ISSUES ON CRUDE OIL PRICE VOLATILITY:

DETERMINANTS AND IMPACT OF FUTURES TRADING

ISTEMI BERK

MAY 2010



ISSUES ON CRUDE OIL PRICE VOLATILITY:

DETERMINANTS AND IMPACT OF FUTURES TRADING

A THESIS SUBMITTED TO
THE GRADUATE SCHOOL OF SOCIAL SCIENCES
OF

IZMIR UNIVERSITY OF ECONOMICS

BY

ISTEMI BERK

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR THIBDEGREE
OF
MASTER OF ART
IN

THE GRADUATE SCHOOL OF SOCIACIENCES

MAY 2010



Approval of the Graduate School of Social Sciences /

Prof. Dr. Cengiz Erol

Direcior

[ certify that this thesis satisfies all the requirements as a thesis for the degree of

Master of Science/Doctor of Philosophy.

Assoc. Prof. Dr. Ayla Ogus Binath

/

Head of Department

This is to certify that we have read this thesis and that in our opinion it is fully
adequate, in scope and quality, as a thesis for the degree of Master of Science/Doctor

of Philosophy.

Assoc. Prof. Dr. Adnan Kasman

Supervisor

Examining Committee Members /

Prof. Dr. Volkan $. Ediger %’\

Assoc. Prof. Dr. Adnan Kasman /
Asst. Prof. Dr. Deger Eryar / / s /{/




ABSTRACT
ISSUES ON CRUDE OIL PRICE VOLATILITY:

DETERMINANTS AND IMPACT OF FUTURES TRADING

Berk, istemi

MA in Financial Economics

Supervisor: Assoc. Prof. Dr. Adnan Kasman

May 2010, 79 pages

This thesis analyzes the impacts of futures tigadictivity on crude oil spot
market volatility. GARCH-type volatility modeling lang with causality and
cointegration analyses has been conducted to ntbdeinterrelationship between
variance of both spot and futures markets. Moreowgth using ICSS algorithm
structural breaks in spot market is captured ameh,tused as variables with futures
trading volume in variance equation of spot mark&tsults of this thesis imply that
there exists a strong bidirectional short-term {adrelationship and long-term co-
movement between WTI spot and futures crude oilketar In addition to that,
futures trading volume is found to have a signiiicand positive impact on Brent
spot crude oil market volatility. These results gesj that futures prices have a
considerable impact on spot price regimes. Thigyasiipn obviously, challenging

the basic idea that futures exchange increase maffi@ency.

Keywords: Crude Oil, Volatility, Futures TradingARCH



OZET

PETROL AYAT VOLAT ILITESI; BELIRLEYICI ETKENLER VE VADELI
ISLEMLERIN ETKILERI

Berk, istemi

Finans Ekonomisi Yiksek Lisansi

Tez Yoneticisi: Dog. Dr. Adnan Kasman

Mayis 2010, 79 sayfa

Bu calsma vadeli glemlerin petrol spot piyasasi volatilitesi tzerikde
etkilerini incelemektedir. Spot ve vadeliamler piyasalarinin varyanslari arasindaki
iliski nedensellik ve kointegrasyon analizleri ile lwa GARCH volatilite
modellemesi ile analiz edilgtir. Bunun dginda ICSS algoritmasi spot piyasa
varyansindaki yapisal kirilmalari bulmak igin kalllanis, bu yapisal kirilmalar ile
beraber vadelislemler kontrat hacmi spot piyasa varyans denklemidie dgisken
olarak kullaniimgtir. Bu calgmanin sonuclari gostermektedir ki, WTI petrol vadel
islemler ve spot piyasalari arasinda kisa donem mietldn ve uzun donem
kointegrasyon mevcuttur. Bununla beraber, vadgém hacminin spot volatilite
Uzerinde istatistiksel olarak anlamh ve pozitikist bulunmaktadir. Bu sonuclar
vadeli kslem piyasasinda aofan fiyatlarin spot piyasa fiyat rejimleri Gzerindkili
oldugunu 6nermektedir. Bu 6nerme, acikca, vadgémlerin piyasa verimlifini

arttirdg fikrine kagi gelmektedir.

Anahtar Kelimeler: Petrol, Volatilite, Vaddilemler, GARCH
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1 Introduction

Energy has been one of the most important factbrpr@duction since the
Industrial Revolution, which has started in thé I8entury in United Kingdom and
spread trough all Europe and North America. Steamweped engines in the 18
Century and internal combustion engines in th& Century have triggered an
alteration in the production process. Since thdorigower has substituted with
machinery equipments, working with energy souréasmajor sectors such as;
manufacturing, transportation, and agriculture.ibgithe mentioned period coal was

the primary energy source.

With the beginning of the 3D Century because of its chemical structure
including more hydrogen bounds and revealing higimargy in combustion period,
crude oil has become the dominant among other gnsogrces. The gradual
increase in the share of crude oil, as the domifael{ in production function in
overall economic activity and uneven distributidngtobal crude oil reserves, has
emerged the concept of energy security especialing healing the damage on
economies caused by the Second World War. Issuds &4 supply security and
efficient pricing mechanism has made crude oil bettiitical and economic

commodity which the countries try to manage foirtdevelopment process.

After the first oil crisis in 1973 most of the economists, policy makers and
academicians have started to discuss the consespiehdomination of OPEC in the
market and effects of OPEC administrated oil prioesmacroeconomic activity.

Most of the studies conducted on this sense, hawadf significant and negative

! Before 1973 crude oil reserves in Middle East ar@inly managed by the International Oil
Companies. States of Middle Eastern countries weceiving a royalty ratio from the producing
companies on which the debates emerged, resultédtiaé nationalistic political movements and
foundation of Oil Producing and Exporting Countfi€@@PEC in 1960. In 1973 certain OPEC
members have decreased crude oil production doome-Kippur War which led to a recession in
Western, developed countries.



correlation between energy, especially oil, shoeksl macroeconomic activity.
Therefore, increasing concerns on the dominatio®@BEC in the crude oil market
has revealed an alternative mechanism in deterromaif worldwide crude oil
prices; namely futures exchanges. In 1983 firstierail financial contract has been
offered by New York Mercantile Exchange (NYMEX)nee then, the volume of
transactions being held in futures exchanges hasreased gradually leading futures
exchanges be dominant in crude oil markets. Thecbasn for Western, oll
importing and developed countries in forming aifiarl/financial market for crude
oil was to avoid direct effects of OPEC’s monopatidehavior on prices and to
minimize short-term fluctuations, volatility. Th@mmon view of crude oil market
executives was stating that futures exchange wdutdnish price volatility of olil
and at the same time “invisible hand” would leafia equilibrium of price. On the
other hand, as it will be mentioned later, the giflcictuations in crude oil market
still have a considerable impact on macroecononuéators. Therefore, modeling
crude oil price volatility and analyzing the facaf short term fluctuations in crude

oil price have emerged as important topics amoagekearchers.

This thesis will focus on one of the factors lyibghind the crude oil price
volatility, futures trading activity and will tryot model the impacts of crude oil
futures activity on spot market. The primary suggesof this study is that futures
prices have a considerable impact on spot pricenesy This suggestion obviously,
challenging the basic idea that futures exchangee@ase market efficiency. If, any,
significant effect of futures trading on spot mdrkelatility is captured, it would be
quite possible to conclude that futures exchangefaded the primary mission of

increasing market efficiency.



The main contribution of this thesis to the relat@drature is that after
analyzing the fundamentals of crude oil industryl amicroeconomic structure of
crude oil market in historical contex, impacts ofufres trading on spot crude oil
market will be investigated using both West Texaterimediate (WTI) and Brent
crude oil markets data for the periods between 188810 and from 2008 to 2010,

respectively.

The remainder of this thesis is organized as fdlo@hapter 2 will handle the
basic fundamentals of crude oil market from botloneenic and technical
perspective and Chapter 3 will analyze the strectirfinancial derivatives market.
In Chapter 4, empirical relationship between finahderivatives market and crude
oil prices will be investigated and finally chapt®r will conclude with policy

implications.
2 Crude Oil Market

This section will handle the essentials of crudeneoarket with giving brief
information about the formation and history of ceuail, fundamentals of crude oil
industry, and microeconomic structure of crude woihrket in an historical

perspective.
2.1  Crude Oil as a World Commodity

Among other commodities crude oil has been treated has the dominant role
in the sustainable development process of worldh@tes since the beginning of
the 2¢" Century. Ediger (2005) concludes that dominatiborode oil in worldwide
energy system has named th&' 20d 21 Centuries as “Oil Era”. The importance of
crude oil in human daily life and industrial activhas been stated by many authors.

Maugeri (2006) states “No other raw material hasnbso critical in shaping the



destiny of nations, the development of military agidbal trade strategies, and
relationships between countries” and according &rgih (1991) “As we look
towards the twenty-first century, it is clear tinadstery will certainly come as much
from a computer chip as from a barrel of oil.” Oh2006) discusses the role of
crude oil in modern economies with stating the theat crude oil literally drives the
whole production functions in our planet apart frtre apparent function of fuelling
world transportation system. Rubin (2009) stated tbss and expensive crude oll
means higher transportation costs leading to ditechand a smaller world for all of
human being. Moreover, while Venn (2002) emphasiee role of crude oil on
conducting foreign policies apart from on macroexnits, Maass (2009) describes
the political power asymmetries that crude oil ceeate. On the other hand, book of
Leeb and Leeb (2004) was the first study which inastioned to the relationship
between crude oil prices and individual portfoliamagement within the context of

behavioral finance.

As all of these studies conclude, crude oil difftiem other commodities
because of its uneven distribution geographically, share in primary energy
demand, and high gains comprised by crude oil na@dind end-user marketing of
products. Moreover, those reasons have lead crulddéooone of the major
determinants in countries policies in the context pmlitical economy. The
production of crude oil, so far, have been veryseldo global demand but as
production peak approaches the divergence betwazmtlicators will make it clear
that there will arise a constraint of scarcity whibas been first introduced by
Hotelling (1931). Furthermore, it has become a comisense that the period during

which world economies has faced fairly low pricecafde oil, has ended. New era of



expensive crude oil has started due to supply-ddrdeaequilibrium and speculative

behavior in crude oil trading.

With the late 1900’s crude oil has started to lzeleéd in financial markets,
which will be discussed later in this chapter, niegga new concept for industry;
non-commercial trading, i.e. transactions heldrwestors and speculators who have
nothing to do with physical crude oil. Therefore,the 2% Century crude oil has
become a political, economic and financial commpodieating a new market which

the energy analysts have to analyze in a wideippetive.
2.1.1 Fossil Fuels

Fossil fuels, which include high percentage of lagdrbon compounds in their
chemical structure, are fuels that are generateseldymentation of dead organisms
under proper pressure and temperature conditionssilFfuels are known as
nonrenewable sources because their formation takliens of years. Therefore,
depletion of fossil reserves is much faster thamédion of new reserves. Coal and
petroleum are known as the basic types of fosglsfuThe physical structure, i.e.
solid, liquid and gas phase, of fossil fuels degenelavily on the chemical structure
and the corresponding reserve’s pressure and tetoperlevels. Petroleum is

exactly the combination of crude oil and naturad.ga

Coal was the first fossil source that is used lierpurpose of maintaining energy
for industrial activities, transportation, and hegt Although the evidence of coal
usage goes back to Roman Empire period, it wasumiit Industrial Revolution in
the 18" Century that coal has largely used for mentionedo@ses. From this

perspective it is acceptable to start the histdryusage of fossil fuels with the



Industrial Revolution period. Since than fossillfubave become the major energy

sources of mankind in daily life.
2.1.2 Formation of Fossil Fuels/Petroleum; Resource/Reses Dilemma

Formation of petroleum can be mainly analyzed mee¢hprocesses; generation,
migration and accumulation. The generation pro¢akss place in the permeable
rock called source rock. In this geologic sedimggtroleum maturates under proper
conditions of temperature and pressure. Once therateon happens petroleum
migrates from the source rock to reservoir rocke fiost two important properties
of reservoir rock are porosity and permeabilitysifles the common idea about the
underground petroleum reserves that they are likkke, petroleum is deposited in
the porous media of reservoir rock. The productakes place from this media. The
most primary factor of the reservoir rock is thiaoee this rock there must lay a non-
permeable cap rock. Furthermore, the fault betveagnrock and reservoir rock must

be convenient for petroleum accumulation.

Figure 2.1 Petroleum Generation, Migration and Accmulation
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One other confusing issue among petroleum indugryresource-reserve
definitions. According to the report of “PetroleufResources Managemeht”
resource is defined as all the “all quantities efrpleum naturally occurring on or
within Earth’s crust, discovered or undiscoveregc@verable and unrecoverable)
plus those quantities already produced. Whereasgrres are defined as the
resources, that are proved, ready to produce, ewoatly viable and technically

possible.
2.1.3 World Crude QOil Facts

Share of fuels in world primary energy demand isvahin Figure 2.2. In 1965
shares of crude oil, coal, natural gas, hydro-posred nuclear in primary energy
demand were 40%, 38.7%, 15.5%, 5.5%, and 0.3%ec&sply. In 2008, moreover,
the order did not change while shares of natural ayad coal have converged. In
historical perspective crude oil has always beendibminant fuel in primary energy

demand.

2 Report by SPE, AAPG, WPC and SPEE



Figure 2.2 Shares of Fuels in World Total Primary Biergy Consumption
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Figure 2.3 represents production and consumptiocrude oil globally. Apart

from the high correlation between two trends, ibiwious that both trends have a

gradual increase since 1965. Two trends have detéedtwo times in history in

1973 and 1979 because of first and second oil shodspectively. One other

deduction from the graph is that after 1983 botlider oil production and

consumption has increased from nearly 57 Mbbl/de&82t Mbbl/day in 2008.

Figure 2.3 World Crude Oil Production and Consumpton, 1965-2008.
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Another issue, regarding the world energy facts, the heterogeneous
distribution of world crude oil reserves among tilebe. As stated in Figure 2.4,
Middle East region, as commonly known, is leadingwiorld crude oil reserves.
Moreover, this creates a challenge that the maygrorting countries’ would face

because of crude oil demand of their economies.

Figure 2.4 World Crude Oil Reserves; 1980 — 2008n(billion barrels)
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Mentioned challenge rising above the distributidrciaude oil reserves among
earth crust, represented by the Figure 2.5, wh@da © derived as difference
between crude oil production and consumption byoreqy According to the Figure
2.5, the regions that have positive production migonsumption values, i.e. net
exporters, are Middle East, Central and South Artaedand Africa, whereas net
importer regions are North America, Europe and A&aific Region. One
derivation from the figure is that mentioned netporters are, by social and
economic means, more developed than the exportdiefore crude oil

consumption are directly related to developmenglewof countries.



Figure 2.5 Differences between Crude Oil Productioand Consumption by Regions
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This section has provided evidence that crudeasithe dominant fuel in global
energy demand, creates major challenges that thikel \was faced since 1965 and
will continue to face in coming years. With thispect, in order to define the recent

challenges properly, world crude oil history mustamalyzed.
2.1.4 History of World Crude Oil

Although there are different ideas about the bagmwof history of crude oill, it
is known that human being has met this crucial corlity thousands of years before
today. It has been even proved that Chinese pégslarilled the first crude oil well
in the 4" Century with bambods They had used crude oil to provide energy for
sugar production. On the other hand, first tecHrdnade oil well was drilled in 1859
by Edwin L. Drake in Pennsylvania, the USA. Cruddraustry accepts the date of
Drake’s well as the beginning of modern crude o#, eafter which crude oll
production and local crude oil transactions graguaktreased till the peak of crude

oil production in the USA. In the 1870’s Standaritl @ompany has established and

® parlaktuna et. al. (2007)
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become the world’s largest oil refining and mankgtgroup. During the mentioned
years crude oil demand of Europe has been suppliestandard Oil's refineries in
USA, with crude oil tankers passing the ocean.tsean passing crude oil tanker
was built by Shell Transportation and Trade Compahich has later merged with

Royal Dutch Company forming modern Royal Dutch 5Gebup.

With the transoceanic trade of crude oil, explanadi of reserves in Russia in
1876 and Iran (by William Darcy) in 1908, crude lnéls become a global commodity
which was the most important determinants of theulte of world two motorized
wars World War | and World War Il. According to Ygm (1991) ally forces has
bombed the Romanian oil fields and forcing Germaesvily depend on the
synthetic oif production which was obviously not sufficient fdemand of German
Army. As the World War Il gets over, need for atausable, secure and more
organized system for crude oil supply, which waseasal for transportation, energy
generation and petrochemical industry, lead Eunopeauntries and the USA

struggle for reserves in Middle East region.

Actually this was bidirectional dependence sincdiilev western developed
countries needed Middle Eastern crude oil, Arabcmuntries needed western
counterparties for the capital, expertise and teldgy to develop their crude oil
reserves and gain profit from this essential nhtoarce. Mentioned  dependence
caused American originated International Oil Comgsni.e. Seven Sisters, arising

as the dominant players in crude oil industry.

* Synthetic Oil is a lubricant consisting of chenhicampounds which are artificially made by
compounds other than crude oil.
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The vertically integrated structdref companies and long-term contracts were
two reasons of comparably stable crude oil mawkstit will be mentioned later in
this chapter, companies set the price, which whsdcposted price, with calculating
major costs such as share of host countries,difiimd transportation costs. The price

was not tested by supply-demand equilibrium.

The dominancy of international companies on crutimarket has continued till
late 1950’s. As the initial stage of developmentifde oil reserves completed, host
countries started to discuss oil companies’ cordrotheir natural sources. The first
world-wide dispute over the reserves has actuadlstesd in Latin America in 1920s
and spread over Middle East in 1930s. Whereasast mot until 1960s that Arabian
countries started to take actions on this issu&elptember 1960 Organization of the
Petroleum Exporting Countries, OPEC, has been fdrim@&aghdad conference with
the participation of Iran, Irag, Kuwait, Saudi Arapand VenezuefaWith respect to
the foundation objective aiming coordination andfying the petroleum policies
among members, organization has tried to secune dad stable prices. The
formation of OPEC was the most elementary consempueri crude oil reserve

nationalism in Middle East.

Two of the most important actions of OPEC membegsevthe production cut
and putting quota on exports to the western coesin 1973 because of the support
they gave to Israel in Yom Kippur, Arabian-Isra&iar. The mentioned actions has
concluded with the first oil crisis of 1973-1974enh (2002) separates crisis in four
parts; independent decisions of major oil exportereugh the control of oil prices,

long-standing Arab-Israeli dispute, imposing of lmalycott and implementing cuts in

® Integrated strcuture means that company holdbalactions of exploration, production,
transportation, refining and marketing actions.
® Source: official website of OPEC; http://www.opet,
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production. In 1979, as a consequence of IraniaroRgon world crude oil market
has faced the second oil crisis. Most of the reseas have agreed that this crisis
was originated by the rising tension of Cold Wariguk In 1980, the war between
Iran and Iraq has broken; forcing two of the foumgdimembers of OPEC cut

production levels.

Due to the political uncertainties over producteord supply of Middle Eastern
crude oil, the issue of dependence on this regaendegun to be discussed by major
importing countries. In 1980s alternative crudereserves; such as North Sea and
Central Asia, have attracted the attention of oilnpanies who seek an alternative
for OPEC oil. Moreover, the worries of developedsteen countries towards the
Arabian domination of the market emerged a new epndn 1980’s; futures
exchange in which like other commodities crudewmbuld be priced by free market
conditions. First crude oil futures contracts hdneen introduced by New York
Mercantile Exchange, NYMEX, in 1983. In a very dhime futures exchanges has
started to dominate the crude oil market. Since6198&8ce has been determined in a
manner which considers parameters such as phgsipply and demand of crude oil,
news about economics, politics, technology etaditrg volume in both spot and

futures markets, and decisions of large investougs.

Also in 1990s crude oil market has witnessed regjigolitical and economic
transformations such as fall of Soviet Union andropg of new markets, gulf crisis
and American intervention in Middle East. Among, atlaybe the most important
transformation was inside the microeconomic stmectof crude oil market.
Beginning with 1998 most of the major oil companies merged forming recent
international companies such as; Exxon-Mobil, T&etrofina-Elf, BP-Amaco,

Chevron-Texaco, Conoco-Phillips. This transformaiio the market was because of
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slowing demand and low prices. Moreover, nationhlcompanies of OPEC and
Non-OPEC countries has started to arise as the ngmp® of international olil

companies with the enhanced support of governments.
2.2  Fundamentals of Crude Oil Industry

For those who try to model the crude oil prices datermine factors affecting
price dynamics, understanding the fundamentalsrudec oil industry is essential.
Associations in energy industry such as SocietyPetroleum Engineers and
American Petroleum Institute divide petroleum bass into three sub-sections
according to operations; upstream, i.e. exploratmal production of petroleum,
midstream, i.e. transportation of petroleum, dovessh; refining and marketing of

refined products.

Figure 2.6 Petroleum Value Chain

UPSTREAM MIDSTREAM DOWNSTREAM
EXPLORATION REFINING
Licence 2 TRANSPORTATION & e
Agreements USER
PRODUCTION MARKETING

Source: Author

The Figure 2.6 represents the petroleum value chaihis value chain all three
steps require financing. On the other hand, witthi@ context of risk and return
analysis, upstream operations are riskier thanraéetions. Moreover, most of the
returns gained in petroleum industry are in dovesstr operations. The risk
associated in the upstream operations is due tamber of factors such as,

insufficient information about the reserves whilgpleration and production
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processes geological structure of reserves etc. fila@cing is more required in

upstream operations when compared to other twaosesct

Therefore, the oil companies who are verticallygnated; working in all three
branches of industry, are comparably more pro#abhese integrated companies
are dominating the industry with higher rate ofures and higher availability for
financing the upstream investments. This part ef thesis will try to analyze the

basic mechanisms of upstream, midstream and davamstoperations.
2.2.1 Upstream

Upstream operations in the crude oil industry ceinsi exploration of crude oil
reserves and production from wells drilled intostereserves. This section will

analyze the fundamentals of upstream operations.
2.2.1.1 Exploration

Exploration process carried by geologists are mpdimtusing on evaluation of
formations and finding recoverable reserves unaergt. For this purpose according
to Grace (2006) seismic surveys are the basic.tdbks working principle of seismic
surveys consists of sending an artificial shockanthe ground and receiving the
shock waves which are reflected by the sedimeriteoAgh the technical process of
gathering data with seismic surveying is simple, ¢valuation of these data is not.
The recent developments in seismic surveying tdolgyoenabled 3D and 4D
analyses to find proposed formations, which wouided be evaluated with
exploratory drilling. Other survey methodoligiesngoon geological formations are
gravity and magnetic surveys (Jahn et. al. 1998 former methodology measures
the small variations of the Earth’s gravity whileetlatter detects the changes in

magnetic field of the Earth.

15



Once the possible hydrocarbon bearing formatioesdaitled, structural maps
and well logs would give better and more accurateormation about the
underground geological structure. Well logs of fations are evaluated according to
some factors like, gamma radiation, density, eleatresistivity and transitivity of
sound waves. All these surveys and evaluationgl@me to characterize the objected
formation in order to find hydrocarbon accumulatid¥ell logs are accepted as the
most important tests for evidence of hydrocarboruawlations and further

development of formations are processed accorditiget well logs.
2.2.1.2 Production and Reserve Management

The exploration of crude oil under the ground ie thasic starting point of
petroleum value chain. The second step is the ptmiu of hydrocarbon from
reserves. Drilling is the basic process of prodgicarude oil from well bores.
Drilling rigs are necessary systems which provitde support for raising and
lowering drill string. Drill string is the combinan of equipments and drill pipes,
which are connected to the drill bits to produce wWeight on it. Drilling bit makes
rotational movement to cut the subsurface formatiowhen the hydrocarbon
bearing zones are met the drilling procedures enatantinue with production

process.

The reservoir management is crucial for sustaingtuction from wells.
There exist two types of production from reservdihen the production takes place
by the natural energy of the reserve than this tfgeée production is called primary
recovery. The energy of the system can be createdadny different factors, varying
according to the type of the reservoir such asdya® or water drive (aquifier) in
which the required energy is created by the presstigas and water respectively

(Lyons, 1996).
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If the energy of the reservoir system is not sigfit for lifting the crude oil to
subsurface or if the pressure declines gradualtiyngyroduction, artificial energy is
installed by production equipments such as; purkiigh the help of this artificial
energy, secondary recovery takes place from trerves. Reservoir management is
important during secondary recovery phase. Maip@sg of reservoir management
is obtaining the efficiency in production from tineservoir. The optimization of
reservoir must be conducted with considering thargg production rate since when
the production rate rises above a critical valwemations can be damaged. In a

damaged system, accumulated hydrocarbons can esoap&actured formations.

Obtaining the optimal production rate, on the othide, is a complicated issue.
While determining the optimal production reservoi@nagers and engineers have to
consider technical and economical constraints. rMetmation of amount of
producible hydrocarbon depends heavily on the telclgical opportunities that the
field engineers can use. In this respect, the ggmb subsurface formation and
geographical location, onshore or offshore, of theserve are vitally important.
Moreover, the price of crude oil, economic costd distance of the reserve from
market are the main indicators of determination esbnomic value of future

production.

With this perspective Banks (2008) explains the hoeblogy of sustaining
optimal crude oil production level. The main deteramt of this methodology is
determining the life of the reserve; reserve tadpation (R/P) ratio, where R is the
reserves in terms of barrels and P is the producato in terms of barrels per year.
Once the critical R/P ratio is determined the resiermanagement would be done in

order to maintain this ratio by decreasing productiatio gradually.
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R/P ratios of worldwide reserves are important gatbrs for crude oil market
since it gives an insight of world production peaid depletion time of the reserves.
The current R/P ratio of the world crude oil resanis 42,12 yeafsAs Maugari
(2006) states the crude oil reserves are finitenmubne knows the exact time of

depletion which depends heavily on the determimadiocritical R/P ratio.

From reservoir management point of view the impdrthing is not the exact
depletion of crude oil reserves but the date ofdpotion peak. According to
geologists the technological innovation would erdgarthe reserve management
techniques leading the peak be delayed. Econonuist$he other hand, states that
during rising trend of crude oil prices, the ressrwould diminish in a higher rate
leading to a quicker peak. Reserve managementinvitiis context, rise as the vital

phase of petroleum value chain.
2.2.2 Midstream

Midstream of petroleum industry mainly focuses ba transportation of crude
oil. Transportation in the industry was born nalyralue to the geographical
distance between reserves and market. The earlg yéandustry witnessed crude
oil transportation with horse carts and trains. &se of increasing costs due to the
cartelization of horse cart owners in 1860s, croillenarket experts have found an
alternative way to carry the produced crude oilrfricelds to train stations; pipelines.
Since than pipeline type of transportation has kéenmajor methodology used in
midstream operations in the industry. In the begignof 1900s the need for
American oil export in United Kingdom and other &pean countries lead a new

concept to emerge; transoceanic transportationroflec oil. It is obvious that

" Source: BP Statistical Review of World Energy 26a%ort
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pipelines were not adequate for this process tberefankers started to be used as an

alternative transportation procedure.

Today two options for transferring the crude odnfr resource regions to the
markets are pipelines and tankers. Although théydesf appropriate transportation
system for crude oil is dependent up on trade &@iens held by countries, there

exist some other constraints such as; politicanemical and technical.
2.2.2.1 Constraints in Transportation

The basic constraint of designing a proper trartation scheme for crude oil is
the distance between the source and the markeanfexample for Japan crude oil
market the pipeline transportation is nearly imgmes On the other hand,

transportation of crude oil within the land will\abusly be with pipelines.

Moreover, the political aspect of transportatiopetychoice suggests that the
pipelines are the technical linkages between camsand may be used as political
tools during debates. For the most of the casesvgneducing country tries to
enhance its political power or increase its crudesales revenues with making
higher price deals flow from pipelines would be.ddh the other side, consuming
country would challenge the power of supplier aafter diversifying its sources of
energy supply, would use pipeline to dictate itsv@o on supplier. Therefore,
pipelines are the basic element of energy intenudgecy game. Tankers, in this
regard, provide a flexible option. In short terrade agreements tankers are more

useful than pipelines.

Crude oil industry economists mainly consider thstger kilometers that the

crude oil will be carried when they design the $ortation system. As the distance
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between the field and market increases, tankersoeccally become favorable

when compared with pipelines.
2.2.2.2 International Trade of Crude Oil; Trade Paths

Table 2.1 represents the worldwide trade pathswuafecoil. The most significant
quantity of crude oil is traded from Eurasia anddté East to Europe and North
America, due to which the importance of modelingd a@mding the optimal

transportation system for crude oil trading risea &rucial issue within the industry.

Table 2.1 International Crude Qil Trading Paths for Year 2008 (in million tones)

To

South and Other Asia
From us Canadg Central Europe| Africa | Australia | China | India Japan| Singapore Pacific

America
us - 13,1 25,4 244 18 08 od 07 3,6 43 1,4
Canada 121,7 - ot 1,6 - - - 0,1 - -
Mexico 64,7 1,4 4.3 7171 - - - 1,9 - 0.1 -
S. & Cent. 119,4 1,0 - 250 11 -| 15| 58 o1 78 0.1
America
Europe 43,4 8, a8 - &9 - 02 05 1,4 53 1,4
Former 23,8 1,6 3, 3185 11 0,6 224 20 8,2 5,0 6,6
Soviet Union
Middle East 119,7 6, 58 276 | 445 5,4 92/0 107,6| 196,9 53,1 238,3
North Africa 32,6 8,9 51 101,3 1,0 0,3 a2 43 0,4 0,1 3,1
West Africa 90,9 5,2 150 49,5 45 - 39,1 16,6 1,1 0.1 6,7
Australasia 1,8 - - - - - 90, 0,2 2,6 3,5 6,6
China 0,8 - 4, o3 04 0,2 - oL 13 2.1 9,2
India 0,3 - 1,6 33 - - 02| - 1,4 6,8 20,0
Japan - - 0.1 12 - 2,6 4,9 06| - 4,6 2,4
Singapore - - 1, 24 16 121 49 29 1,4 - 49,2
Other 5,3 - 1,5 2,5 o5 200 214 58| 207 38,0 -
Asia Pacific
Total imports 636,6 48,4 71,9 8G9 73,4 43,6 217)8 149,7| 2442 130,9 345,7

Source: BP Statistical Review of World Energy
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2.2.3 Downstream

Obtaining the end user products with processinglerail and marketing of
these products is named as downstream, the lagidbuhe least sub-sector of the
industry. The mechanism of downstream oil indusin;much more complicated than
the ones of upstream and midstream. This sectidhesis will briefly describe how

downstream petroleum industry works.

First action held in downstream industry is rafgniof crude oil. The primary
goal of an oil refinery is to convert the crude wltransportation fuels, which are
economically more practical. Moreover, refineridsoaproduce different products
such as; asphalt, pharmaceuticals, plastics, drdrge. Although, the basic working
mechanism of refineries is simple atmospheric Ithsthn of crude olil, there exists
some other and more technological operations, sash catalytic cracking.
Atmospheric distillation is, basically, heating deuoil to separate the products with
regard to their boiling temperatures. On the othand, catalytic cracking is the
chemical procedure that is used to convert heaviptoi economically more valuable

products such as gasoline and lighter productsy(&@aad Handwerk, 2001).

Crude oil distillation capacity of global refinirgystem and global demand for
petroleum products, such as light distillates, meddistillates, fuel oil and others,
are shown in Figure 2.8. As it can be clearly sikem the figure, world refining
capacity has increased gradually from 1965 to 188fh has been relatively stable
during period between 1980 and 2000, which is fedd by an increase again. It has
reached to nearly 35 years’ peak in 1980, withlaevaf 79 Mbbl/day, when demand
for petroleum products has declined as a resutkgfocketing prices with first and

second oil shocks in 1973 and 1978 respectively.
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Figure 2.7 World Refining System Distillation Capady and Petroleum Products Demand, 1965-
2008
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Source: BP Statistical Review of World Energy 2009

As represented in the Figure 2.8 products demaxdrefning capacity have
very strong co-movement except fuel oil. All trendsrease gradually since the
1965 and show similar respond to oil shocks in 128terwards demand for fuel oil
started to decline gradually while the other praduncrease. In 2008 while total
distillation capacity was nearly 90 Mbbl/day, demgarfor light distillate, middle
distillate, fuel oil and other products were 26 NMbtay, 31 Mbbl/day, 9 Mbbl/day,

and 17 Mbbl/day, respectively.

The primary conclusion to be derived from the abanalyses is that in order to
meet increasing demand for crude oil products, advstill needs crude oil. Moreover,
Since the main input and outputs of downstreamiralustry are crude oil and
petroleum products, respectively, prices of thosedpcts are highly and directly
related with crude oil prices. In this regard, wthe end-user consumers will face at
the pump stations will be the consequence of dewedmts in crude oil market.
Therefore analyzing crude oil pricing mechanismmare generally microeconomic

structure of crude oil, does gain importance asiaial issue.
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2.3  Microeconomic Structure of Crude Oil Market

“Today, the oil market is as good as it can be.hWierally thousands of oil
traders negotiating prices all over the world...” s&rwel (2006) and adds “from
Economics 101 textbooks we remember that commaquliges are a function of
demand and supply. But today’'s market is respondmgadditional pressures-
geopolitical tensions as well as speculative agfivi The importance of analyzing
the crude oil market structure in historical comtgs crucial in terms of
understanding the mechanism of crude oil pricesytod@his section will therefore
try to explain how the microeconomic structure ofide oil market has changed
since the beginning of the ®@entruy. Most of economists know about OPEC but
little knows what have been the drivers of crudgaces during pre and post OPEC
periods. This section is divided into three maingacluding pre-1973; dominancy
of international oil companies, 1973-1983; domioatof OPEC and post 1983; free

market regime.
2.3.1 Crude Oil Market before 1973

As Mabro (1984) states there has been differestrgiregimes in different part
of oil history. Before 1973 crude oil market wasnmdoated by international oil
companies. According to Fattouh (2007) host coastin which crude oil was being
produced, played no role in determining the quamtitproduction and hence in the

determination process of prices.

During the subjected period the price, which walkeda‘Posted Price”, was
determined with including lifting and intra-compatnginsaction costs. The prices did
not reflect and respond the physical market comaitisuch as demand and supply

instead they reflected the terms of long-run agexembetween oil companies and
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buyers. According to the report of Energy Chartecr8tariat (2007), period between
1928 and 1971 witnessed oligopolistic cartel bedrawf companies called seven
sisters. On the other hand there was a competiti@md-user consumer market. As
Maugari (2006) mentions, the period has witnessddtively stable price trend

around 2 $/bbl.

Especially after World War IlI, during the periodtlween 1950 and 1970,
industrialized economies enjoyed stable and lowegsti Stournaras (1985) explains
the stable trend in oil prices with two factors;reasing returns to scale of upstream
operations and the positive future expectationsuitwoude oil market stability.
Hence one can point out that relatively stable,loe volatile and lower crude oil

prices boost development process.
2.3.2 Crude Oil Market between 1973 and 1983

Increasing tension among Middle East countrieseleawerged the formation of
OPEC. The primary aim of the OPEC has been to aser¢he oil sales revenues of
crude oil producing countries. On that sense, OPRE affected microeconomic
structure of crude oil market with controlling tbeude oil production levels among
member countries. The dominancy of OPEC in the ptanks started with the first
oil crisis in the year of 1973. Since than theres Heeen a plateau of studies
investigating the role and behaviour of OPEC in tharkef. Most of which has

resulted with a significant impact of OPEC in wevlde crude oil markets.

Behavior and the role of OPEC in world crude oilrked may be analyzed by
three of the market models; cartel model, Stackgllwminant firm model and
Arrow’s general equilibrium model. In the cartel deb, OPEC is assumed to behave

as a unique monopolistic firm which determines phees of crude oil in a manner

® Kennedy (1974), Gately (1984), Roberts (1984),dred (1984), Alhajji and Huettner (2000)
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that it maximizes OPEC countries’ total revenues.Stackelberg model, Saudi
Arabia is assumed to be the market leader amoreg ottuntries. In addition, Arrow
model assumes that all the producing countries afftct the prices equally with
determining the production levels if disequilibriuexists in the market. On that
sense, most of the experts conclude that duringl8¥#8-1978, the period of oil
crises, cartel model fits well to the market stimet Roberts (1984) founds that for
the period of 1978-1979 the Arrow’s and for 19783 %Stackelberg models are

applicable to the market structure.

The selection of the appropriate model for the markicroeconomic structure
during 1973-1983 period is out of scope of thisigiwhereas the respond of prices
to OPEC dominancy worth to be discussed for furtmalysis. Figure 2.9 represents

the transformation of crude oil market dominancg arude oil price trends.

Figure 2.8 Real Prices of Crude Oil since 1940 arldarket Domination
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According to the Figure 2.9, one can obviously fegwout that with the
beginning of the dominancy of OPEC crude oil pricend has changed with a
sudden increase and continued till 1980. Afterwarelsd witnesses structural break

resulting with a downward trend. The increase i fllactuations, i.e. volatility, in
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crude oil prices were due to the political tensiamsated by the dominancy of
OPEC. During the pre-1973 period, the period of panies, crude oil was a
commercial commodity. On the other hand with thenoh@ancy and supply cut
decisions of OPEC in 1972, crude oil has becomeliiigal commodity used as a

weapon by producing countries in order to protestom-Kippur War.

As Mabro (1984) stated the major objective of thpogting country is to
influence the prices because the price is theaim#venue. During the dominancy of
OPEC, with no doubt prices were administrated bynivers. The wealth created in
the crude oil industry therefore, transferred fromternational oil companies to the

member countries.
2.3.3 Crude Oil Market after 1983

In mid-1980s due to new oil field discoveries innMOPEC countries and
increasing liquidity conditions in worldwide crudd market, OPEC administrated
crude oil prices has become insufficient in deteing worldwide price of crude oil
as stated by Grace (2006) and Fattouh (2007). tiitiad to those, increasing
concerns about the dominancy of OPEC has lead a cmweept emerge in
developing countries; futures exchanges tradingdifg in futures exchanges, as an
alternative, has created an advantage for majatecoil importing countries. During
the history of crude oil market since 1980s, thegetitive structure was in the end-
user market and prices were not reflecting the iphalsnarket conditions such as;
demand and supply. Whereas, with the dominatiofutnfres exchanges, crude oil
prices started to reflect all the relevant infonoat about physical market

fundamentals.
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On the other hand, as Venn (2002) stated pricermdetation process has
become more complicated when compared with the ORIEG@ companies
dominancy period. The reason lying below that weas ihcreasing number of the
market participants such as oil companies, refaselindividual investors, funds and

speculators.

There has been a number of attempts to explaimtbeeconomic structure of
crude oil market during period of futures exchadgeination. Geroski et. al. (1987)
mentions the structural change in crude oil maket980s. They found that market
variables such as lifting costs, demand and sugiglyificantly affect the prices in
varying manner. Serletis and Hulleman (1994) canfihe theory of storage, which
suggests decreasing rate in marginal conveniemrde iyi futures market as inventory
increases. The study of De Santis (2003) analyhes determinants of price
fluctuations during the period between 1985 and0200Dhis study rejects the
hypotheses of competitive market and cartel/monsfoimarket structures of crude
oil and finds that external shocks have a signifigenpact on variations of crude oil
prices and supports the basic idea of pricing tiigrination in futures market. The
report of Energy Charter Secretariat (2007) suggeeit prices, during this period,
are being set by a competitive market structurexithanges. Price volatility tends to

increase and prices vary from 25 $/bbl to 150 $adsldhown in the Figure 3.

Moreover Mabro (1998) investigates the causes dividual 1998 oil price
crisis and finds out that the contango structire oil futures contracts leading
decrease in the futures expectation of oil pri¢@8ian (2006) and Segal (2007)
investigates the structures and determinants afecail prices during the post-OPEC

dominancy period. Both studies conclude with statine oil crisis in post-OPEC

® The upward sloping forward curve where futuresgsiare greater than spot prices.
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period differ those during OPEC dominancy becabsg tire more subjected to the

external shocks created by many participants inrtheket.

The study of Fattouh (2007,a) could be treated has kest of its kind in
investigating the basic mechanism of crude oil rearkicroeconomic structure and
price determination. He tests the market for thmeelels; the theory of exhaustible
resource¥, conventional supply-demand framework and inforagaproach, which
analyses the crude oil prices in both economic pmoidical context. In the final
approach, he suggests that the physical marketitcmom] i.e. supply disruptions,
variations in demand, political crisis, etc., alteeaternal shocks to the trend of crude
oil prices. Since the crude olil prices are stogbgsbcess, the external shocks seem
to be permanent. In his other paper, Fattouh (2)0studies the pricing power of
OPEC in crude oil markets and finds out that, tbevgr of OPEC is not straight
forward in 2000s due to the variable OPEC behaasymmetric influence of OPEC

on prices and the number of participants in prieednination procedure.
3 Futures Trading Activity

Because of the above mentioned transformation liprade dominancy, it has
become crucial for crude oil associates to investighow the futures exchanges
work. This section will try to give an insight olmet mechanism of futures exchanges
and basic trading fundamentals of commodities andiec oil in particular. The
section will flow as follows; first the history arghsic working principles of futures
exchanges will be analyzed. Secondly, the comnesdititures will be taken into
consideration. Finally crude oil futures and effioty of crude oil derivatives market

will be investigated in detail.

1% First introduced by Hotelling (1931)
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3.1 Derivatives Markets and Futures Exchanges

As Andersen (2006) defines, derivatives have becamiecreasingly important
element of global business with offering systematiernatives to risk managers in
different forms. Financial derivatives are finarnadiastruments that are linked to
other financial instruments and commodities, whack named as underlying items.
They are generally in form of contracts. InternaéloMonetary Fund (IMF) states
that a financial derivative contract is a finandiastrument through which sort of
financial risks, such as interest rate risk, foneexchange risk, credit risk, can be
traded in financial markets. Main objectives ofafiicial derivatives can be counted
as; risk management (hedging), arbitrage and spiéanl and major actors are
hedgers, speculators and arbitragers. Moreoveoydiog to the survey conducted by
International Swaps and Derivatives AssociatiorD@$ in 2003 almost 90% of
derivatives are used for risk management purpd¥éh. this perspective derivatives
are contracts between two parties used in ordeedace risk for one and to offer
high return for the other. There are mainly thrgees of derivative contracts; futures

(and forwards), options and swaps.
3.1.1 History and Mechanism of Futures Trading

As Hull (2005) states, a futures contract is areagrent to buy or sell an asset at
certain time in the future for a certain price.rétent years, number of exchanges
through the world is offering contracts. The biggeses are; Chicago Mercantile
Exchange, New York Mercantile Exchange, Intercarital Exchange, and London
International Financial Futures and Options Excleanguture contracts enable
people trade with each other by buying and seltimigtracts. The one who agrees to
buy the asset has a long futures position, andvadme agrees to sell has a short

futures position. The price of the contract is ndnas futures price. The price is
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determined from underlying item. At the deliverytal#his price is called settlement
price. Futures contracts are highly standardizedrder to ensure their liquidity by
specifying; the underlying asset or instrumentetyd settlement, the currency in

which futures contract is quoted and the deliveonth.

Although roots of the futures trading go back te #mcient times, an organized
and modern type has begun in United States in 1800848 The Chicago Board of
Trade was established in order to organize futwealinigs between farmers and
merchants. The earliest forward contract recorded ¥r 3,000 bushels of corn.
Forward contracts gain popularity among merchamtisprocessors. In 1874 Chicago
Produce Exchange was established for other produis as; butter, egg, poultry
etc. In 1919 it was renamed as Chicago Mercantdeh&nge as reorganized to
provide futures trading. Since than futures exgeanhave offered several

derivatives for commercial and non-commercial trade

Futures contracts are referred to by their delivadates. For long position there
is a period of time for delivery. Investors, takitgng positions, usually refer
contracts as the delivery month and name of th&racntogether such as November
oil futures contract. Most of the time, deliveryedonot take place. Investor taking
long position at some month before November colddec his long position by
selling the contract and opens a short positionw Wevestor buying the contract,
therefore, becomes an investor opening the longtipos This process is called

opening and closing futures positions.

When developing a new contract, the exchange npesiify in some detail the
exact nature of the agreement between two paitisbould specify the underlying
asset, the contract size, the delivery date angldee of delivery. This process is

named as standardization. Also the price of futw@#ract is determined by both
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underlying asset in stock market and by futuresketarWhen delivery date
approaches, future price converges to spot pricthefunderlying asset. At the

delivery date both becomes equal.

One of the key roles of futures exchanges is tameg the trade. This is where
margins come in. Investors deposit their funds maagin account. At the beginning
of a contract investor must deposit initial margmount. At the end of each trading
day future price of the contract is observed anthexhor lost money is added or
extracted to initial margin. Hypothetically, if @mtract looses value that amount is
extracted from initial margin, in addition to thextracted initial margin falls below
an amount that investor could not continue his stwent, then he receives a margin
call saying that he must complete his deposit upnittal margin amount. The

amount at which the call is received is called rre@iance margin.

Although in most cases positions are closed andepbefore delivery date, it
would be useful to get over the delivery processlivery periods are determined by
exchange and it varies between different contrddivery decision is made by the
party with the short position. And long positiomless must accept delivery notices.
First notice day is the time in which first notioé intention of delivery can be
submitted to exchange and also last notice dageastime for last notice delivery.
Last trading day is generally few days before #st hotice day. Long position party
must close the position after the first notice dagprder to avoid the risk of taking a

delivery.
3.2 Commodity Futures

As mentioned above, the main objective of usingrieg derivatives is hedging

and because of their market structure, with higk,rcommodity futures contracts
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constitute a major part of total futures tradinggn@n (2005) describes the risks of
commodity trading in four main parts; price riskartsportation risk, delivery risk
and credit risk. The need for futures market in gwdities trading has arisen from
the importance of commodities in international &dmketween economies. With the
introduction of futures contracts, standardizatidrprice, delivery and quantity has
been emerged. In the late™and early 28 Centuries, futures exchanges have been
formed for the corresponding commodities such aswNork Cotton Exchange

(NYCE), International Petroleum Exchange (IPE), don Metal Exchange (LME).

According to the Rational Expectations Hypothe$iist introduced by Ruth
(1961), futures prices are exactly the expectatiospot price in the maturity date of

the contract and can be written as;
FT(t) = E[S(T)/ 1]

where, F'(t ) is the price of the futures contract with maturdfy T at date t,
E[S(T)/ ft] Is the expected spot price at date T with thelavie information at date
t. Moreover, futures price of a storable commoadll include costs of financing
and storage and benefits of holding the commaodity;

FT(t) = St)x[1+r(T —t)+c(T -t) - y(T -1)]

where, S(t)is the current spot pricer,(T—t) cost of financing the purchase of
commodity, c¢(T —t ) is the cost of storing the commodity aydT —t is)the yield
due to holding the commodity.

Although, the price determination in futures markedut of scope of this thesis,

it would be convenient to mention to these equationterms of analyzing the crude

oil futures price mechanism since, apart from thetdrs mentioned over, scarcity,
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reserves and spot price volatility have the infheemffecting the futures contracts

prices.
3.3  Crude Oil Futures Trading; Exchanges and Benchmarks

As mentioned above, since 1983 crude oil futurevehdeen traded
internationally on exchanges. Introduction of fioh derivative instruments into the
oil market in 1983 with the first contract of NYMEWTI futures, took place in the
name of handling the risk of price volatility whi¢tas emerged in the presence of
domination of OPEC in market. Although, the mainrgmse of agents futures
exchanges has been hedging, speculators have taksignificant number of
positions in order to benefit from arbitrage oppaoities since mid-1980s. As
represented in Figure 2.9 above, volatility of @ud prices has increased during the

period of futures exchange dominancy.

As it can be deduced from the Figure 3.1, the miaason lying behind the
increase of volatility during post-futures era iruade oil market has been the
increasing amount in futures trading volume. WHhile physical crude oil production
has stayed in the same band during the period ff®83 to 2007, volume traded in
the NYMEX futures exchange has gradually increastmwing that the market
participants are not only commercial hedgers aadeirs but also investors and
speculators. Therefore, crude oil markets have rnecan important issue for both

commercial and non-commercial experts.

33



Figure 3.1: Volume of Transactions Held in Spot Crde Oil Market and Futures Exchanges
(Representative: Nymex WTI Crude Oil Nearest MonthContract)
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Source: NYMEX & BP Statistical Review of World Energy 2008 Report

The two most important world-wide markets are NYMEXNew York, the
USA and ICE (formerly IPE) in London, the UK(James; 2008). A common
property of all commodity futures is the standaation process with specifying
underlying commodity, size, delivery process, dyaiind grade. In crude oil case,
underlying product, generally, is accepted as #ecbmark of contract. While, for
NYMEX futures contract the benchmark is West Telxdésrmediate, WTI, crude oll,

for ICE futures contracts the benchmark is Breoteroil.

Prices of these mentioned benchmarks are, moreaeegpted world-wide as
the crude oil prices. The two most important prigasted daily in these exchanges
are spot prices and nearest month contract pr&est has been explained in the
section 2.3.3. daily crude oil spot prices are whetged according to the physical
market conditions and the news created world-widéhereas, nearest month
contracts are priced in a manner of supply and ddneajuilibrium created in the

futures exchanges by market participants. Eachcgaant, with the assumption of

M First crude oil contract was established by Newkvdercantile Exchange in March 1983 with the
name of West Texas Intermediate WTI crude oil fesurcontract. Then, in November 1983
International Petroleum Exchange, today known agr@ontinental Exchange (ICE), London,
established Brent crude oil contract which wassediin 1985
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rational behaviour, considers and evaulates tharnmdtion created by news in the
physical crude oil market and takes positions. &fwee, the expectation is that
futures contract prices are directly related togpet prices. On the other hand, since
the volume of the futures trading activity in cruoié market has so far been much
more than physical transactions, the primary suggesf this study is that futures
prices have a considerable impact on spot pricemesy This suggestion is
challenging the common view of executives of crodederivatives market stating
that futures exchange would diminish price volgtilof oil and at the same time

“invisible hand” would lead a fair equilibrium ofipe.

It is a crucial issue because, as the most impontgout for all the industries,
crude oil has been a term of foreign trade for tgped countries. Therefore, for a
sustainable development policy, oil price voldyilhad to be controlled. The main
objective of this study is to analyse empiricalljhether the financial market

transactions has reduced oil price volatility ot.no
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4 Empirical Analysis
4.1 Literature Review

In the financial literature relationship betweenatiity, an indicator of risk, and
return has been studied as a rising issue by nunftetudies®. The major outcome
of all of these studies is that volatility and egt@el return is highly interdependent.
While, Backus and Gregory (1993) have studied thlationship between risk
premiums and conditional variance, the study of Eanal. (2008) points out the
importance of capturing volatility for measuring dvie at Risk’. Combes and
Guillaumont (2002), on the other hand, examine \tbierability of developing
economies on commodity price volatility and conahgdwith the necessity for
management of risk created by commodity price udlatAs Yang et. al. (2002)
states price fluctuations in price of crude oiltlas most important input commodity
for economies result with a high vulnerability iewloping countries. Moreover,
Regnier (2007) states that crude oil prices areemotatile than other commodities,
produced and sold domestically. Therefore, meaguha crude oil price volatility is

crucially important.

Although there has been a plateau of studies exagithe oil prices and
macroeconomy interconnectidfishere have been very few papers investigating the
impacts of crude oil price volatility to macroecomp The of Ferderer (1996), which
conducts the empirical model between oil price tittha and macroeconomic
indicators with considering the asymmetric struesrconcludes that oil price

volatility has negative and significant impact antut growth rate. While, Guo and

12 Black (1976), Pindyck (1984), Poterba and Sumni#@86), French et. al. (1987), Chou (1988),
Bollerslev et. al. (1988), Baillie and DeGennar69Q), Theodossiou and Lee (1995).

13 Mork (1989), Kahn and Hampton (1990), Huntingt@@98), Brown and Yucel (1999, 2002), Gao
and Madlener (1999), Hamilton (2003), Dickman anolléivay (2004), Guo and Kliesen (2005),
Rogoff (2006), Sill (2007), Kilian (2008) and Olaip(2009).
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Kliesen (2005) investigates the relationship betwd& output growth rate and oll
price volatility and Rafiq et. al. (2009) uses Taad macroeconomic indicators,
such as GDP growth rate, investment, unemploymefigtion etc. Both studies

found significant impact of oil price volatility omacroeconomic indicators.

Oil price volatility not only affects macroeconomiadicators but also has a
significant impact on end-user petroleum relatemtipcts, this situation is increasing
the vulnerability of economies. Gjolberg and Jolmn&99) founds the evidence of
long-run co-movement between oil and refined preglyeices. Radchenko (2005)
concludes with asymmetfitand negative relation between oil price volatiktyd

gasoline prices.

With regard to all the importance of modeling vibitgt as stated by Aydemir
(2002), studies have so far developed three maygirecal methodologies; ARCH
type, stochastic and regime switching volatility dets. While the stochastic
volatility modeling, proposed by Harvey (1981), kwown to be the leading
methodology, the primary ARCH type conditional \tdiy model; Autoregressive
Conditional Heteroskedasticity, ARCH is developed Engle (1982). Bollerslev
(1986) has extended ARCH model by involving the actpof lagged terms of
conditional variance series by developing GenezdliAutoregressive Conditional
Heteroskedasticty, GARCH. Nelson (1991) has dewsogxponential GARCH,
EGARCH model to handle with the constraint of nagativity. The study of
Bollerslev et. al. (1994) defines the technical @mapirical properties, with giving
detailed information about issues such as vobhatdlustering, thick tails, leverage
effect, model selection, of ARCH type models vergillw Furthermore, Pagan and

Schwert (1990) and Higgins and Bera (1992) defithes nonlinearity concept in

14 Asymmetric relation means positive price shocksehgreater impact than negative ones.
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ARCH type variance modeling. As an extension inatibly modeling literature
Hamilton (1988,1989) proposed Markov regime swiighimethodology for
capturing the effects of sudden changes in trers tduexternal shocks. Study of
Dacco and Satchell (1995) tests the forecastinfppeance of regime switching

models and concludes that these are not as effiege@GARCH type models.

There have been a number of extensions in the iNylainodels including
transformation of original volatility models. Lingnd Li (1997) has combined
ARFIMA and GARCH models to model fractural integmtautoregressive moving
average time series with conditional heteroskedagtiTse and Tsui (2002) has
proposed new GARCH model in a multivariate contexith time varying
correlations. Moreover, while Hamilton and Susni€l94) and Cai (1994) combines
the approaches regime switching and ARCH methogdiogxplain and capture the

variance, Liu (2000) studies regime switching sastit volatility modeling.

The other extensions done on the volatility modgkne measuring persistency
and capturing structural breaks in variance seNetson (1990) and Bollerslev and
Engle (1993) conducts Integrated GARCH (IGARCH) mlpdEngle (1993) on the
other hand, uses EGARCH model to capture the pensig. Moreover, Fernandez
(2004) and Malik (2005) uses lIterative CumulativamS of Squares (ICSS)

algorithm to test the variance series for presefictructural breaks.

There has been a plateau of studies conducted tizlntioe volatility in stock
markets, interest rate, inflation, foreign exchanggrket and commodities. Study of
Fama (1968), which analyzes the behavior of stoekket prices, has become a
seminal paper. While, French (1980) conducts agendalk model on Standard and

Poor’s composite portfolio to test the weekendatféa fluctuations in stock returns,
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Gibbons and Hess (1981) investigates the day ofvések effect® on asset returns.
Besides the so far mentioned studies, the papBotErba and Summers (1986) was
the first of its kind, which models, directly, thvlatility of stock returns with a
stationary AR(1) process conducted on monthly reafrS&P 500 index and found
out that volatility is temporary. Chou (1988) clealfjes the finding of the latter study
by investigating the volatility persistence usingRBCH modeling on weekly returns

of NYSE value-weighted index and finding persisgemcvariance.

Akgiray (1989) models the volatility of the dailgturn of CRSP value-weighted
index for the period from January 1963 to December1986, with using
GARCH(1,1) model. Akgiray states that GARCH mod#d fo the data and out-of-
sample forecasting based on GARCH model statitiqgaérforms well. Schwert
(1990a) also examines the stock market volatilitthwonsidering specifically the
stock market crash in October 1987. The study ohduareux and Lastrapes (1990)
investigates the structural changes and persisteneelatility of daily returns of
selected stocks from CRSP for the period betwepnalg 1963 and November 1979
and points the performance of GARCH model in capturthe persistence in
variance. The study of Chen et. al (2006) alsowaptthe persistence in volatility
with using GARCH type model for different future®ntracts; S&P 500 and
NASDAQ 100 indices, Japanese Yen, British poundstilian Dollars and some

commodities. Chen et. al. found the stock indeures to be most persistent.

As an extension in studies of volatility modelingstock markets, Hamilton and
Lin (1996) conduct a bivariate model to measure itherrelations between stock

market volatility and industrial activity. They fod out that the primary

5 Measuring the day of the week effect has also lzeeising issue in volatility models; Balaban
(1994), Alexakis and Xanthakis (1995), Berument Kidnaz (2001)
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determinants of fluctuations in stock market vdilstiare the economic recessions.
In the means of extending the analysis on volgtdit stock markets Martens et. al.
(2004) and Kasman and Torun (2007) have used GABf&lmodels to investigate
the long run memory in volatility structures of S&B0 and Turkish Stock Indices

respectively.

Besides the studies conducted to capture the lilaiti interest rat&® and
foreign exchange raté since the main investigation area of this thésigolatility
structure of crude oil, a commodity, volatility medd conducted on commodities
markets are more important. Seminal study of Sasouel(1965) proves that
fluctuations in commodity prices are random. Ka(@#&83) analyzes the behavior of
variance of commodity prices with rational expdotas theory under special cases;
existence of risk neutral producers and dealef®itely risk averse dealers and
infinitely large marginal cost of inventory holdinblg and Pirrong (1994) employ
bivariate GARCH model specification on returns emanth forward prices for
copper, lead, silver and zinc for the period betweseptember 1, 1986 and
September 15, 1992 and for aluminum prices fopdréod between August 27, 1987
and September 15, 1992. They test the significaricdneory of storage and find

consistency of correlation between spot and forvpaickes with the theory.

Galloway and Kolb (1996), moreover, use stochastfatility approach to
model variance of various commodities and equitkgres contracts for the period
from 1969 to 1992. They have conducted OLS regvas& capture the impacts of
maturity effects on variance of corresponding fesucontract and have found that

contract month is important, especially, in volatil structure of agricultural

16 Bessembinder and Seguin (1993), Akin (2003)
" Domowitz and Hakkio (1985), Grammatikos and Sats(E986), Han et. al. (1999), Rapach and
Strauss (2008)
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commodities. Walls (1999) analyzes the impact @iturity and volume on the
volatility of electricity futures with conductingachastic volatility model on daily
electricity futures returns from March 29, 1996November 26, 1996. Walls find
strong evidence of maturity effects in electricityures. The study of Fackler and
Tian (1999) also finds evidence that seasonality raaturity are important elements

in volatility of soybean futures.

In recent years modeling volatility of crude oilshiaeen a rising issue because
the price of crude oil, as the primary input for etonomies, matters for countries’
policy makers. Pindyck (2001), in that sense, dgy®la model to describe the
dynamics of inventories, spot and futures priced aolatility for weekly data of
crude oil and heating oil. Pindyck finds that whitee model fits well to heating oil
data, opportunity cost variable, suggested in tlelehfor crude oil, has the wrong
sign. The study of Ewing et. al. (2002) uses dailysing values of two option
indexes for natural gas and crude oil from Aprill996 to October 29, 1999. They
have conducted a bivariate GARCH with VECH and BEsg€cifications to model
the interrelation between variance series of nhggas and crude oil. The study finds
evidence of persistence in both markets and pontghat while volatility in crude
oil depends on its previous values, variance afnadgas is affected by news created

in both markets.

Fong and See (2002) examine the behavior of cruldprice volatility with
conducting Markov Switching model on daily retunfsSNTI contract for the period
between January 2, 1992 and December 31, 1997y Stucludes that, regime
switching models fit well to the data with captyiand dominating the GARCH
effects and are powerful in terms of short-termeéasting. On the other hand,

Agnolucci (2009) gives evidence that GARCH type mledperform better in
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explaining price volatility of crude oil. The studyf Yang et. al. (2002), also,
conduct GARCH model to determine the factors aiffgctthe crude oil price
volatility. Yang et. al. find evidence that the rdsstinguishing factor would be the

behavior of OPEC.

Moreover, Sadorsky (2006) conducts various GARCHil@ on daily closing
prices of crude oil, heating oil, natural gas aadajine futures contracts to forecast
volatility. He points out that while threshold GARICspecification fits well to
natural gas and heating oil, GARCH model fits te thiude oil and gasoline data.
The study of Kang et. al. (2009) also refers to ¢benparison between GARCH
model specifications for measuring volatility ofude oil market. Study finds
evidence that component GARCH, CGARCH, and fradignntegrated GARCH,

FIGARCH, are performing better in capturing thegisence.

In addition to the above mentioned studies whickestigate the structure of
volatility of various financial assets, there exasshumber of studies analyzing the
impact of futures trading on spot market variantee study of Powers (1970), in
that regard, is a leading study which builds an ieng relationship between spot
and futures market of both pork belly and beef.dgtdinds that variance has
decreased for the first four years period after ititeoduction of derivatives of
mentioned commodities. Moreover, Edwards (1988)lyaea the interrelation
between daily S&P 500 futures and spot returnshfeperiod from 1972 to 1987 and
shows that volatility has increased in the shontdput this trend does not carried in
the long-run. Schwert (1990b) investigates thetildlaof S&P 500 around a critical
event, the stock market crash. Schwert found letielence that futures trading has
increased spot market volatility during 1980s. $tafl Bessembinder and Seguin

(1992), also, examines the impact of futures trgdiolume on stock price volatility
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and documents that an unexpected increase in futwagling volume positively

affects the volatility.

Moreover, analyzing lead-lag relationship has bexoamn commonly used
methodology to investigate the cross relationskafwken spot and futures market.
Using this methodology Chan (1992), Frino et. 2000) and Gwilym and Buckle
(2001) find strong evidence that futures lead thshcmarket for different stock
indices. Kasman and Kasman (2008) use Turkish Stexghange ISE100 and
corresponding futures contract on Turkish Derivatixchange to model the impact
of futures trading on spot market volatility anceithresults imply that futures
exchange has decreased the volatility of spot mddethe period from 2002 to

2007.

Besides, the number of studies conducted to exathménterrelation between
futures and spot market on different underlyingetssshere exists few conducted on
crude oil markets. The study of Antoniou and Fogte392), constructs weekly
volatility series of spot Brent crude oil pricesrr January 1986 to July 1990, with
dividing period into pre and post futures using GAR model and concludes that
introduction of Brent futures has decreased the sparket volatility. Fleming and
Ostdiek (1999), on the other hand, have studiedaily prices of WTI futures and
spot prices for the period from 1983 to 1997 andehtmund out WTI Crude Oil
futures trading has increased the spot market iltpfadf crude oil. The study of
Silvapulle and Moosa (1999) conducts linear catysédist on daily spot and futures
prices of WTI covering the peridaktween 2 January 1985 and 11 July 1996 and finds

evidence of linear feedback from futures to spat.tiie other hand, study finds bidirectional

effect when using nonlinear causality test.
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Also in recent years, due to the bubble createdrude oil and the other
commodity prices, efficiency of futures market aftects on spot are being tested.
Liao et. al. (2008) in this regard, tests the vareof daily Brent crude oil prices for
structural breaks for the period between June @3 20hd September 30, 2006. They
point out the significant impact of changes in gfauc trading system on volatility
of return of Brent crude oil prices. The study @kiBos and Diks (2008) investigate
linear and nonlinear causality of WTI spot and fatumarket with dividing the data
in to two sub-periods; October 1991-October 1996 Alovember 1999-October
2007. Study conducts GARCH-BEKK model resulting hwito significant and
inconsistent leads and lags between two marketstnkann and Ullman (2009) treat
futures markets as the source of speculation amd dvidence that the increase in

crude oil prices in 2004 is originated from thedeterm exacerbation of speculators.

The contribution of this thesis to above mentiofiztature would be using a
combination of previous methodology rather tharaotitg a new one. This study
will capture the variance series of spot and figwride oil prices by control the
structural breaks in spot market and day of thekwaewl maturity effects in futures
market. Then, causality and co-integration analysés be done in order to

investigate the interrelationship between two misrke
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4.2  Methodology

The primary conditional volatility model; Autoreg®ve Conditional

Heteroskedasticity, ARCH(p) developed by Engle @)98;
2 : 2
ol =m,+) (a,x&) 1)
=

where, g/ is conditional variance and’, is the information provided by lagged

residuals.

Equation (1) satisfies non-negativity constrainthwiw,>0 and a,>0. Most

obvious weakness of this model was absence of taggaance terms. Bollerslev
(1986) has extended ARCH model by involving the actpof lagged terms of
conditional variance series by developing GenezdliAutoregressive Conditional

Heteroskedasticity, GARCH (q,p);
2 J 2 : 2
O, :w0+z(ajx£t—j)+z(ﬁixat—i) (2)
j=1 i=1

where, g, is the lagged series of conditional variance and0.

Moreover, GARCH model must satisfy non-negativigndition sg5, =20 and
a;20. (a; + B) is the strength of persistence of shock to theditmmal volatility;
as the value of term gets close to 1 shock is persistent.

Although GARCH model has been developed furthe ARCH model, it still
has the constraint of non-negativity. In additian this constraint, shocks are
acknowledged as symmetric, i.e. both negative agitipe shocks have the same
magnitude of impact on volatility. Nelson (1991)shaeveloped Exponential

GARCH, EGARCH (p,q) model to handle with these ¢ansts.
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EGARCH model in equation (3) overcomes the conssawith logarithmic

& -i
Where

structure and asymmetric terms, if the teum is statistically significant and
negative than asymmetry rises in the modgelcaptures the size effect in the model.

On the other hand, the only restriction EGARCH niadgoses is that, sum of
coefficients of parameters must not exceed 1 ireroid satisfy the stationary

process.

This thesis will test these three ARCH-type voitimodels for accuracy in
explaining the variance of crude oil spot and fesuprices. Once the appropriate
model is selectéd, variance of two markets will be captured. Afterds the
relationship between two markets will be analyz&terefore, this section will
briefly introduce the sequential methodology usedmodeling spot and futures

volatility and in analyzing interrelationship bewvetwo markets.
4.2.1 Spot and Futures Market Volatility Modeling

This thesis uses autoregressive of order one meaatien and GARCH
variance equation, AR(1)-GARCH(1,1) molfein order to capture daily variance
series of both spot and futures crude oil markigtisan and variance equations for

both series are as follows;

e = Vit 0, X1+ &y (4)

'8 Details selection criteria are available in EnwatiResults Section
' Rank orders are estimated by Maximum Likelihootiriztion

46



Ji2,t =, ta, % giz,t—l + B, % Jiz,t—l (5)

where, | =sor f corresponding to spot or futures market and theeeto spot

market variancecﬁ’jt) and futures market varianceiyt) respectively.

4.2.2 Interrelationship Between Crude Oil Spot and Futures Markets
Granger-causalify test is conducted to estimate lead-lag relatidmwéen two

variance series;

2 2 2 -
O =@+ Bx0;, +) 0, %07+, xza+E,
i=1 ]:1

o} =w,+Y.f xa§_1+2aj X0} +0,Xza+E, (6)
i=1

=1
where g2 and o7 are volatility of spot and futures return of cruié respectively

and z. is the error correction term.

Granger causality determines the short term relaligp whereas in order to
estimate the long-run co-integration, the modelettgyed by Engle and Granger

(1987) is conducted on crude oil spot and futuresep.
pfI :a1+:31x ps, t &y
P, =, + B, X Py +&y (7)

where p; and p, , which are tested for unit root and found to [ [¢rocess, are

futures and spot prices respectively.

%0 Granger (1969)
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Equation (13) is constructed to capture residuajs,ande,,, and test for unit

root. Any evidence that indicates non-stationacpss in residual series would lead

a conclusion that crude oil futures and spot praresco-integrated.
4.2.3 Capturing the Impacts of Futures Trading on Crude Gl Spot Market,

Above mentioned analysis is appropriate to testtiadrethere exists a significant
relationship, i.e. short-run lead-lag or long-riorrnovement, between two markets.
On the other hand, to capture the impacts of fgtunarket on spot is the other
consideration of this thesis. Therefore, spot puogtility of crude oil has been
modeled with inclusion of daily futures trading wole of crude oil contracts.
Moreover structural break analysis with using ltedaCumulative Sum of Squares,
ICSS, algorithm which was first introduced by laei’and Tiao (1994), has been also
applied to test the persistency of variance eqoatince the break points have been
captured, they have been included as the dummyhlas controlling N break

points. The revised version of spot market volgtinodel is as follows;

N
azt = wO + al X gsz,t—l + ﬁl X asz,t—l + 61 xVOl + Z(¢n X Dn) (8)

S,
n=1

where, Vol is the total volume of the contract under invesimn andD, are

the dummy variables of the break points.
4.3 Data

In order to implement above mentioned methodoltiyy,data used in this thesis
covers the daily closing prices of WTI and Brenndtemarks crude oil futures
nearest month contracts and WTI and Brent benchsnemkde oil spot prices. The
calculations provided in sections 4.2.1 and 4.2a2ehbeen done on WTI crude oil

futures and spot markets for the period betweenalgr2, 1986 and March 16, 2010.
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On the other hand, due to the availability of vodudata methodology provided in
4.2.3 to capture the impacts of futures tradingvagthas been done on Brent crude
oil markets for the period from January 2, 2008arch 16, 2010. Before moving

further to details of summary statistics and diagies tests, it would be convenient

to analyze the benchmarks graphically.

Figure 4.1 WTI Crude Oil Spot Prices from January 2 1986 to March 16, 2010
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As apparently seen from the Figure 4.1 WTI crudepaces have been very
stable during the period between January 1986 andaly 2002. Afterwards, it has
an increasing trend till the credit crunch in sum2@08 and a decreasing one during
post-crisis period and during post-2002 volatisgems to increase. Therefore, this
study divides the period of investigation in to tewb-periods, namely, pre and post
2002 periods. Volatility models proposed in the moeblogy section will be
implemented on both sub-periods and on whole pdrmd January 1986 to March

2010.

On the other hand, during these subjected periotlane of futures contracts
for WTI benchmark couldn’t be captured, so methodwglin section 4.2.3vill be

implemented on daily Brent crude oil spot pricesrfrJanuary 2008 to March 2010
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which is represented in Figure 4.2. According te flyure Brent crude oil prices
have increasing and declining trends followed byirareasing one and therefore

represents high volatility.

Figure 4.2 Brent Crude Oil Spot Prices from January2, 2008 to March 16, 2010
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According to the Table 4.1, which represents tharsary statistics of all data
used in this thesis, January 2, 2002 has beenestarile in the structure of crude oil
prices because since than the standard deviat®mdeome five times larger when
compared with pre-2002 period. Brent prices dupagt-2008 period, also, represent

a high variance value which makes modeling votstdf this period essential.

Table 4.1 Summary Statistics of WTI and Brent CrudeQil Markets Data
Pre — 2002 (WTI)  Post—2002 (WTI) Whole PeriodIl)V¥' Post — 2008 (Brent)

Descriptive
StatisFt)ics Ps P Ps P Ps Py P Vol
Mean 20.20 20.18 57.54 57.56 32.86 32.85 79.06 32®2H

Median 19.51 19.51 57.52 57.65 21.81 21.78 74.347128.00
Maximum 41.07 40.42 14531 145.29 145.31 145.29 .9H43 713496.00
Minimum 10.25 10.42 18.02 17.97 10.25 10.42 33.736548.00

Std. Dev. 4.86 4.83 25.71 2571 23.50 23.51 27.087658.14

Skewness 1.04 1.02 0.88 0.88 1.92 1.92 0.50 0.70

Kurtosis 4.34 4.30 3.67 3.67 6.63 6.62 2.38 5.46
J-B Statistics  983.91* 1016.03* 306.70* 304.91* BO@B* 7046.19* 32.23* 185.88*
Observations 4009 4009 2055 2055 6064 6064 555 555

* represents statistical significance at 99% canfick interval

Moreover, as Table 4.1 gives evidence that allsirges are positively skewed

and leptokurtic. It is known that GARCH type voléyi models fit well to leptokurtic
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distribution. Since J-B statistics, which test niajipothesis of non-normality, are

statistically significant, our primary assumptidnparametric calculations holds.
4.4 Results

The primary prerequisite for the GARCH type volatilmodeling is the
stationarity of variables. In this regard Augmeniidkey and Fuller, ADF, (1981)
and Kwiatkowski-Phillips-Schmidt-Shin, KPSS, (1992sts are conducted on the

series. Results of these tests are provided inaide 4.2.

Table 4.2 Results of Unit Root Test (with Trend) caducted on Futures and Spot Prices

Pre — 2002 (WTI) Post — 2002 (WTI)  Whole PeriodIyV PCESBtr;nZt)OOE;
Test Statistics p. P; p. P; p. P; p.

ADF -3.40%*%*  -3.31%** -1.93 -1.88 -2.32 -2.39 -0.89
(Level)

ADF

(1 -19.97* -19.72*  -21.01* -7.59*  -29.80* -36.48* 9.67

Difference)

KPSS 0.35*  0.35¢  032% 033  148* 148 0.44+
(Level)

KPSS

(1 0.03 0.03 0.06 0.06 0.02 0.02 0.19**

Difference)

* ** and *** represents statistical significance @9%, 95% and 90% confidence interval respectively
As Table 4.2 represents first difference of allialles are integrated of order

zero, 1(0) which leads a remark that logarithmitumne transformation, provided in

equation (9), on variables may be done to follog/\tblatility modeling approach.
iy =109(P; /i) 9)
where,i = sor f corresponding to spot or futures respectively.

Once return series have been captured mean arahearequations are found.
To select the most appropriate GARCH-type modéketies of all periods are first
tested for asymmetry in variance equations. Selecis done according to the
significance of the coefficient of asymmetric tetmEGARCH models. If there are

no asymmetry in variance equations results of EGARSStimates are provided in
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Appendix section and GARCH type volatility modelinged to model volatility in
series. Provided that there exists significancthefcoefficient of asymmetric term,

than EGARCH volatility model is used.

Ljung-Box tests on normalized and squared residaald ARCH-LM tests,
which are provided in Appendix section, conducteéind out whether the mean and
variance equations are suggested appropriatelyordoy to the results of Ljung-
Box test, mean equations for all series are prygpaefined. Moreover, results of
ARCH-LM test imply that after variance equationgréh exist no arch effect left in

the series.

4.4.1 Results of Spot and Futures Volatility Model Estiméions During Pre-

2002

According to the estimation results of EGARCH vada model conducted on
returns of WTI spot prices during pre-2002, thefficent of asymmetric term is
statistically significant but positive stating tmetcally that pre-2002 spot market
variance does not show any asymmetry. Moreoverilagiroonsequence is derived
from the estimation results of EGARCH volatility del conducted on returns of
WTI futures prices during the same period. The fogehnt of asymmetric term is
neither significant nor negative, leading to a dosion that in order to capture

variance series GARCH model can be used for bothketsaduring pre-2002.

Estimation results for AR(1)-GARCH(1,1) varianagation (Equations 4&5)

for both markets, are as follows.

52



Table 4.3. Mean Equations of WTI Spot and Futures Mrket

Vi 2
. -4.74x10° 0.003
Spot Market Estimate (-0.182) (0.155)
. -4.41x10° 0.018
Futures Market Estimate (-0.017) (1.103)

Numbers in parentheses are z-statistics. *,** affdr&presents significance at 99%, 95% and 90%
confidence interval.

Table 4.4. GARCH Estimation Results of WTI Spot and-utures Market

wO al :Bl
. -5.96x10° 0.116 0.878
Spot Market Estimate (5.831%) (20.201%) (140.56%)
: -7.40x10° 0.115 0.883
Futures Market Estimate (6.931%) (19.560%) (137.233%)

Numbers in parentheses are z-statistics. *,** affdr&presents significance at 99%, 95% and 90%
confidence interval.

Afterwards, variance series for both spot and kgumarket are captured to
analyze the interrelationship between spot andrégtumarket. With this regard
Granger-Causality and Cointegration analysis, shalwve as equations (6) and (7),

have been conducted to find the relationship imtshum and long-run, respectively.

Table 4.5. Results of Granger Causality Test Condted on Pre-2002 Spot and Futures Variance
Series

F-statistics
Dependent Variable U; Ufi
o: - 4.692*
o? 20.629* -

-

* indicates the significance level at 1%, optimwag length has been determined by AIC.

Results of Granger Causality test imply that thexeésts strong bidirectional
lead-lag relationship between two markets. MoreoWetures markets leading is,
obviously, more significant than spot markets dbe.the other hand, cointegration
test results imply that two markets are relatedhwech other in long-term too. This

results show significant co-movement of two markkitsng pre-2002 period.
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Table 4.6. Results of Cointegration Test Conductedn Spot and Futures Price Series

Model Specificaition ADF
Ny -27.892*
=qa, + [ % +
pft al ﬁl ps[ ‘slt -27.934*
h
Ny -27.945*
ps;t - az + 182 X pft + £2t ,71 -27.949*

* indicates the rejection of null hypothesis atngiigance level 1%, n is the optimum lag lengtp,

and /7, are unit root test without and with trend respesdtiv

Preliminary results show that there exists a stn@tgtionship between futures
and spot markets in terms of both price and vaedacels for the pre-2002 period,
during which the prices are considerably more stalllen compared with post-2002

period.

4.4.2 Results of Spot and Futures Volatility Model Estiméions During Post-

2002

A very different result is obtained for the posB20period. Estimation results
for EGARCH model imply that the asymmetric term smtistically significant,
whereas, according to the results of Ljung-box ¢esiducted on squared residuals of
EGARCH (1,1) of both spot and futures market, thBRCM effect does not
disappear. To overcome the problem, the model este-assumed by changing
rank orders of ARCH and/or GARCH terms with consiag maximum likelihood
statistics. In our case, after the rank order ofR&A term is increased to two,
EGARCH model fits well for both markets. Referribgck to the equation (3) for
EGARCHY(p,q), the results that are captured for memaoh variance equations are as

follows.
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Table 4.7. Mean Equations of WTI Spot and Futures Mrket

Vi O
. 0.001 -0.070
Spot Market Estimate (2.04*) (-3.25%)
. 0.1x10? -0.042
Futures Market Estimate (1.89*++) (-1.92%*%)

Numbers in parentheses are z-statistics. *** affdr&presents significance at 99%, 95% and 90%
confidence interval.

Table 4.8. EGARCH Estimation Results of WTI Spot ad Futures Prices

@, B B> a, A
. 0328 0.225 0.752 0051 0197
SpotMarket — Estimate  g'a1s (4904  (16.26%) (3189 (11.11%)
Futures Market  Estimate 0-265 0.266 0.715  -0085  0.160
(5.44% (297  (7.96%) (4999  (8.21%)

Numbers in parentheses are z-statistics. *,** affdr&presents significance at 99%, 95% and 90%
confidence interval.

As it can be seen from the estimation results @h markets during post-2002
period, there exist asymmetry. This subjected pleganore volatile when compared
with pre-2002 and it has two subsequent trendsreasing and decreasing,
respectively. Therefore, this result is an expeoteg, such that in these high volatile
periods, prices are more sensitive to the releadednation. Moreover, this period
witnesses a major and negative shock namely ccadiich, which, obviously, is the
main reason of the decreasing trend not only foderoil market prices but also for

all other commodities’.

Table 4.9. Results of Granger Causality Test Condted on Pre-2002 Spot and Futures Variance
Series

F-statistics
Dependent Variable JSZ[ Jﬁ
o; - 9.177+
o’ 15.601* -

-

* indicates the significance level at 1%, optimuag length has been determined by
AlC.

55



Table 4.10. Results of Cointegration Test Conducteoin Spot and Futures Price Series

Model Specificaition ADF
Ny -24.96*
=q,+ [ % +
pft al 181 ps.t ‘Elt ,7 -25.00*
1
Ny -24.96*
ps.t - az + 182 X pft + £2t /71 -24.98*

* indicates the rejection of null hypothesis atngiigance level 1%, n is the optimum lag lengtp,

and /7, are unit root test without and with trend respesdtiv
Results of Granger causality and cointegratiorstesply that during post-2002
period there exist strong short run bidirectiored-lag relationship and long term

co-movement between spot and futures market.

4.4.3 Results of Spot and Futures Volatility Model Estim#éions for Whole
Period
An interesting result has been obtained when thdetsocover whole period.
While spot market volatility shows no evidence efrmametry, EGARCH has fitted
to the futures market variance model, implying significance of asymmetry. After
determination of rank orders, GARCH(1,1) and EGARCH) has suggested for

spot and futures market data, respectively.

Table 4.11. Mean Equations of WTI Spot and Future$larket

Vi S
. 0.2x10° -0.017
Spot Market Estimate (1.23) (-1.29)
: 0.3x10° -0.009
Futures Market Estimate (1.46) (-0.69)

Numbers in parentheses are z-statistics. *,** and* represents significance at 99%, 95% and
90% confidence interval.

Table 4.12. GARCH Estimation Results of WTI Spot Pices

wO al ﬂl
Spot Market Estimate 0.66x%0 0.098 0.898
(7.13%) (22.73%) (188.02*)
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Table 4.13. EGARCH Estimation Results of WTI Futures Prices

wO ﬂl :82 al ¢l
Futures Estimate -0.323 0.331 0.652 0.022  0.257
Market (-13.92%)  (9.18%  (18.18%) (-3.54%) (24.39)

Numbers in parentheses are z-statistics. *,** and* represents significance at 99%, 95% and
90% confidence interval.

As discussed above and as the results imply thal fdtiires market volatility
shows asymmetric effect while spot market does fiis would, primarily, be the
consequence of increasing trading activity and libbble that is formed around
credit crunch period. During this period, the diexis of mass traders explain why
the negative shocks have greater impacts thanyosihes. On the other hand, since
spot market is more related with the physical madanditions it does not show

asymmetry.

Table 4.14. Results of Granger Causality Test Condted on Pre-2002 Spot and Futures
Variance Series

F-statistics

Dependent Variable JSZ[ Ji

2

g - 5.555*

aﬁ 15.137* -

* indicates the significance level at 1%, optimwag length has been determined by AIC.

Table 4.15. Results of Cointegration Test Conductedn Spot and Futures Price Series

Model Specificaition ADF
Ny -33.55*
Py, =a, + [ % Ps * &y n -33.58
_ M, -33.56*
pst =4a, +182 X pft T Ey n, -33.57*

* indicates the rejection of null hypothesis atngiigance level 1%, n is the optimum lag lengtp,

and /7, are unit root test without and with trend respesdtiv

The relationship between spot and futures varisssrees, which are captured
from each model, is consistent with previous rasatid is strong in both short and
long run. In the short-run there exists a bi-die@l lead-lag relationship.
Cointegration test provided in Table 4.15 showsrgjrco-movement of two markets

in the long-run.
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The analysis, conducted so far, shows that theilitylaaf WTI spot and futures
markets are strongly related. During pre-2002 mkribe markets do not show any
asymmetric structure while they do during post-2f6#8od. And if one analyzes the
whole period it is understood that the asymmetryindu post-2002 period rises
because of the strength of futures market to leadgpot one. It could be derived that
the variance of futures market is one of the eff@étthe increase in variance of spot
market therefore, next section will analyze howufas trading activity affect the

spot market variance.

4.4.4 Results of Brent Spot Market Volatility Model Estimations During Post-

2008

In order to determine the impacts of futures madketspot market volatility,
endogenous factors have first been determinedhitnregard structural breaks of
spot market trend are captured using ICSS algorit@8S algorithm has captured
four endogenous structural breaks such as; Jup@08, (D,), which is the exact date
of the end of increasing trend and beginning ofrelesing oneQctober 9, 2008

(D,), April 2, 2009 (D;), and October 6, 2009),). These dates are used as dummy

variable in variance equations (Table D.2 in thepé&qdix Section)

The preliminary result of EGARCH model, withoutwsttural break dummies, is
provided in Table D.1 in Appendix section. Accoglito this result volatility of
Brent crude oil spot market shows evidence of asgimmeffect during post-2008
era. Therefore further analyses on market have 8eea with conducting EGARCH
model. As implied by EGARCH estimate with structureeak dummies, inclusion

of all dummies are deteriorated the variance esém&/hen all the dummies are

tested individually to find the appropriate variarequation, onlyD, is found to be
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statistically significant with positive coefficigntvhich implies that this structural

break has increased the spot market volatility.

Brent crude oil futures trading volume has beefuthed into variance equation
investigate the interrelationship between futumegling activity and spot market
volatility. Moreover, exponential smoothing has mesgpplied on volume series to
capture a detrended series. Since unit root teattrg@rovided in the Table D.3 imply
that de-trended volume is not stationary, therefeneentage change level is used in

variance equation.

The final version of mean and variance equationswhich D, and trading

volume are included together, are as follows.

Table 4.16. Mean Equations of Brent Spot Market

Y S
. -0.3x10" 0.030
Spot Market Estimate (-0.39) (0.67)

Numbers in parentheses are z-statistics. *,** and* represents significance at 99%, 95% and
90% confidence interval.

Table 4.17. EGARCH Estimation Results of WTI SpotMarkets

wO ﬁ 1 al ¢l 01 ¢l

-0.032 0.997 -0.072  0.005 0.611 1.416

SpotMarket  Estimate  , o7.)  (47541%) (-8.47% (0.36) (2979 (4.93%)

Numbers in parentheses are z-statistics. *,** and* represents significance at 99%, 95% and
90% confidence interval.

According to the variance estimates, singeis negative and statistically significant
Brent crude oil market volatility shows asymmetstructure during post-2008
period. Moreover, coefficients of futures tradinglume and first structural break
dummy is positive and statistically significant,glying both of them have increased
volatility of spot market. These results are expdcbnes, hence, first structural
break, captured in June 3, 2008, is the main chinfgdactor of the shock created by

credit crunch period. Moreover, as discussed eadiace futures exchanges became

59



dominant in determining world-wide crude oil pricehanges in trading volume,
which represents the demand for crude oil contraetaild likely to have a huge

impact on variance of spot market.
5 Conclusion

This thesis has analyzed the impact of futuresrgadctivity on crude oil spot
market volatility. In this regard, WTI and Brent rkets data has been investigated in
detail. Since chosen time horizon for WTI marketasy long, namely from 1986 to
2010, it has divided into two according to the mdjend of crude oil prices; pre-
2002 and post-2002 periods. On the other handtaudke availability of the data

Brent market volatility has analyzed for the perimdween 2008 and 2010.
Following results have been derived from the eropiranalysis section:
» For pre-2002 sub-period (WTI market);

o WTI futures and spot market volatility do not shawy asymmetry,
stating that the positive and negative shocks ¢ovtiriance data have

almost the same magnitude of effect.

0 There exists statistical evidence that two marketge a bidirectional
lead-lag relationship stating that variance of hotrkets are leading

each other.
o Long-run co-movement between two markets have fmerd.
* For post-2002 sub-period (WTI market):

o Significant asymmetric effect has been found inatitity of both
markets, stating that negative price shocks haeatgr impact on

variance than the positive ones. This result igxgrected result since
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credit crunch, known as the most striking finanaiekis ever, has
been witnessed during this sub-period. Crude oiicegr had
skyrocketed at 145 $/bbl and declined to nearly$Aibl after the
credit crunch, while there were no other relevdranges in physical

market conditions.

0 There exists bidirectional short-term lead-lag tiefeship between

two markets.
o0 There exists long-term co-movement between two atark
* For whole period (WTI market):

o Asymmetric effect has been found in volatility aftdres market
while spot market variance does not show any. fidsslt empirically
proves that futures market variance is more subgetd the financial

market conditions than the spot market one.

o Short-term bidirectional causality and long-termngovement have

been found as the evidence of interrelationshipvéen two markets.
* For Brent spot market:

o Four structural breaks in variance data have beptuced by ICSS

algorithm. These are; June 3, 2003, ), October 9, 2008, ), April

2, 2009 O,), and October 6, 2009Y,,).

o Asymmetric effect has found to be statisticallyngiigant

o Only first structural break dummy, which is the eixdate of the end

of increasing trend and beginning of decreasinglmtause of credit
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crunch period, is found to statistically and poesly effect the

variance.

o Coefficient of Brent crude oil futures trading voia in Brent spot
market variance equation is statistically significaeand positive
stating that increase in trading volume is incregdhe spot market

volatility.

According to these results futures trading activity crude oil markets is
increasing volatility of spot market. While the mabbjective of futures market
would be to increase the efficiency of underlyipgtsmarket, for the WTI and Brent
crude oil market cases, futures trading activityctions in exactly opposite direction

and in that sense have failed the primary mission.
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Appendix
A. Pre-2002 Volatility Modeling

Table A.1 EGARCH Estimation Results of WTI Spot andFutures Markets

wo ﬁl al ¢l
. 20.262 0.242 0.014 0.989
Spot Market Estimate (-12.91%) (21.95%) (2.51%)  (470.76%)
. 0.282 0.225 0.006 0.985
Futures Market Estimate (-12.64%) (22.03%) (1.18) (437.84%)

Numbers in parentheses are z-statistics. *,** and* represents significance at 99%, 95% and
90% confidence interval.

Table A.2 Ljung Box Test on Normalized and Squaredresidual of WTI Spot and Futures
Markets (Pre-2002 Period)

Normalized Residuals Sgaured Residuals
2 2
grs grf & ‘grf

rs
Lag ACF PACF LB ACF  PACF LB ACF PACF LB ACF PACF LB
0.018 0.018 1.274 0.019 0.019 1.4764 -0.012 2.010.549 0.005 0.005 0.0969
-0.027 -0.027 4.192 -0.039 -0.039 7.4655 0.021 02D. 2.382 0.004 0.004 0.1684
-0.015 -0.017 7.840 -0.023 -0.025 12.870 0.003 00D. 2.589 0.006 0.006 2.0272
0.004 0.004 10.888 0.010 0.010 20.022 -0.022 0210. 13.275 -0.024 -0.023 16.967
0.023 0.025 22861 0.031 0.030 28.234 -0.007 0110. 20.354 0.015 0.013 34.105

N =
oOU'II\JI—“

Table A.3 ARCH-LM Test Results of WTI Spot and Futues Markets

Squared Residuals F-statistics LM-statistics
2 -0.012 0.548 0.548
£ 0.005 0.097 0.097

B. Post-2002 Volatility Modeling

Table B.1 Ljung Box Test on Normalized and SquaredResidual of WTI Spot and Futures
Markets

Normalized Residuals Sgaured Residuals
2 2
grS grf grs grf
Lag ACF PACF LB ACF  PACF LB ACF  PACF LB ACF  PACF LB
1 0.020 0.020 0.8253 0.006 0006 0.0777 0.029 0.0207029 0.025 0.025 1.3276
2 -0.011 -0.011 1.0628 -0.008 -0.008 0.2086 0.107.10® 25.193 -0.013 -0.014 1.6680
5 -0.032 -0.033 4.8029 -0.019 -0.019 15064 0.049.05® 30.331 0.042 0.041 6.0890

10 0.027 0.027 11900 0.022 0.022 8.4006 -0.007 008. 33.681 0.004 0.001 7.9562
20 -0.016 -0.014 16.104 -0.006 -0.004 15.016 0.0060.008 39.621 0.011 0.015 14.754

Table B.2 ARCH-LM Test Results of WTI Spot and Futues Markets
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Squared Residuals F-statistics LM-statistics
g2 0.029 1.699 1.699

&’ 0.025 1.325 1.325
C. Whole Period Volatility Modeling

Table C.1 EGARCH Estimation Results of WTI Spot and~utures Markets

wO 181 al ¢l
Spot Market Estimate -0.248 0.988 0.003 0.206
(-14.91%) (570.68%) (0.72) (26.21%)

Numbers in parentheses are z-statistics. *,** and* represents significance at 99%, 95% and
90% confidence interval.

Table C.3 Ljung Box Test on Normalized and Squaredresidual of WTI Spot and Futures
Markets

Normalized Residuals Sgaured Residuals

2 2
rs grf & ‘grf

rs

£

Lag ACF PACF LB ACF  PACF LB ACF PACF LB ACF PACF LB

0.012 0.012 0.9432 0.022 0.022 28145 0.000 0.0am0014 0.007 0.007 0.3385
-0.018 -0.018 2.8574 -0.034 -0.034 9.7722 0.021.020 2.5608 0.035 0.035 7.8525
-0.019 -0.019 6.8573 -0.020 -0.022 15.850 0.012.012 3.9982 0.013 0.011 15.964
0.015 0.015 13,505 0.018 0.017 23.874 -0.019018. 15.076 -0.013 -0.011 23.213
0.012 0.012 21523 0.020 0.020 30.382 -0.003 00%. 23.501 0.014 0.016 33.632

N =
ooU'INH

Table C.3 ARCH-LM Test Results of WTI Spot and Futues Markets
Squared Residuals F-statistics LM-statistics

ot 0.4x10° 0.001 0.001
&: 0.008 0.338 0.338

D. Post-2008 Volatility Modeling

Table D.1 EGARCH Estimation Results of WTI Spot andrutures Markets

@, By a, A
_ 0.118 0.052 0.073 0.989
Spot Market Estimate (-3.56%) (2.11%) (5.439  (286.27%)

Numbers in parentheses are z-statistics. *,** and* represents significance at 99%, 95% and
90% confidence interval.

Table D.2 EGARCH Estimation Results of WTI Spot andrutures Markets
Wy B a, % D, D, D, D,

-7.565 -0.065 0.020 0.182 -1.077 -2.820 2.691 1.084

Spot Market Estimate ¢ g1 041y (0.42) (2.67%) (-0.05) (-1.70%) (0.26) (0.09)

Numbers in parentheses are z-statistics. *,** and* represents significance at 99%, 95% and
90% confidence interval.
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Table D.3 Unit Root Test (with Trend) Results of Bent Crude Oil Futures Trading Volume
(De-trended)

i ADF ADF
vanable (Level) ((1* Difference)
Volume .
(Exponential Smoothing ) -1.526 -11.458

*** and *** represents statistical significance at 99%, 95% and 90% confidence interval
respectively

Table D.4 Ljung Box Test on Normalized and SquareResidual of Brent Spot and Futures
Markets

Normalized Residuals Sgaured Residuals
2
EI‘S gl’S
Lag ACF PACF LB ACF PACF LB

1 0.004 0.004 0.0090 0.000 0.000 0.0000
2 -0.005 -0.005 0.0252 0.028 0.028 0.4334
5 0.068 0.068 2.6330 0.005 0.005 1.4615
10 0.067 0.064 11.444 -0.023 -0.026 4.1742
20 -0.027 -0.001 31.127 0.003 0.012 12.376

Table D.5 ARCH-LM Test Results of Brent Spot Market
Squared Residuals F-statistics LM-statistics
2

£ -0.1x10° 1.98x10° 1.99x10°
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