutii would increase prices.

However, as mentioned in Kaufmann et al.(2008Y)etiean alternative approach which
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Figure 12. Demand vs. Refining Capacity

one should consider in evaluating the results efetonometric analysis. Their argument
is based on the notion that the effects of refingitization rates on the prices of crude oll
are associated with changes in the quality of croifle produced and the ability of
refineries to convert these crudes into refinedgbeam products. The quality of a crude
oil based largely on its density and sulfur cont@hie density of crude oil is measured by
the API gravity index, which measures the densitgrade oil relative to water. An API
value greater than 10 indicates that crude floatsvater, with larger values indicating a
reduction in density (i.e. lighter crude). In gealedight grades of crude oil are of a
higher quality because they generate more valyadol@ucts than heavier grades. Crudes

with a high sulfur content (so-called sour crudasy of a lower quality because they
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increase refinery maintenance costs due to enhaiareoksion associated with the sulfur.

Due to these differences the price of light sweetles are higher than sour heavy ones.

Producers around the world provide different qyatitudes to the market and
refiners use different kinds of crudes based omptbeuct that they produce. Light sweet
crudes are desired by both the producers and fimen® since they increase the revenue
for the producers and decrease the maintenance fooghe refiners. Of course, the more
higher quality products (i.e. gasoline, diesel) ttefiners produce, the greater the
revenues they generate as well. This common irtefd®th sides makes light sweet the
primary choice for both sides. Because much ofatbdd’s refining capacity is set up to
use light sweet crudes, increasing refinery utiicra rates generally stimulate the
production of heavy and sour crudes (Kaufmann.ef808). For example, Saudi Arabia

increased its production of crude oil from 7.52liom barrels per day (mbd) in 1999 to

100

95

90

|

80

75

70

T T e o o
88 90 92 94 96 98 00 02 04 06 08
—— US Refinery Utilization Rate in Percentages

Figure 13. US Refinery Utilization Rate

9.15 mbd in 2005. Of this 1.63 mbd increase, 1.38 mame from medium grades of
crude oil - the production of light grades of crumlkincreased by only 0.053 mbd (Eni
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Spa, 2006). Because of the price spread among rinde coils, this change in the
composition of crude oil reduced the average prfogrude oil produced by Saudi Arabia
(Kaufmann et al., 2008).

Taking into account the effect of refinery utiliat on the composition of crude oil
imported to the United States, | expect to seedhbaverage FOB price of US imported
crude oil to decline as utilization picks up. Ore tother hand, the effect of refinery
utilization on WTI should not be influenced by tb@mposition effect mentioned above.

It is of great interest to examine whether refaéit an opposite effect on the WTI series.

Turning to the time series properties of the réfsdiries, | run the ADF test as
usual. The ADF test statistic of the level of tleiess does not exceed the test critical
values at any of the conventional significance lege | cannot reject the null hypothesis
of a unit root. | take the first difference of theries and check for stationarity. The ADF
test statistic of the first difference of the sernig significant at the 1% level implying that

the differenced series is stationary.

Table 7.ADF Test Statistic of Refinery Utilization

Refutil -1.145586
ARefutil -5.593664*+*

Lag length is determined by the Schwarz Information Criterion

1%, 5%, 10% significance levels are denoted by ***, ** *
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3.3 Variable Summary

In the previous sub-sections we reviewed the tigrees properties of the series which
are to be used in the following econometric analy§able 8 and Table 9 summarize the

results of the stationarity tests and expectatadomit these variables.

Table 8 ADF Test Results Summary

Price WTI Stocks Spread Caputil Refutil
Level -2.600171* -2.140102* -2.571302 -1.931434 -1.644416 -1.145586
A -6.411403  -7.874281  -3.381086 -6.193981 -6.836433 -5.593664

Lag length is determined by the Schwarz Information Criterion
1%, 5%, 10% significance levels are denoted by ***, ** *
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Table 9. Summary of Variables and Hypothesis

Description Order of Integration Expected Sign

Dependant Variable
Sample 1 Sample 2 Sample 3

Price (1) 1(1) (1)
Real Average FOB Price of US Crude Oil Imports

WTI (1) I(1) I(1)
Price of Western Texas Intermediate

Independent Variables

Stocks 1(1) 1(1) (1) O]
Days of Forward Consumption of OECD Oil Stocks

Opecuitil (1) 1(2) (1) (+)
OPEC Capacity Utilization

Caputil 1(0) (1) (1) ()
OPEC Capacity Utilization Modifies by OPEC Cheat

Refutil (1) (1) (1) O]
US Refinery Utilization Rate (as percentage)

Spread between price of 4 months and 1 month

Spread futures contracts at the NYMEX 10) 10) (1) *)

Sample 1: January 1988 - February 2009, Sample 2: March 1995 - February 2009, Sample 3: January 2002 - February 2009



3.4 Model

Considering the frequency and length of the samplgod, it is difficult to fit a
model which could capture different factors causimg price to fluctuate under different
circumstances. The possibility of structural breakske the results of such a model
unreliable nor is such a model desirable since rimggyy interest lies in the inspection of
the recent price movements. However in order teckidhether my expectation about the

variables hold, a general model spanning the esdingple is investigated;
Price = a + f;stocks + B,opecuti] + Syrefutil, (1)

As indicated in section 2.1, the dependent andpeddent variables contain a stochastic
trend. The presence of I(1) trends invalidates lihed application of ordinary least
squares (OLS) because the diagnostic statisticergd by OLS will indicate a
meaningful relationship among unrelated 1(1) vdeabmore often than implied by
random chance (Granger and Newbold, 1974). Suditiort are termed spurious
regressions. To avoid falling into the spurious regressiorpirthe relationships in Eq.
(1) are evaluated by determining whether they tegrate. Following the method
proposed by Engle and Granger (1987), Eq. (1) mluated by OLS to determine
whether two (or more) variables co-integrate. Thgression error is analyzed for a
stochastic trend using the ADF test. If the teatisdic fails to reject the null hypothesis,
the non-stationary residual indicates that the eggjon is spurious. Otherwise, the
regression error is stationary, and therefore treabiles co-integrate. In this case, Eq.(1)
can be interpreted as a co-integrating relationskable 10 reports the result of the ADF

test of the regression residuals of the Eq.(1)

2 Note that opecutil (OPEC production relative toEOPcapacity) is used instead of caputil since for
caputil | reject the null of a unit root for thengple January 1988 - February 2009
13 For more on “Spurious regressions” refer to Appedd
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Table 10.ADF Test Result of Eq. (1) Residuals

OLS regression residuals of Eq.(1) -4.3487***
Test critical values: 1% level -2.574513
5% level -1.942136

10% level -1.615828

However, even if the variables co-integrate, the&S@istimate of the co-integrating vector
will contain a small sample bias and the limitingtdbution will be non-normal with a
non-zero mean (Stock 1987). To avoid confusion @stsd with this bias, the co-
integrating relationship among non-stationary \#ea in Eq.(1) is estimated using
dynamic ordinary least squatés(DOLS) (Stock and Watson, 1993). DOLS generates
asymptotically efficient estimates of the regressmefficients for variables that co-
integrate, it is computationally simple, and it fpems well relative to other
asymptotically efficient estimation of the co-intating vector. Lags and leads used to
estimate the DOLS version of Eq.(1) are chosengugie Akaike Information criterion
(Schwarz, 1978). Table 11 reports the DOLS estisnat¢he Eq.(1).

Table 11.DOLS estimate of Eq. (1)

Dependent
Variable US FOB Price
constant 682.8232***
(88.64407)
stocks -3.724029***
(0.463023)
opecutil 0.574342*
(0.311062)
refutil -5.399462***
(0.777881)
R2 0.727013

Newey-West standard errors in parenthesis. 1%,
5%, 10% significance levels are labeled by ***, ** *,
CRDW™ is the Co-integration Regression Durbin
Watson statistic. The number of lags and leads are
chosen using the Akaike Information Criterion.

4 For more on DOLS refer to the Appendix B.
!5 For the table of CRDW critical values see Apper@ix
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All variables have the expected signs. Although(Bqdoes not have the cubic
caputil specification and the spread variables itonsistent with the theory and various
previous studies (cf. Kaufmann et al., 2004; Mab2007; Kaufmann et al. 2008). Since
I would like to include the effects of the introdilon of the options contracts on the crude
oil market and especially want to focus on the 220@9 period | move to make sub-
samples which correspond to my period of interestely March 1995 — February 2009.
All variables introduced in section 2.2 are I(1)the sample except for spread. The core
model of this paper is provided below;

Price, = a + SB,Stocks + B,Caputil, + B,Caputil? + B,Caputil’
+ B.Refutil, + S.Spread (2)
Excluding spread, | can use DOLS to estimate thgsassion if the regression errors of

the OLS estimate of (2) — excluding spread — @egiomary. The ADF test results of the

regression error series of the OLS estimate of€Xrluding spread- is below.

Table 12 ADF Test Result of Eq. (2} excluding spread -Residuals

OLS regression residuals of Eq.(1) -3.9364***
Test critical values: 1% level -2.746354
5% level -1.786861

10% level -1.427485

Since the null hypothesis of a unit root can beateid at the 1% level, the regression
error series of the OLS estimate of (2) — excludipgead — is stationary which makes
DOLS a suitable method to apply.

Eq.(2) — excluding spread — is estimated for thepda mentioned above. The results are
summarized in Table 13.
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Table 13.DOLS estimates of the Eq. (2) —excluding spread+ch&5—Feb. 09

Dependent Variable US FOB Price
Constant 692.3555***
(70.86937)
Stocks -2.963154***
(1.013563)
Caputil 3.538831***
(1.189863)
Caputil? -0.073443***
0.027704
Caputil® 0.000250***
9.57E-05
Refutil -5.701487***
(1.001566)
R2 0.830935
CRDW 0.420889

Newey-West standard errors in parenthesis. 1%,
5%, 10% significance levels are labeled by ***, **
*. CRDW is the Co-integration Regression Durbin
Watson statistic. The number of lags and leads
are chosen using the Akaike Information Criterion.

All coefficients are consistent with the previouterature and carry the expected signs
mentioned in the sections 2.2. Considering theea®e in the activity in the NYMEX |
suspect that the spread variable could possiblg Bavimportant effect in the sub-sample
which corresponds to the period of a 500% rise falidf the prices, namely the 2002-
2009 period. Since spread is non-stationary duhiggperiod | can now run (2) with the
spread, however | check first the stationarity loé regression error series of (2) —
including spread — to see if DOLS is applicablebl€d 4 shows that the ADF test

Table 14 ADF Test Result of Eq. (&)including spreadResiduals

OLS regression residuals of Eq.(1) -4.2154***
Test critical values: 1% level -2.786359
5% level -1.890341

10% level -1.435648
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statistic of the residual series of the OLS redoessf (2) exceed the test critical values,
so | can reject the null hypothesis of a unit ranot conclude that the error series is

stationary.

The results (Table 16) for this sub-sample do mt#ichat the spread variable is
significant and indeed is the single largest cbuotor to the price hike in this period. The
large coefficient of the spread variable could tietated to the fact that the price spread

usually is not very large between the spot andréstprices.

Table 15.DOLS estimates of the Eq. (2) for sub-sample J&2 20Feb. 2009

Dependent Variable US FOB Price
Constant 701.5715***
(134.1937)
Stocks -8.679329%**
(1.090550)
Caputil -34.44433***
(6.311274)
Caputil? 2.211522%**
(0.452999)
Caputil? -0.036136***
(0.009133)
Refutil -0.579780***
(1.358936)
Spread 13.76556***
(2.523493)
R2 0.940508
CRDW 0.4765163

Newey-West standard errors in parenthesis.
1%, 5%, 10% significance levels are labeled
by *** ** * CRDW is the Co-integration
Regression Durbin Watson statistic. The
number of lags and leads are chosen using
the Akaike Information Criterion.

Note that in the 2002-2009 period the cubic spedtifon of caputil is somehow altered.
This change can be interpreted as a change irriteempechanism during this period. To
check if there is a structural break correspondmdhe beginning of the sub-sample
(January 2002) | carry out a Chow Break point testhe full sample of Eq.(2), namely
March 1995 — February 2009. Test results confirat thstructural break takes place in
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January 2002 (Table 11). The intuitive sub-sampladw confirmed with econometric

evidence and further analysis of recent price chamguld be based on this sub-sample.

Table 1&how Break Point Test

F-statistic 2.175177 Prob. F(41,83) 0.001387
Log likelihood ratio 1.204026 Prob. Chi-Square(41) 0.000000

The coefficients estimated by DOLS represent thegloun relationship among
variables. DOLS does not estimate the short-runadyos — it is not necessary for
asymptotically efficient estimation of the co-intaging relation. To examine the short
run relationship among the variables in Eq. (2),S0k used to estimate the following
error correction model (ECM);

, S S . S .
APricg =k + Pt iél/]]j AStockg_j + igl/]Zi ACaputil_; + iél/]si ACaputlltz_i

S . S . S .
+i§1)l 4i ACaput|I[3_i +i§1/15i ARefutllt_i +i§1)l6i APrlcet_i 3)

in which A is the difference operator, andis the difference between the observed value

for real oil price and the value generated by théntegrating relationship (Eq.(2)). The
number of lags) for the right-hand side variables in Eq.(3) anesen using the Akaike
Information Criterion (Akaike, 1973).

The statistical significance gf in Eq. (3) is used to test the null hypothesig tha
prices are not affected by disequilibrium between observed real oil prices and the
equilibrium that is implied by the right hand sidariables in Eqg. (2). A negative value
for p indicates that differences between observed valoegrude oil prices and the
equilibrium price moves observed prices towardsegeilibrium value implied by the
co-integrating relationship. Under these conditjahe right-hand side variables in Eq.

(2) are said to “Granger cause” real oil pricedl&d 7 reports the ECM results.
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Table 17.0LS estimates of the Eq. (3)

Dependent Variable US FOB Price

Sample 1995M3-2009M2 2002M1-2009M2
P -0.052038* -0.043825*
DW -1.742736 -0.704821
R2 0.488013 0.595968

t-statistics in parenthesis. 1%, 5%, 10% significance levels
are labeled by ***, ** * DW is the Durbin-Watson statistic.
The number of lags and leads are chosen using the
Akaike Information Criterion.

The ECM estimation results of Eqg. (3) for both twtire and the sub-sample
periods indicate that the co-integrating relatiopgiiven by Eq. (2) can be interpreted as
an equation for the long-term determinants of pridee error-correction term has a
negative sign and is significant in both samplesctvimean that the right-hand side
variables adjust (albeit slowly, with only 5% cartien each period, i.e. every month) to
the difference between the observed value of adegrand the value indicated by the
equilibrium. These results prove that OECD stockapacity utilization, refinery
utilization and expectations at the NYMEX “grangsause” the real oil prices. The

models adequacy, the results and causality witliseussed in detail in the next section.

3.5 Model Robustness and Causality

In order to check that the model in the previougtisr is satisfactory in terms of
standard time series assumptions | checked foduakinormality, misspecification,
omitted variables and parameter stability. The rhpdssed all the diagnostic tests (Table
13) which makes me confident that the model is wefined and one can rely on the

results of the model for accurate conclusions.
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Table 18.Testing Non-Linearities and Stability

Ramsey Ramsey Omitted Redundant
Reset 1 Reset 2 Variables Variables

F-statistic 1.797956 1.487341 2.418436 12.98768
Log likelihood 4.262202 7.377748 4481327 31.38126
Prob. F 0.0000 0.0412 0.003378 0.00008

Prob. Chi-Saq. 0.0000 0.0250 0.000148 0.00000

To check for the direction of causality betweenc@riand the right hand side
variables | run granger causality tests in all dimms. | construct a Vector
Autoregressive (VAR) model with four endogenousalales; Prices, Stocks, Caputil and
Refutil. The direction of causal order is deterndirtoy restricting the lagged values of an
endogenous variable to zero. Rejecting the nulbthgsis that the coefficients are zero
(i.e. the excluded variable does not granger cthesdependent variable) indicate that the
lagged values of the excluded variable have inftionaabout the dependent variable
beyond that contained in lagged values of the dégretrvariable and the other right-hand
side variables. Restrictions on the lagged valugf(s)variable are evaluated with a Wald
Test. Table 19 reports the results.

Table 19Test of Causal Order on the VAR

Independent Variables

Dependent Variable Price Stocks Capuitil Refutil
Price 11.35796** 10.315376* 13.16752**
Stocks 5.624565 8.562771 9.80084
Capuitil 3.198106 4.066737 7.272634
Refutil 4.14295 6.44444 5.739726

Numbers represent Chi-squared values with 6 degrees of freedom
1%, 5%, 10% significance levels are labeled by ***, ** *
The lag length of VAR is chosen using the AIC

The results indicate that OECD stocks, OPEC capatitization, and Refinery
utilization rate “granger cause” real prices whitere is no evidence of any causality
from prices to any right hand side variable.
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Combined, the above results confirm that the DOESumptions are satisfied, Eq. (2)
constitute a long-term relationship between prind the right-hand side variables and
the model is reliable as far as the econometricciBpation is concerned. The

interpretation of the results from section 2.3 ines reference to various other market
indicators. The next section will discuss the rissim depth with reference to the relating

market information.
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4 Evaluation of the Results

The econometric model specified in chapter 2 dogieea with the previous
literature and expectations. To see if the resalfly are justified by the explanations put
forth in section 2, | re-estimate Eq.(2) with WTiiges as the dependent variable. The
results are in table 15.

Table 20.DOLS estimates of the Eq. (2) for sample March 19%=b. 2009

Dependent Variable WTI price
Constant 747.3555***
(70.86937)
Stocks -2.429348***
(0.578494)
Capuitil 3.365717***
(0.628841)
Caputil? -0.074101***
0.14350
Caputil® 0.000258***
4.88E-55
Refutil -4.201593***
(1.01635)
Spread 2.534128
(1.585265)
R2 0.801724
CRDW 0.438354

Newey-West standard errors in parenthesis.
1%, 5%, 10% significance levels are labeled
by *** ** * CRDW is the Co-integration
Relation Durbin-Watson statistic. The number
of lags and leads are chosen using the Akaike
Information Criterion.

All coefficients maintain their signs and all vdiies are significant except for
spread. Since the two price series follow eachrdtieresult is not surprising. The main
question of interest lies in the variable refinecsi our argument regarding the negative
effect of refinery utilization rate stems from titea that as the refineries increase their
utilization rate, the composition of the importedide oil shifts in favor of less valuable
crude olil types i.e. heavy sour. As | replace tepemdent variable real average FOB

price of crude oil imported to the US to the West&éexas Intermediate (a light sweet
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type) the effect of the refutil variable should @o This is precisely what we observe in

the results reported in table 15. The effect ofréfatil variable, while still negative and
significant, declined.

1.5 100
1.49 A
1.48 A m A A - 95
1.46 - /- 90
1.45 \
144 N AW VAR .\ I
144 N AN W/
143 7\ VYAV A S A 24V - 80
L2 ey AW AV 24 WA VW NS
A TIAY Y8 myAViT s
s M WV v -
1.38
1.37 - 65
1.36
1-35 T T T T T T T T T T T T T T T T T T T T T 60
N &N &N n on o < 8§ S N o n N O W W NN N DN O 0 0 O
539333333383 35383638335%3383
cC > o c > o c© > o € > o € > o c > o c > o c
T ©®© o ©® ©® o © ® o © & v © & v © & v © O VU ©

= U.S. Sulfur Content (Weighted Average) of Crude Oil Input to Refineries (Percent)
- US Refinary Utilization Rate

—— 4 month moving average of US sulfur content

Figure 14. Sulfur Content vs. Refinery Utilization

One can observe that the sulfur content of theecillinputs tend to increase as
the refinery utilization rates increase (Figure.I®)is is consistent with the theory that
refineries are forced to use lower quality crudesider to match demand. It follows
from this argument that the price difference betwte lower and higher quality crudes
widen in times of high refinery utilization becaube refiners are not willing to pay as
much for the lower quality crude oils due to loweelds and maintenance costs. To
check whether this is true | plot the price diffeze between Saudi Arabian heavy (API
gravity 27) and the Western Texas Intermediateufieid5). The figure does support the
view that higher refinery utilization rates are @sated with higher price differentials
between higher and lower quality crude oils.
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Since the models adequacy has been found satisfagtal the underlying assertions
regarding the price discovery function has beemdotonsistent with the data, | compare
the models with the observed prices in the sam@i®@ March 1995 — February 2009
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Figure 16. Modeled vs. Actual Prices
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The model does a fairly good job except for theique2001-2004 where the model
consistently overestimates the prices and for 1©@422005 period where the model

underestimates the prices.
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5 Conclusion

In this thesis | decomposed the factors affecthmg pirice of crude oil. Variables
common in the literature were used to run DOLSesgion based on monthly data from
March 1995 to February 2009. After discussing theotetical expectations and time
series behavior of each variable, | began my arsal#h a very simple and general
model covering the entire post 1986-quota pericatet | introduced my main sample
staring with the introduction of the options contgin the NYMEX in March 1995 and
then further restricted the sample to the 2002-20€%d where a spectacular price rise
took place. In all sample periods the variablesyctire expected signs. Spread variables
contribute the most to the oil price increase ia #002-2009 period. This is consistent
with the information presented in Figures 1, 5n@ &. The rapid and large increase in
the volume of oil contracts traded is reflectedha coefficient on the spread variable. A
similar increase pushed the magnitude of the steekimble about four folds. As the
market becomes tighter it is reasonable to say @hatarginal increase (decrease) in
inventory levels have larger impact on prices. Eadtiitional barrel withdrawn from the
market will push prices ever higher as the sprestd/déen supply and demand increases.
The refinery utilization rates support this clais the refinery utilization rates reached
historically high levels in the 2002-2009 periodheTresults also support the view that as
refinery utilization increases the demand for ddfe types of oil shift which actually
applies downward pressure on the prices becauser Iquality crudes increase their
share in the refinery inputs. Although severalgesinfirm that the results could be safely
regarded as reliable one has to be cautious bechtise possibility of conflicting results
in alternative sample periods. Aware of this pasisib| conclude that financial markets
did somewhat influence oil prices in the given pérhnowever market forces are the main

drives in all samples as will the case be in ammgosample.
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Appendix A Data Sources

Nominal average FOB price of US crude oil imporid &S refinery utilization rates
were taken from the EIA website.

http://tonto.eia.doe.gov/dnav/pet/pet pri imcl khtm.

Spot and futures prices of the WTI are obtainethfRloomberg Financial Services.

OECD demand, OECD commercial stocks of oil, Glateghand (annually) were
obtained from the IEA. Monthly global demand isdza®n own calculations.

OPEC quotas, production and capacity were obtanoed OPEC secretariat.
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Appendix B Spurious Regressions and Co-integration

The assumptions of the classical regression modekssitate that all variables be
stationary and that the errors have a zero mearadmdte variance. In the presence of
non-stationary variables OLS often produces a Regdguared and t-statistics that appear
significant when no relationship between varial#@gst. While the regression seems to
be good, OLS estimates are not consistent andusteroary tests of statistical inference
do not hold. Such regressions are named “spuriegsession” after Granger and

Newbold (1974).

In the special case where all variables are intedraf the same order and the residual
sequence is stationary, the variables are co-iatedr Engle and Granger proposed the

following method to test for co-integration whighused in this thesis.

1) Pretest the variables for their order of integratiBy definition, co-integration
necessitates that variables be integrated of thee sarder. If the variables are
integrated of the same order proceed to step 2.

2) Estimate the long-run equilibrium relationship loyining an OLS estimate of the
variables. Save the residuals from this regression

3) Test (without a constant and a time trend) whetther saved residuals are
stationary. If we can reject the null hypothesisinit root, we can conclude that
the residuals are stationary and the series anategrated implying that the

regression results are not spurious.



Appendix C Dynamic Ordinary Least Squares (DOLS)

Instead of the inconsistent estimates of OLS imtegrated systems, a number of
methods have been proposed. Stock and Watson (1#6Bpsed the DOLS estimate

which is used throughout this thesis, which camwh#en as:

Yir = Wor Bt ¥ Bl o441 F Bttt BplY oty p BB o1 4

DOLS maintains the strict exogeneity of the vaesbby including leads and lags of the
changes of the I(1) regressors. This ensures tioe exogeneity of the levels of the 1(1)
regressors. This method circumvents the commonlgmolof relaxing the classical

regression assumption of no serial correlatioméndrror process.

The 1(1) regressors used in this thesis are oitkstoOPEC capacity utilization,
refinery utilization and spread. Each of thesealzés takes the place of the varialylg

in the above equation meaning that the level a$ aglthe past and future changes -
based on the AIC - of each of them is includechim DOLS equations estimated in this
thesis.



Appendix D Co-integration Regression Durbin Watson
Co-integration Regression Durbin Watson (CRDW)dsdiin a single equation
setting with a co-integrating relation. The CRDWical values (Sargan and Bhargava,

1983) based on different sample sizes and numb@goéssors is presented in the table

below.
n T CRDW
2 50 0.72
100 0.38
200 0.20
3 50 0.89
100 0.48
200 0.25
4 50 1.05
100 0.58
200 0.30
5 50 1.19
100 0.68
200 0.35
Source: Sargan and Bhargava,
1983.
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Abstract

This master thesis decomposes the effects of \aff@ctors on the fluctuation of
the price of the world’s most traded commodity biotiphysical and paper terms, namely
crude oil, based on monthly data between March &b February 2009. Time series
analysis is employed in order to reveal the drivimiges behind the oil price fluctuations
and their magnitude. A broad set of variables anpleyed to test the impact on price
changes. Considering the frequency and length efsimple period, sub-samples were
considered in anticipation of structural breaksn&smuently a general model is built to
check the expectations about the fundamental esadnd then a sub-sample from
January 2002 to February 2009 is used in ordereteal the factors behind the

spectacular price rise and fall during this period.

Abstract

Rohdl ist die am meisten gehandelte Ware, unabbatavon ob der Handel in
Barrels oder in Dollars gemessen wird. Diese Arbeittersucht verschiedene
Einflussfaktoren auf den Roholpreis anhand von rilichan Daten zwischen Marz 1995
und Februar 2009. Mittels einer Zeitreihenanalys&l wersucht die treibenden Krafte
hinter der Preisbildung zu identifizieren. Hierzurdvein breites Set an Variablen
eingesetzt; in Erwartung eines Strukturbruchs werdiese in Sub-Samples unterteilt.
Mit Hilfe eines allgemeinen Models werden dann di#wartungen Uuber die
Fundamentaldaten tberprift. Im Abschluld wird nstidés gebildeten Sub-Samples von
Januar 2002 bis Februar 2009 der spektakulareastisg sowie Preisverfall in dieser

Zeitperiode auf mdgliche Faktoren untersucht.
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