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Introduction

The West Texas Intermediate (WTI) crude oil priceketed to the all-time high USD 145
in June 2008, only to plummet to the USD 34 atethé of 2008. Some researchers call it a
clear speculative bubble, the others quote thegidemand from the developing countries
and the tight supply. The true reasons behindphe sre not only an academic question,
since the empirical studies generally agree om#ugative effect of the oil prices on the
world gross economy. Many argue that if the crudlpreces are truly driven up by
speculation, then the speculation has a dangenfluemce on the global economy and
should be regulated. Also the most recent developmethe crude oil market has shown
that high oil prices are not a history, as we haitaessed WTI prices over USD 100 over
relatively longer periods during the Libya war be tension between Iran and the rest of
the world. The discussions about whether it issipeculation which stands for at least part

of the increases are thus continuing.

The topic of speculation on the crude oil markdt be the key focus of this thesis. First,
we will consider the existing theories and modelsi@&ning the behavior of the crude oil
and outline the main obstacles in modeling the ugpd demand factors, as for example
the behavior of the OPEC cartel. Furthermore, wkowmver the recent research on
speculation on the crude oil market and show tffecdlities in quantifying the speculation
phenomena. Extending on the current stage of kraneleve will focus on the relationship
between the increasing open intetest the New York Mercantile Exchange (NYMEX),

oil prices and the supply and demand factors. Tdemanterest on the crude oil market has
tripled over the last decade, mainly because oirttiease in the non-commercial
positiong, which are often suspected to be speculative.niestigate whether such an
increase could help explaining the increases iprigkes there where the traditional
fundamental models fail, and whether an increaskdropen interest can increase the oil
prices without any change in the fundamental factdfe also examine whether an increase

in oil price volatility can lead to an increaselie open interest on the market.

1 “Open interest is the total of all futures andsption contracts entered into and not yet offsea by
transaction, by delivery, by exercise, etc.” (CFAWL2)
2 Non-commercial positions are positions held byrésjevho are not physically involved with oil.
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Figure 1: The crude oil prices from 1984 to 201du(se: author based on the U.S. EIA)

Part 1: Previous attempts to explain the oil price

1. 1 Introduction

The first part of this thesis offers the predomihansed approaches in explaining the oll
prices and discusses their weaknesses mainly @sgect to the oil price spikes in recent
years. The approaches can be divided into thregaoaes, following the work by Fattouh
(2007): the non-structural models, the structuratlets and informal approach models. The
non-structural models offer an explanation basethathematical optimization of oil
producers’ decisions with the supply and demandalshasually represented by a random
variable. The structural models, also called th@psudemand framework, try to capture
the oil market by investigating the relationshigtug oil supply and oil demand to the oil
price, income and OPEC and non-OPEC productions@ heodels proved the important
property of oil — the demand and supply are unabbeljust to even big price changes in
the short term. The informal approach includes ofhetors that are, at least in a short run,
suspect to be able to influence the price of siffor example lack of spare production
capacity or increasing number of speculation omtheket. Whereas to prove the
significance of production capacity or refineryliatition is statistically easy, the proof of

speculation on the oil market can be a Herculesk ta



On the one hand, the models based on fundamemgahpters were unable to explain the
behavior of oil price in the last years. There @@ly are reasons to believe that the supply
and demand factors were driving the oil price hightee extent of the price increase has not
been justified, though. On the other hand, a faibfrfundamental models is not a proof of
speculation, and the inefficiency on the oil maiikdtardly measurable. As none of the
variables on its own proved to be able to drivedih@rice so high, it is necessary to take
into account all of the major variables and analywr joint power. The first part of the
thesis discusses the individual factors in the thay can influence the oil price and serves
as the backbone for the second part of the thekisre we build on the previous research

and also use it to interpret our results.

1.2 The non-structural models, economic theory

This section discusses two major economic thealéssribing the price of oil; Hotelling
model of exhaustible resources and the inventamage theory, which has its origins in
works by Kaldor (1939) and Working (1949) (Ederoget al. 2011).

1.2.1 Hotelling’s model

The Hotelling’s article The Economics of ExhaustiBlesources is considered to be the
starting point in the economic theory trying to kip the prices of exhaustible resources
(Slade and Thille 2009, p. 3). An exhaustible reseius characterized by two features; it is
not replaceable and its supply is limited relatvelemand. This implies that the production
and consumption in one period influence the congiam@nd production in following
periods. Furthermore, the price of such a resodioes not in microeconomic theory equal

just the marginal cost, but includes also a scareit. (Fattouh 2007)

Hotelling’s producer of an exhaustible resourceéximizing the present value of future
profits in the world of certainty. In other wordkthe whole amount of non-renewable
stock reserves is given and known, the model stmmsmuch the producer should extract

every period to maximize profit. The most cited iicgtion of the model is that, assuming



zero extraction costs, the price of the exhaustiddeurce should increase in the rate of free

interest rate®,

Slade and Thille (2009) capture the current sthextensions to the theory, which allow
for changes in cost of production depending orctireent rate of extraction and remaining
reserves, relax the assumption that all reseneskraown in the period zero and allow for
technical change in exploration or holding inver@sr Gaudet (2007) tries to explain the
sometimes declining oil prices with adding the neakncertainty, which implements a

(sometimes negative) risk premium into the model.

1.2.2 The inventory storage theory

Another major theory on commodity prices is theeimory storage theory, which
originates in work by Working (1949). Working fo@ason inter-temporal relations on the
commodity market and investigated factors leadinditferences between prices for two
different dates of delivery. According to him, suecprice difference is explained by the
cost of carrying inventory (Working 1949, p. 1256)the Hotelling’s model, the producer
was optimizing the production with respect to tHele given reserve of the resource. In
the inventory storage model, the producer facesliéeesion of optimal storage when taking
into account a potential profit of a price increasth respect to the storage costs. The key
of the theory is therefore the net marginal costofage. The marginal net cost of storage
can be divided into the marginal cost of physitatage, a marginal risk-aversion factor
and the marginal “convenience yield” on stocks (B 1958). The cost of physical
storage represents the costs for storing the contynadvarehouses, the risk-aversion
factor stands for the risk of a sudden fall in @riby which a company holding large
inventories would be negatively affected, and thi@venience yield is the yield for holding
inventory in order to react on a possible positdeenand shock. The producer optimizes the
stored amount by putting the expected marginalmesef stocks equal to the marginal

costs of holding stocks.

The academicians using the model follow the lolyat tif stocks are held by risk-neutral

agents maximizing their profits, the expected pisceght to the current price through costs

% The result holds also for non-zero extraction cben the net price (market price minus extractiooe)
increases by. (Hotelling 1931).



of holding stocks. Because of the existence ottrevenience yield, the agents create serial
dependence in the price even if there is no depwdi@ the underlying shocks to the
supply and demand, which are in fact moderatedistence of inventories (Deaton and
Laroque 1996).

1.2.3 The applicability of the models in the real warld

Both theories gave birth to various non-structe@nometrical models on commodity
prices. Pindyck (1999) provides a study investigathe long term price evolution of
several commodities, oil among them. Pindyck (1988ues that structural models are
more suitable for explaining the shorter term pggelution, whereas they are not
appropriate for longer forecasting for the reaswat it is difficult to forecast the underlying
explanatory variables. In the long term the growftthe prices can be assumed to be stable,
either because of the notion of depletion or bezafishe long term marginal cost. Using
the basic Hotelling’s model with constant margioasts of extraction, Pindyck shows that
oil prices are reverting to a long term trend liapresenting long-run total marginal cost,
which itself is unobservable and is changing oireet The results on successfulness in

forecasting the oil prices are mixed, though.

The basic version of Hotelling’s model was usedrany analysts to predict rising price of
crude oil, even in the periods when the world wssexl sharply declining prices of oil
(Fattouh 2007). Krautkraemer (1998, p. 2102) cowerariety of econometrical studies and
concludes that there is strong empirical evidehaéthe basic Hotelling’s model does not
adequately explain the observed behavior of nonvahke resource prices. According to
him, even the models extended for the above mesdid@atures, despite increasing the

performance of the Hotelling’s model, do not congdieapply to the observed data.

A model using the inventory storage theory is faaraple applied by Deaton and Laroque
(1992) and Deaton and Laroque (1996), who try fdax the price of commodity by
including speculative storage. They admit that jotezhs of their first model, where the
shocks to harvest are assumed to be independentically distributed, are outperformed
by a simple first-order linear autoregression mobtetheir latter study they allow for
autoregressive behavior of the shocks, but theapsgleé/es describe the results as

disappointing. Ederington et al. (2011) reach atezview of several papers a similar



conclusion: models based solely on the theoryarhge do not tend to do a very good job

in predicting the price behavior.

The main criticism is aimed at the unrealistic aggtions of the models. That, however,
does not necessarily mean the models are usdlessild also mean the models are just
used in a different way than in which they werepaged to be used. As Fattouh (2007, p.
8) notes: “In my view, Hotelling’s model was notended and did not provide a framework
for predicting prices or analyzing the time sepesperties of prices of an exhaustible

resource, aspects that the recent literature tenels\phasize.”

1.3 Structural supply-demand models

The supply-demand framework to model the interastion the market of oil gained in
popularity after price spikes at the beginninghi$ tentury (Dées et al. 2007). The models
show very low price elasticity of supply in the shaun, which is in accord with the
inventory storage theory and the Hotelling’s mddan the previous chapter, where the
producer was not considering the price of the codityavhen he was making the optimal
production decision. The low price elasticity ofitand in the short run then justifies

significant price movements in presence of deméodlss.

It is logical to model the price behavior of a coodity with the help of supply and

demand, but modeling the market of oil is especiadmplex. Fattouh (2007) emphasizes
the supply side, where there is hardly describbablevior of OPEC, reserves both proved
and unproved and the depletion effect. Althouglseh@odels generally fail to explain the
spikes in oil prices in 2007, they are still captgrthe essential variables and form the roots

for models characterized by Fattouh (2007) as mé&mapproach models.

1.3.1 Demand for oll

The EIA divides the sources of oil demand into tsMOECD and non-OECD countries.
Such a division distinguishes the two groups ofitoes with historically different roles.
While the demand of OECD countries ruled the maidetlecades, it slightly declined
between 2000 and 2010, whereas the demand fronOE®D countries has risen by 40 %,
especially because of China, India and Saudi Ar@bid 2012b). The OECD countries

still represent the majority of worldwide petrole@wonsumption (see the Figure 2), but its



share declined to 54 % in the year 2010 from 6215 %e year 1990, with the steepest
decline in recent years (data source: U.S. EIA 20022003, China took over Japan’s
second place in petroleum consumption and has $teadily growing so that in the year
2010 China consumed almost half as much petroleutheaUSA. An unexpectedly strong
growth from emerging economies is provided for egkeny Hicks and Kilian (2009) as a

reason for the increasing oil prices between 20@B32908.
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Figure 2: Petroleum consumption by organizations atates(source: author based on the U.S. EIA)

1.3.1.1 Economic activity

As oil is a commaodity highly used in the industitye demand for oil is depending on the
growth or decline of the world economy. The reskars modeling the oil market therefore
search for a suitable proxy for the world econoautvity. Griffin and Schulman (2005)

for example observe the retail prices of oil in @EEuntries and are using OECD income
per capita, Krichene (2006) uses in his analysi®®Dthe G7 countries. Using such

proxies raises concerns about their suitabilitgaose, as already shown, the increase in the

demand for oil comes nowadays mainly from non-OE©@Dntries.

The problem of capturing a good proxy for the glakal economic activity for the purpose
of modeling the oil market is discussed by Kili@0@9). According to him, there are three
main issues when constructing a proxy for the egpoactivity. First issue is the data
availability — for many countries, measures of meoare available neither on a monthly
nor on a quarterly basis. Second, one must propsthblish the constantly changing

weights of particular countries to global econoattivity, which is made even more



difficult because of the continually changing exaa rates. Finally, the income measured
by GDP can be distorted for our purpose as in imm@liged countries the growth often

relates to increasing share in services.

Kilian (2009) suggests an index of economic actiised on a global index of dry cargo
single voyage freight rates. Under the assumptiahthe demand schedule for shipping
services shifts with respect to economic actiuitg, price of shipping service can serve as a
proxy for economic activity. Kilian then uses swhindex in later analyses, see for
example Baumeister and Kilian (2012); Hicks anddfil(2009); Kilian and Murphy

(2010). The index is also used by other researcf@rexample by He et al. (2010).
Kaufmann (2011), however, questions the validityha$ index, showing that in opposite

the high prices of oil might affect the freighteat Moreover, Kilian (2009) is using the
refiner acquisition cost of oil when calculatingtimdex, which includes the transportation
costs. Kaufmann (2011, p.107) further shows thattfe F test strongly rejects the null

hypothesis that real oil prices do not ‘Grangersea$HIP [meaning the Kilian’s index].”

1.3.1.2 Price and income elasticity

The demand models of oil market focus on the icteyas between the oil demand, oil
price and economic activity and result in the magte they can influence each other. Price
elasticity shows the changes to the demand farithl respect to the price of oil. In the
short run, prices of oil have usually very smafluance on the demand. Krichene (2006)
for example reports the price elasticity for the €é@uintries between -0.02 and -0.03,
whereas Griffin and Schulman (2005, p. 11) estirtta¢eshort term price elasticity for 16
OECD countries at -0.11. The long term price et#gtenjoys much wider variety among
researchers — Krichene (2006) reports the long peroe elasticity between -0.03 and -
0.08, Griffin and Schulman (2005) -0.36 and Gagalg Huntington (2002) -0.64 for
OECD countries and -0.18 for non-OECD countries efplanation for such a difference
can be that in non-OECD countries, the end pricéhf® consumer is often influenced by
various governmental subsidy programs, whereasdhsumer in OECD countries feels

the change immediately and can adjust to it, e/aatiin the short-term (EIA 2012c).



In general, very low price elasticity is assumedvall as the longer term price elasticity
being higher than the short term one (Fattouh 200vgrall, oil is in the short term highly
price inelastic, in other words, changes in pricendt cause changes in demand. In the
long-term, results differ, but there is evidenceswlstitution effect and energy conservation

taking place.

Income elasticity of demand stands for the mageitoidchange in demand with rising
income. As already described, researchers useehtfeneasures of economic activity, but
mostly it is GDP or GDP per capita of the selegaahple of countries. In the above
mentioned studies, Krichene (2006) reaches the-longncome elasticity of 0.54 to 0.90,
whereas Gately and Huntington (2002) report 0.56#8CD and 0.53 for non-OECD
countries. Fattouh (2007) after reviewing sevetéostudies concludes that the demand
for oil is more sensitive to changes in income tblaanges in price, there is a heterogeneity
across countries and the responsiveness of oil mgmnoaincome has been declining for the
OECD countries. A possible explanation for thahet the developing countries are more
industry-intensive and hence require higher proporf energy. Also, the transportation
oil represents in the OECD countries just a snralpprtion of GDP, whereas it is more

significant in the expanding economies (EIA 2012b).

1.3.2 Supply

Despite the described difficulties in modeling tleemand side of oil market, the supply
side has traditionally enjoyed more attention tseegchers. Although there are some who
approach it as a homogenous variable, as for exalifihn and Murphy (2010), most of
them distinguish clearly between OPEC and non-OpBguction. OPEC’s share of world
production has been almost without a change rougB6 for the last 15 years (data
source: U.S. EIA 2012). On the other hand, OPEQ'exports represent 60 % of
internationally traded oil (EIA 2012e) (see Fig@)e While it is believed that the non-
OPEC producers behave competitively, the theoneserning the OPEC behavior differ

(Fattouh 2007). Furthermore, the fear of oil deptetan push the prices higher as well.
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1.3.2.1 OPEC supply

“OPEC is a permanent intergovernmental organizaifdt? oil-exporting developing
nations that coordinates and unifies the petrolpolhicies of its Member Countries”

(OPEC 2012). The theoretical debate about OPE@somthe crude oil market, which
serves as a base for econometrical research, entdred omnvhetherOPEC restricts

output of oil, but orwhy it restricts it (Fattouh 2007, p. 21). Many resbars have tried to
explain OPEC behavior on the oil market with diéietr hypotheses. The two probably most
popular theories are the cartel theory and themawéarget theory. The cartel explanation
would mean that OPEC chooses price or quaritisiesh that the marginal revenue minus
marginal cost increases at the rate of interestdffek 1978). The target revenue theory, on
the other hand, explains the OPEC supply decisanrasponse to the current budget

requirements (Fattouh 2007).

Smith (2005, p. 6) provides a large literature giew to the topic and concludes that “...
the empirical literature has failed to produce ckadence regarding the nature of OPEC
behavior, whether competitive or otherwise.” A pblesexplanation according to him is
that OPEC behavior simply varies over time depamndim circumstances, which makes it
impossible to capture it by one single hypotheSigh a conclusion is in accord with
Griffin and Neilson (1994), who observe historigattlatively short period of 1983 — 1990

and find for OPEC’s behavior consecutively two @iéint fitting models. According to

*In 1986 OPEC abandoned the strategy of settirug pni favor of the strategy of setting productioms.
(Fattouh 2007)
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Smith (2005), OPEC is much more than a non-cooperatigopoly, but much less than a
frictionless cartel as well. He can neither confimor reject the hypothesis that Saudi

Arabia behaves as a leader of the organization.

The different, often contradictory theoretical déstiinder application of a simple
econometrical model explaining the evolution ofgite according to OPEC’s behavior.
Dées et al. (2007) for example use OPEC'’s opeipacity and OPEC production, which
depends on the world demand, production of theafetste world, OECD’s inventories and
processing gains. According to their result, amease in OPEC’s capacity by 1 % has an
immediate negative effect of 10 % on oil pricesthia long run the effect is 12 %. The
reduction of prices leads to increase demand f&E©® oil by 2 %. The overall estimated
effect for OPEC is a decline in revenues by 8 %ctviexplains why OPEC is unwilling to
increase the production capacity.

1.3.2.2 Non-OPEC supply

Non-OPEC producers represent roughly 60 % of thedaml production. The largest oil
producing Non-OPEC country is Russia (10.1 ml.ddarper day) followed by the USA
(9.7 ml. barrels per day) (data source: U.S. EIA).

The non-OPEC producers are usually regarded as fatkers, since they are not able to
influence the price by managing production. Heticey are usually producing near their
full capacity and they tend to have relatively l@gproduction costs, as the cheaper oil is
accessed by OPEC countries (EIA 2012d). Non-OPHfGpeanies must therefore seek for
new sources of oil from less profitable sourcesieepwater offshore or oil sands. As they
are trying to lower the costs of drilling, they aleo considered to be the technology
leaders on the market (EIA 2012d). The EIA (20Eports the upstream cosfer 28
reporting companies between 2006 and 2008 costsaoexl of oil of 41.49 USD for the
USA (with decomposition of 37.32 for onshore and2@4or offshore), 38.75 for Canada
and just 17.09 for the Middle East, the lowest am@mong all the regions. Although the

data describing the available oil supply in relatio the finding and lifting costs could

® The costs consist of finding costs and liftingtspicluding the production taxes. The tax is llgua
fluctuating according to the price of oil on therkets and stands for a significant share of liftoogts — in
2008 the lifting costs for USA were 14.75 USD parrbl of oil equivalent (boe), including a tax 498D
per boe. In 2009 the price of oil decreased andakslumped to 1.78 boe (EIA 2007, p. 21)
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definitely help in explaining the supply side of, diecause of the low frequency of
publishing they are just of a little use (Colem&i2, p. 319-320).

Various researchers have tried to estimate thetiamg price elasticity of the supply of
non-OPEC producers to quantify their responseitepnovements. In such models, price
exogeneity is justified as the non-OPEC producersaasumed to be the price — takers.
Despite this assumption, which makes the estimaaster than in the case of OPEC, the
estimates vary largely across literature. Krich@@96) estimates the long run price
elasticity 0.08, which would mean that the oil slydgarely responses to the changes in
prices. Gately (2004) estimates the short — rurepglasticity of supply between 0.03 and
0.05, whereas in the long — run it varies betweé&b @nd 0.58. Such results show that even
if the non-OPEC producers are positively motivdigdhigher prices, in the short run they

are greatly limited by their production possibégi

1.3.2.3 Reserves

There are many definitions of petroleum reservasniostly the definitions organize
reserves according to the estimate of certaintyuahtity that might be recovered (Oil and
Gas Reserves Committee 200B)oved reserveare usually denoted P90, which stands for
90 % probability that the recovered amount willdggial or greater than the estimate.
Similar guideline is followed by thenproved reserve@50) angossible reserve@10)
(Fattouh 2007, p. 17).

Due to the U.S. EIA data on proved petroleum reserthe largest proved petroleum
reserves were held by Saudi Arabia in 2011 (26Rli6rbbarrels), followed by Venezuela,
which proved reserves almost doubled to arounda?8@n barrels between 2010 and
2011. The third place is then attributed to Candd@&.2 billion barrels) with approximately
97 % of the reserves being unconventional, mandgnfbitumen deposits (EIA 2012a). In
2009 the total proved reserves were almost 134i2iibarrels of crude oil. With the
petroleum consumption 84.7 million barrels per dhg,world had proved reserves for 43.4
years. This ratio has furthermore increased owees.tin 1973, the world had proved oil
reserves for 30 years, in 1983 for 35 years, irB1f08942 years and in 2003 for 41 years
(Watkins 2006). This is mainly not because of nésealeries, but thanks to growth in
preceding reserves, either because of the initialyconservative estimates or new
technologies (Fattouh 2007).



13

The importance of oil reserves is derived fromuledi-known phenomena peak oil
introduced by Hubbert (1949) and further developetd56, where Hubbert introduced the
bell-shaped curve representing the complete cyfgeanluction of any exhaustible
resource. In this article he also successfully jpted the peak oil, in other words the
moment, when the maximum extraction rate of oitsched and starts to decline, for the
U.S. oil production for approximately the year 19T8e idea of peak oil is now widely
accepted (de Almeida and Silva 2009), the estimgdads of reaching the peak oil vary
mostly from 2010 to 2025 (Hirsch et al. 2006). Sanhevent would result in a huge liquid
fuels problem (Hirsch et al. 2006), which wouldteetly justify the recent increases in the
prices on the markets (de Almeida and Silva 2009).

1.3.3 The explanatory power of the structural model

All'in all, the supply-demand models showed a smhility of both supply and demand to
respond to oil prices in the short term. In theglderm, the estimates of price elasticity of
demand differ and some researchers even emphéagiaicant differences from the
regional point of view, saying OECD countries cdjuat their consumption according to
changes in the price of oil, while the higher indiasized non-OECD countries are more
dependent on oil and there is just a minor consiomatdjustment with respect to price.
The income elasticity of demand estimates and @li@sticity of supply also differ
significantly among available studies, which makesfficult to draw any general

conclusion from them.

Some simplified conclusion for the short term isgible, though. Let us assume the short
term price elasticity of demand -0.05 and the pelesticity of supply 0.05, both of them
well observed in the presented literature sampd¢ us assume that OPEC behaves as a
swing producer which fills the gaps between theldvoil demand and the non-OPEC
supply, but benefits from higher oil prices. Letfugher assume a negative supply shock
on the non-OPEC side, which decreases the worlgdlisdpguantity of oil by 1%. If OPEC
does not take any corrective action, the equiliorguantity on the market sinks by 0.5 %

and the oil price rockets by 10 %. Even if thiscagdtion simplifies the influence of OPEC
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on the supply side, it clearly illustrates the préensitivity of the market to the supply and

demand shocks, both of them witnessed in recemsyea

Fattouh (2007) concludes that even if the suppigated framework provides useful insight
into the oil market, it fails to succeed in projagtthe prices, as it is highly sensitive to the
assumptions about elasticities and OPEC behavifor €xample the assumed elasticities

in the preceding paragraph had been 0.1 and H&Jgrice would have shown an increase
only by 5 %. Furthermore, the framework lacks ottwrtext in which the price is

determined besides the supply and demand.

1.4 Informal models

After the surge in price and volatility of oil pes in 2008, the crude oil enjoyed increased
attention from researchers. Khan (2009) discusseg possible causes of the spike. The
first possible explanation is the start of the petlas described in the previous section,
which, however, was at variance with further rismigoroduction. The second explanation
can be called fundamentalists explanation, asriiggments of the theory believe the surge
in the oil prices was caused by fundamental factidwes GDP growth on one hand and
capacity constraints on the other hand. Finallgreéhare researchers believing the
fundamental factors were not powerful enough tmantfor such a price increase and that
the price was manipulated by speculation on furitheneases. Unfortunately, speculation
is, unlike GDP, oil barrels or the number of OPE€mbers, hard to measure (Cifarelli and
Paladino 2010, p. 371; Kaufmann 2011, p. 109; K@0D, p. 4; Parsons 2009, p. 32).

Time showed that the traditional basic structuratieis were unable to capture the
observed evolution on the market. Researchers thavefore tried to capture other
variables that could have an influence on the gridee short-term, as the lack of spare
capacity, geopolitical situation, the role of int@mes or speculation on the markets. Some
of the factors have already been described eaneewill just present some further ones

and focus on the main topic of speculation mordepth.

Breitenfellner and Cuaresma (2008) for example exaitte relationship of oil prices and
the EUD/EUR exchange rate, using it as a proxy@oninal effective exchange rates, as it

represents a significant share of oil imports flOPEC countries. They identify and
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discuss five channels in which this relationship take place; the purchasing power
channel, the local price channel, the investmeannobl, the monetary policy channel and
the currency market channel. Although the directbonausality between USD/EUR and
oil prices is unclear, exchange rate informatiosigmificantly improving the oil prices

forecasts (Breitenfellner and Cuaresma 2008, p).118

Kaufmann et al. (2008) find a negative relationdfepween the crude oil prices and the
refinery capacity utilization. They interpret tmedationship in the way that in case of
higher refinery utilization, the refineries are egting crude oils with other properties, for
example another API gravity index, than are thesdhe refinery is most suitable for
Such crude oils increase the operating costs @rdfineries, which are willing to pay

lower prices for them.

Finally, the important role of inventories has beenfirmed by multiple analyses, for
example Chevillon and Rifflart (2009); Dées et(2007); Kilian and Murphy (2010). Dées
et al. (2007) perceive the effect of holding staska positive externality on the market for
crude oil. The agents on the market usually haldkst for reasons described in the
inventory storage model earlier in this thesis, tiyds avoid the risk of disruption.
According to Dées et al. (2007) higher OECD oikkwsuppress the oil prices and they
suggest that policy makers develop instrumentsb@aece the willingness of agents to hold

stocks.

As the speculation on the crude oil market is e topic of this thesis, it will be given

more space in the next separate chapter.

® Light sweet crude oils tend to be produced fastthey are because of their properties more exgeasd
generate more revenues for both producers ancerafm Most of the refineries are therefore settiese
crudes and higher refinery utilization is usualbynoected to refining heavy and sour crudes (Kaufmetral.
2008, p. 2615).
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1.4.1 Speculation
“It is hard to explain current oil prices in terrmsfundamentals alone. The recent
surge in the oil price (from USD 80 to USD 100 arélh seems to go well beyond
what would be indicated by the growth of the waetsbnomy. Producers and
many analysts say it is speculative activity tegtushing up oil prices now.
Producers in particular argue that fundamentalddvgield an oil price of about
USD 80 a barrel, with the rest being the resukpsculative activity.” (IMF 2008,
p. 27)

One can find dozens of such quotes across newetearind many even in academic
articles. What one cannot find is any statisticadlence that the price spike was caused by

speculation.

Among the proponents of the hypothesis that themke in 2008 was not entirely caused
by fundamentals there are for example Parsons §2@b@villon and Rifflart (2009),
Cifarelli and Paladino (2010), Coleman (2012), Kaahn (2011), Kaufmann and Ullman
(2009), Khan (2009) and Ellen and Zwinkels (2010).

A major influence of speculation on crude oil netekis rejected by the Interagency Task
Force on Commodity Markets (2008)amilton (2009b) or Kilian (2009), who argues that

the price increase was led by higher demand edpeft@nm China.

How to prove that oil prices are driven up by spattus? One would say that an easy
solution would be to regress the amount of speiwealaapital on the market on oil prices
and test the significance of the influence. Distisging the speculative from the non-
speculative capital proved quite difficult, thou@peculation can be defined as an act of
purchasing (selling) an asset with the intent tbits@e-purchase) at a later date with a
motive of expectation of a change in price (Kalii®89, p. 1). The only data which at least
roughly fit the definition are provided by the UGommodity Futures Trading Comission
(CFTC).

CFTC distinguishes between two types of agentheriutures markets; commercial and
non-commercial traders. The classification of a g@rcial trader is achieved when the
trader files a statement with CFTC confirming heslging intention on the futures or option

market (Interagency Task Force on Commaodity MarRé@8, p.19). Usually one assumes
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that the speculation on the market is representgtdidonon-commercial group of traders,
but because the motivation to take the hedge ofhaneercial trader is not investigated and
one therefore cannot say whether the hedge iswithen intention to lower risk or it is a

market bet, the speculation could arise also witlncommercial group.

The increase in open interest because of the indlowon-commercial traders is obvious
from the figure Figure 4. If the global oil prodigt reached on average 86,838 thousands
of barrels per day in 2010, then just the volumep#n positions on NYMEX futures
market exceeded this number 15.4 times. This fxtainly can lead to a concern whether

such an inflow of speculative money could pushdiherices higher.

Open interest on NYMEX
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Figure 4: WTI open interest on NYME¥ource: author based on CFTC)

A special report of CFTF, a Commitment of Tradeqgoart (COT) further distinguishes
between commercial producers, manufacturers, coniahelealers, swap dealers (all these
are part of the commercial traders group), hedgddwand floor brokers & traders (these
are part of the non-commercial traders group (&gency Task Force on Commodity
Markets 2008, p. 21). These categories account2d08 for roughly 80 % of open interest

in the crude oil futures market. The groups suspespeculation are then non-commercial
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traders in total, the hedge funds, swap dealersxanecommercial traders combined with
swap dealers (Interagency Task Force on Commodiitkéds 2008, p.27). The report tests
the Granger-causality relating daily position chestp price changes in the NYMEX WTI
crude oil futures contract in years 2000 to 20Q8&,does not find any evidence that any
group’s change in the position precedes the chemthe price. It finds, however, a reverse
Granger-causality for some of the groups, whichmadhat the increase in the speculative
capital occurred after the increase in price. Bport concludes that the results are
consistent with the view of crude oil being driuvgmby fundamentals (Interagency Task
Force on Commodity Markets 2008, p. 29).

Buyuksahin and Harris (2011) also fail to find thraders on NYMEX, who can be
considered speculators, lead the price changesdlmasthe Granger causality tests, and

find a reverse relationship indicating that spetutaand swap dealers are trend followers.

What indicators do then lead to the opinion thatdtude oil markets are driven by
speculation? Kaufmann (2011) discusses three itaticaf speculation. First, he occupies
himself with the role of inventories. In the invent storage theory, described earlier in this
thesis, if a producer expects a price rise, itnsason to increase the oil inventories.
Kaufmann shows and statistically tests for a realérsa 22 years downward sloping trend
starting at 1982, when the inventories start te ims2004. Although such a test cannot be
considered to be a proof of speculation, Kaufma&gards it more as a “smell test”.

A so called “Law of One Price” is Kaufmann’s secondicator of speculation. The Law of
One Price is a widely tested and confirmed behet the world crude oil market is unified,
which implies that the spread between two crude anl different markets is given by their
physical measures of quality, as for example tiieiscontent or API gravity index, and
arbitrage transaction costs (Fattouh 2010; Kaufn2did, p. 111). The spread between
prices of two crude oils should therefore be stetiyg, unless speculative expectations play
an important role in price formation. Kaufmann iadedentifies several extended periods

when the cointegrating relationship breaks down.

Finally, Kaufmann points out an inability of fundamntal models to capture the price
changes in the beginning of the millennium. On aaneple of model proposed by

Kaufmann et al. (2008) he shows relatively goodgrarance of the model based on
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fundamental measures until the year 2007. Aftei720Men the model under-predicts the
real values when there is a price increase andmreelicts when there is a price drop, both

consistent with the behavior in presence of spéiona

1.5 Summary

In the first part of the thesis we have coveredntiagor approaches trying to explain the oil
prices. The Hotelling’s theory and the inventorgrage theory present an alternative to the
classic microeconomic theory, where the price enntiarket would equal to the marginal
cost of production. In case of a commodity which ba depleted, we need to take into
account also its scarcity rent. Both of the mod&lsn predicting the oil prices even in the

longer period, even if some argue that it was néwar goal.

Furthermore, the fundamental variables on the caildearket were considered. We
described the tightness between the supply andmimdnich has been steadily growing
because of the developing countries. The suppby; sid the other hand, is complicated
because of the presence of the OPEC cartel, whagetshare is also slowly increasing.
Another very important factor is the threat of geak oil, which would have far-reaching

consequences.

At the end, we briefly introduced further factorkieh were proven to be important for
explaining the crude oil prices, for example theGDEnventories. We dedicated more
space to the topic of speculation, which is suguktd be responsible for the large changes
in oil price in the recent years. We discussedottesible connection between the
increasing amount of the open interest on the caoildearket and the speculation and
noted that so far, no causality has been found tremncreases in open interest to the

increases in the olil prices.
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Part 2: Empirical part

In the second part of the thesis we will try tovaesthe two following questions:

1) Is there any long term relationship betweenctivele oil prices and the open interest on

the futures market?
2) Can an increase in oil price volatility leadiacrease in the open interest?

The first question relates to whether simply thanghing in the investor perception of the
market without any change in the supply and denfactdr can lead to higher prices, the
second question then whether an increase in the palatility can cause such a change in

the perception.

First, we will describe the data we will use for @amalysis and suggest a model which
could help us answer the first question. Then, axeeta closer look at the reasoning for the
methodology used to the estimation model and theason itself. In the fifth part of the
chapter presents the result of our analysis. Bais$ sledicated to the answer to our second
research question. Part seven briefly discusse®he of the crude oil price forecasting.

Finally, we summarize our results and compare tteethe result of the recent research.

2.1 Data

For the price of oil, the front month future of Wa@exas Intermediate (WTI) light sweet
crude oil with delivery in Cushing in Oklahoma isedl, as the WTI price together with
Brent and Dubai oil serve as international pridiegchmarks (Fattouh 2010). We used the
data on the non-OPEC crude oil production providgthe EIA on a monthly basis and
treated the crude oil produced by OPEC as a sdparabable. The data on the world
crude oil consumption are unfortunately not prodide a monthly basis by the EIA for the
non-OECD countries. Since we have already pointedh@ importance of the demand
growth coming from these countries, we decidedsmthe data on the world liquid fuel
consumption, which is assumed to be a good proxgriade oil consumption. We also
included the petroleum stocks in OECD countrieghaglata on the inventories of the non-
OECD countries are unfortunately not available. fih@ncial market is represented by the
data on open interest on the WTI futures marketigea by the U.S. Commodity Futures

Trading Commission.
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All the variables are monthly, as that is the lowesgquency the EIA is releasing the
fundamental data. The first month the data onithedity fuel consumption are available is
the January 1994 and the last data used are frei@d¢tober 2011, the sample therefore
consists out of 214 observations. We would of ceprefer a larger data sample, but that
would lead us to the need to drop some of our blasa Such a relatively small sample
prevents us from including other variables that@dde interesting for modeling the crude
oil market, as for example the strategic reser@&CD crude oil imports, OPEC spare

capacity, the global proven reserves, refineryaatiion etc.

In the second analysis in this thesis we use wedddg on the open interest on the WTI,
Cushing Oklahoma provided by the U.S. CommodityFeg Trading Commission, and the
weekly standard deviation of the WTI front montkufes contracts, calculated for the last
five days every Tuesday, for when the data on genanterest are published as well. We
are working with the time period 1994 to 2011, vihgives us a sample over 900

observations.

The table | shows the basic summary of the useal ¥é¢ can observe the great variance in
the data — for example the crude oil price, whieechighest value is more than ten times
the lowest one. The standard deviation of the OPE@uction being higher than the non-

OPEC one is also notable.

Name of the Units Mean Standard deviation = Minimum Maximum

variable

Crude oil price uUsD 44 29 11.3 134

OECD inventories bl. barrels 2910 1343 710 6940

Liquid fuel bl. barrels per 79 6 66 89

consumption day

Non-OPEC crude oil | bl. barrels per | 40 1.96 35.7 43

production day

OPEC crude oil bl. barrels per 29 2.47 24.6 33.1

production day

Open interest of WTI| ‘000 of 750 390 315 1554
contracts

Weekly standard uUsb 0.8723 0.776 0.0234 7.83

deviation of the crude
oil prices

Table 1: Summary for the used data (source: althsed on EIA, CFTC)
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2.2 Model

We hypothesized the existence of two equilibridrencrude oil market, the first
equilibrium on the physical oil market, where thedamental variables influence each
other, and the equilibrium on the speculative faialhmarket, which is represented by the
size of the market. Even if the U.S. Commodity FFesuTrading Commission provides a
distinction between commercial and non-commercaldrs and one could search for the
speculation on the crude oil market strictly on tle@-commercial side, the connection
between speculation and the crude oil inventorassiieen often suggested (Hamilton
2009a; Kaufmann 2011). In such a case, one costdsaek for the speculation within the

commercial traders. Our suggested model is hentmlaws:

price =a, + B, *lfc_w-B,* cop_ rest- 5.,* opee 5, oecd ir (1)

price =a, + [, * open_ interest+ B;* oecd in 2
Price stands for the crude oil futures pritfe, w stands for world liquid fuel consumption,
cop_restfor non-OPEC crude oil productioopecfor OPEC crude oil production,
oecd_invfor OECD petroleum inventories angen_interestor the open interest on the
futures market. This model will be estimated thiotige error correction method suggested
by Johansen (1995).

2.3 Methodology

To decide which method to use for estimating a madis essential do find out whether
our data are stationary or non-stationary. Accaydanthe definition used by Kenda and
Cerny (2007, p. 15), a time series is stationar$f,.iff any shock that occurs in timédas a
diminishing effect over time and finally disappesrsimet + sass ->«.” Whereas a
stationary process tends to fluctuate around itsmaad has a finite variance, a non-
stationary one demonstrates a changing mean amgr@&asing variance with the sample
size (Harris 1995, p. 15). Such processes arecaltsd unit root processes, or processes
integrated of order one, I(1), or of a higher ordére main problem with 1(1) processes is
that they usually violate the assumptions of trdr@ary least squares method (Wooldridge

2003). Moreover, a simple regression of two I(X)eseoften results in significahstatistic,
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pointing out a relationship that does not exist ffldadge 2003). This anomaly has been
tackled by Granger and Newbold (1973), who proved such a regression is simply mis-
specified and the present@&®}is misleading. An I(1) process is described by Widdhe

(2003, p. 797) as “a time series process that needoks first-differenced in order to produce
a 1(0) process,” whereas a process integrateddair@ero, 1(0), is defined as “a stationary,

weakly dependent time series process [...]" thiilluthe standard OLS assumptions.

Since the time series used in our analysis ardyhgyspected of containing a unit root, one
option would be to first-difference them to obtHid) processes. All of the six variables are
presumed to be endogenous in the model, as thatlite review showed that the variables
respond to each other. Such a constraint furth@ptioates the use of a standard OLS
method, as including an endogenous variable inls® @gression can cause bias and
inefficiency (Wooldridge 2003, p.83-84). A solutiomthis would be to use a simultaneous
equations model (SEM) or a vector autoregressiotein@®/AR) for the differenced data.

Engle and Granger (1987), however, showed thatgbssible that for two time seriesnd

X,, both I(1), there exists such a linear combinatipr Sx,that is stationary. In that case

we say thatx; and X, are cointegrated of order (1,1). This linear corabon defines a

long-term equilibrium relationship, driven by soe@nomic forces, toward which the
variables will be forced by an error-correction imagism. A simple vector autoregression
model in differences omits such an error correctesm (Engle and Granger 1987, p. 275).

2.4 Estimation

First, we tested whether our time series were natiegary. Since the unit root tests have

in general low power properties (Harris 1995), wpleed multiple tests to decide on the

I(1) of the process. The basic Dickey-Fuller taesiicated some of the variables could be
trend-stationary, which led us to use a trend inlater analysis of the model. We also
applied a modified Dickey-Fuller test developedaiott et al. (1996), which is supposed

to have a greater power in the presence of a tesTlKPSS test developed by

Kwiatkowski et al. (1992). Based on the resulttheftests we decided to assume that all of
our variables are at least I(1). Finally, the fagterences of the time series were also tested
for a presence of a unit root, to find out whetb@me of the variables were 1(2), where the
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null hypothesis of a unit root has been rejecteallicases. This indicates that all of the
variables are I(1) and invalidates the usage of2th8 method. Instead we decided to use

the error correction model developed by Johans@a5()1

To decide on the number of cointegrating vectothiwiour six variables, we used
Johansen’s trace statistics method with three lzaysed on Akaike’s information criterion,
and a deterministic trend in the levels of thealales. We included a linear trend in the
levels as we believe the supply and demand forecaiiccould be trending, based on the
advice given by Johansen (1995, p. 82) that onalshewhen deciding on the inclusion of
the time trend, rely on the economic insight. Thg@ce can also be suspected of a trend,
as we are using the nominal oil price. The reslitsv that we can reject the null
hypothesis of more than two cointegration factard & and 5 % level of significance. In
our further analysis we will therefore assume thgdthesized 2 cointegrating relationships

(see Part I in the Appendix).

Finally, knowing the cointegration rank of the cogace matrix, we used a vector-error
correction model estimation technigue implementethée Stata program. We allowed for a
linear trend both in the levels of the variabled #re cointegrating equations and four lags,
as the results indicated the presence of seria¢letion in residuals in case of fewer lags.
As we have two cointegrating vectors, Stata impasgsmatically four restrictions on the
resulting cointegrating relationships. Harris (1995117) stresses, however, that it is
necessary to impose some restrictions based ometoarguments rather than forming
the economic arguments based on the restrictiopesed automatically. We therefore
imposed the restrictions based on the two suggespeitibria previously described. For the
sake of the later interpretation we set the caeificon the crude oil price equal to one. We
omitted the variablepen_interest_alin the equation (1) and the demand and supply
variables in the equation (2). Even though sixriesins were implied, the test of the
overidentifying restrictions does not reject thdl hypothesis that the restriction is valid.
We also imposed restrictions on the short-run aajest parameters of theOECD
inventory which represent the speed of adjustment to théilegum in the short run. Both
of thea parameters dDECD inventoryseemed insignificant, which we confirmed by a

joint test. We therefore concluded the weak exoigginé OECD inventoryin the model,
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which should improve the overall stochastic prapsrof the model (Harris 1995). Such a
restriction means that the OECD inventories doaaipast to the disequilibrium on the
market in the short run. We have not restrictechtbeefficients of th@OPEC production
even though the coefficients also seemed insigmficSuch a restriction would go against
the theory of OPEC being a swing producer.

The post-estimation tests suggest that the regressifills the stability condition and there
is no serial correlation in the residuals. The teshormality strongly rejects the normality
in residuals for most of the variables as well askewness and kurtosis. When we plot the
residuals of the oil price (see the Figure 5), ae easily observe growing variance in the
residuals in the latter periods, when the priceilbdlso tends to fluctuate more. This is
probably not so surprising, as the evidence of tmmél heteroskedasticity is present in
many estimated dynamic regression models in finaeggecially for monthly, weekly and
daily data (Gongalves and Kilian 2004, p. 1). Addadditional lags does not solve the non-
normality in residuals, therefore we assume thatetlare important variables missing in the
model. This, again, is not surprising, as the fai@mmarkets are extremely complex and
trying to capture all the relevant relationshipsudomean adding many additional
variables, but, as discussed before, there arenmigh observations for such an analysis.
Despite the non-normality of the residuals, thdyamisis not completely invalid, as
Johansen (1995, p. 29) states: “The methods dearetased upon the Gaussian
likelihood but the asymptotic properties of the hoet only depend on the i.i.d. assumption

of the errors. Thus the normality assumption isswoserious for the conclusion, [...].”
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Figure 5: Residuals of the estimated model
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2.5 Results
We estimated the previously described model ofltwag run equilibria depicted by the
equations (1) and (2) on the market for crude siihg the Johansen vector error correction

method, as follows:

price =223+ 0.241+ 8.8%fc _w -18.4%cop _rest -5.2*opec -5.2* oecd_ in(3)
price =12+ 0.1*t+ 0.05*open_ interest- 3.88* oecd ip, 4)
whereprice stands for the crude oil pridé;_w for world liquid fuel consumptiorgop_rest
for the crude oil production in non-OPEC countrgsecfor OPEC crude oil production,
oecd_invfor OECD petroleum inventories anfden_interestor the total open interest of
the closest future contract on NYMEX. All of theefficient are highly significant, even if

the statistical inferences can be biased by therdstedastic residuals (for the fit of the

model see the Figure 6, for more details on thamaters see Part | in the appendix).
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Figure 6: Linear prediction of the model in levedad differences

The directions of the coefficients in the equaii®nkeep with the economic theory; an
increased demand has a positive effect on the @ligeice, an increasing supply a
negative effect. One can see that the coefficiarthe non-OPEC crude oil production is
higher than on the OPEC crude oil production. B¥éme interpretation that increasing the
non-OPEC production has a stronger negative effethe crude oil prices is tempting, one
cannot interpret the cointegrating relationship #esily, as one cannot simply count on the
ceteris paribugondition. We will elaborate on the results in tiext section. The effect of

increased OPEC inventories is also negative. Aljhoue would like to provide a similar
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interpretation for the equation (4) as well, megrtimt the increase in the open interest on
the crude oil market would lead to higher pricésce there are is no underlying economic
theory, we will rather rely on the impulse-respors®lysis, as it is for such a case
suggested by Liutkepohl and Reimers (1992).

The adjusting coefficients of the variabbesvhich measure the speed they return to the
equilibrium, are shown in Table 2. Most of the ¢mg&énts are significant and negative,
showing that the variables tend to return to théldxium. The coefficient: of the crude
oil showing its response to the first equilibriusmiot statistically significant, which would

mean that the crude oil price could in the shantfundamentally overvalued.

alpha Coef. std. Err. z P>|z]| [95% conf. Interval]
D_wtif
_cel
L1. -.0542816 .0391837 -1.39 0.166 -.1310802 .022517
_ce2
L1. -.1505146 .0429408 -3.51 0.000 -.234677 -.0663522
D_1fc_w
_cel
L1. .0728971 .013147 5.54 0.000 .0471293 .0986648
_ce2
L1. -.0712989 .0144076 -4.95 0.000 -.0995373 -.0430605
D_oecdinv
_cel
L1. (omitted)
_ce2
L1. (omitted)
D_cop_rest
_cel
L1. -.0109495 .0032897 -3.33 0.001 -.0173972 -.0045018
_ce2
L1. .0084958 .0036051 2.36 0.018 .0014299 .0155618
D_cop_o
_cel
L1. -.0006924 .0028802 -0.24 0.810 -.0063374 .0049526
_ce2
L1. -.0029026 .0031563 -0.92 0.358 -.0090889 .0032837
D_oia
_cel
L1. .1168255 .4156819 0.28 0.779 -.697896 .931547
_ce2
L1. -.7552431 .4555392 -1.66 0.097 -1.648083 .1375972

Table 2: Estimated adjusting coefficients
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2.5.1 Impulse-response analysis

The impulse-response analysis allows for an arsabfsa shock of one endogenous
variable on itself or on another endogenous vagiébtataCorp 2009). Such an analysis can
provide an especially valuable insight for the we@rror correction model, as it is often
difficult to interpret the innovations between treiables directly (Lutkepohl and Reimers
1992, p. 54). We used the orthogonalized impulspaese function with Cholesky
decomposition, which, unlike the ordinary impulesponse, allows that a shock to one
variable is accompanied by shocks to other varaf8¢ataCorp 2009, p. 173). The y-axis
represents the shock to the response variableisitie of one standard deviation (to find
out the size of the shock see the Table 3) oféb&luals of the impulse variable, the x-axis
represents the time periods, which are in our oameths. Unfortunately, Stata does not

provide the confidence intervals for the IRF analyd a VECM model.

Variable Standard deviation of the
residuals, units

Crude oil pric 3.72 USL

OECD inventorie 420 bl. barrel

Open interest on NYMEX 39.4 thousands of contracts

Non-OPEC productio 0.31 bl. barrels per d

OPEC production 0.43 bl. barrels per day

Liquid fuels consumptic 1.25 bl. barrels per d

Table 3: Standard deviations in residuals

The orthogonalized impulse-response function (QIétfhe crude oil price on the crude
oil price shows that such a shock is transitorye Titial increase in the oil price is
followed by additional increases within the firgtot months, and then the effect fades
away. Such a development could be interpretednasal behavior on the financial

markets.
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Figure 7: IRF, impulse: Crude oil price, Figure 8: IRF, impulse: Liquid fuel consumption,
response: Crude oil price response: Crude oil price
o
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Figure 9: IRF, impulse: OPEC production, Figure 10: IRF, impulse: Crude oil production,
response: Crude oil prit response: Crude oil prit

An innovation to the liquid fuel consumption hasexpected positive effect on the crude
oil price, the effect seems to be transitory. Aikindevelopment can be observed if the
OPEC crude oil production is increased by one stahdeviation (430 ml. barrels per day).
A bit surprising is a positive shock to non-OPEGdz oil production. Such a shock has
according to our analysis a persistent positiveatfbn the crude oil prices. Why would an
increase in the OPEC production decrease the ailigeces and an increase in the non-
OPEC crude oil production increase them? A possikjfganation is depicted by the Figure
11. An increase in both of the productions hassatipe permanent effect on the liquid fuel
consumption, which is significantly smaller for t&&EC production (even after

considering the different sizes of the shock). iffoeease in the non-OPEC production
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transforms immediately into an increased consumptigiich promptly pushes the price of
oil up. Moreover, the role of OPEC cannot be reaitydeled under the market equilibrium
assumption — OPEC usually does not increase thlauption if it is not needed as low

prices probably are not in its interest. Furthemndne fear of insufficient spare capacity of

OPEC probably plays an important role as well.

OPEC crude oil production -> Liquid fuel consumption  Non-OPEC crude oil production -> Liquid fuel consumption

N
|

0 10 20 3 0 10 20 30

Figure 11: Impulse response analysis of OPEC anu-@®EC production to the liquid fuel
consumption

Finally, we will focus on the influence of the opiaterest on the crude olil price. Our
analysis has already shown there is a long-runibgum between the number of futures
contracts and the crude oil price. The followirgufies model what happens if one of the
variables is pushed out of the equilibrium. We saea both of the shocks are permanent. In
case of a shock of one standard deviation to tharice (USD 3.7), there is an immediate
inflow of investors on the market. Our analysisgesys there is 10 000 more long positions
(and of course the short positions as well). Iredas shock does not fade away, the
investors start leaving the market, as one miglitcoasider the price to be overvalued.
The analysis suggests that in case of a pure ghigek, the open interest finally decreases

under its initial value, but we cannot confirm thathout confidential intervals.
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T T T T T T T T
0 10 20 30 0 10 20 30
step step
Open interest -> Crude oil price Crude oil price -> Open interest

Figure 12: IRF, impulse: Open interest, responséigure 13: IRF, impulse: Crude oil price,
Crude oil price response: Open Intere

In case of a shock on the open interest side, wenas a creation of 40 thousand new long
and short contracts. The figure suggests th&ieaptesence of new investments, the price
shock is a positive and permanent one. That woddmthat not only fundamental factors,

but also the amount of investment on the cruderxke would be able to move the price.

To provide a better robustness for our estimates,eaestimated the model in the statistical
software Gretl without imposing any restrictionschuse Gretl allows for including the
bootstrap confidence intervals. The analysis shawdige two following figures shows not
only that the shock in the unrestricted model lotllessame (which justifies the restrictions
we imposed), but also that the 95 % confidence loduige impulse of the open interest on
the oil price is above zero. The shock to the cmitlprice on the open interest, on the other
way, does not need to be significant.
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Figure 14: IRF of an unrestricted model, impuls@ea interest, response: crude oil price
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Figure 15: IRF of an unrestricted model, impulseude oil price, response: open interest



Figure 16: IRF, impulse: Liquid Figure 17: IRF, impulse: OPEC Figure 18: IRF, impulse: Non-
fuel consumption, response: crude oil production, response: OPEC crude oil production,
Open interest Open interest response: Open interest

As we can see in the Figures 16 to 18, basicalyshiock to a fundamental variable on the
crude oil prices leads to an increase of the opemnast on the market. We have discussed
the uncertainty regarding supply and demand caogedany unknowns already, for
example the peak oil. Because of that, basicaljypaite on the market is justifiable by
some economic reasoning. Most of the participantthe crude oil market are now the
non-commercial ones, which means they trade thedstcontracts only to earn profit on
selling them (or buying them in case of a shoritpmy. An unexpected inflow of such

participants can lead the oil price to a higheeleaven without changes in the underlying

fundamentals.

2.6 Is the crude oil price volatility attracting mare speculative traders?

After showing how an inflow in the open interesttbe crude oil market can cause a
persistent positive shock to crude oil prices, viletake a closer look at whether an
increased volatility in the crude oil prices catraadt more speculative capital to the market.
We will test this hypothesis with the concept oh@ger non-causality introduced by
Granger (1969), which simply tests whether the éaiggalues of one variable increase the
explanatory power for the current value of anotraiable (K&enda and’erny 2007, p.
158). In our case, such an analysis becomes manplimated because the open interest is
assumed to be 1(1). We will therefore rely on thetimd suggested by Toda and Yamamoto
(1995), who proposed overidentifying the model tgliagd extra lags to the true number
of lagsk, whered is the maximal suspected order of integration @R model, and
testing for joint significance of the firktlags. The expected inefficiency added to the

model is supposed to be small for models with agmrs lag length and a small number or
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variables (Toda and Yamamoto 1995, p. 246). Thihatehas been further investigated by
Hacker and Hatemi-J (2006), who concluded thaetieean improved power of the test
after using a bootstrapped distribution, especiallgresence of the autoregressive
conditional heteroskedasticity (ARCH).

As the bootstrapping option is not allowed whiléreating a VAR model under the current

version of Stata, we estimated two restricted n®dsing the OLS method.

open_interest =¢ 42 open_interest E variatioim_prices; +& (5)

i=1 i=1

n n
variation_in_prices =¢ +)_ open_interest
i=1 i=1

vatiion_in_prices, +&, (6)
whereopen_interesstands for the open interest on the crude oil &gunarket NYMEX
andvariation_in_pricesfor the changes in the crude oil futures on NYMEXasured by
the standard deviation of the prices within the kvee

We got different results in estimating the lag kngising the Akaike’s information
criterion, Schwartz’s Bayesian information criteriand the Hannah and Quinn information
criterion. Being aware that the suggested methahtnte distorted by having too few lags
(Hacker and Hatemi-J 2006, p. 1499), we decidedetp on the Hannah and Quinn
information criterion’s suggestion of 15 lags ie tmodel.

Finally, we estimated the equations (5) and (6h@igi6 lags, one extra lag to follow the
Toda and Yamamoto method. The results indicatettang presence of ARCH in the
residuals, therefore we followed the example of kda@and Hatemi-J (2006, p. 1498) and
used the bootstrapping method. Finally, we appied\Wald test for the joint significance
of the first 15 lagged variables. The test forjtiat significance of the lagged variables of
the open interest in the equation (6) shows thatammot reject the null hypothesis that the
open interestdoes not Granger cause thariation in prices The test for the joint
significance of the lagged variables of traiation in pricesrejects the null hypothesis of
the variables being jointly zero on the 5 % levekignificance, in other words, the test
rejects the null hypothesis thadriation in pricesdoes not Granger cause thgen interest
We therefore conclude that there is small evidgheé using past variation of prices for

explaining the current values of the open intenegiroves the explanatory power of the
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model. Because of the large number of lags andlifferent signs on the lags it is difficult
to state whether the increased volatility leads ittegeases in the open interest or not,

though.

2.7 Forecasting the crude oil price
After showing the behavior of our two equilibria dab in the sample, we want to have a
brief look at the behavior of the model for outsaimple forecasting. The following figure

confirms that the out-of sample forecasting isexiely difficult and usually unreliable.

Forecast for crude oil price after the sample period

65 70 75 80 85 90 95 100105110115

T T T T T
10/2011 01/2012 04/2012 07/2012 10/2012

95% confidence intervals forecast

Figure 19: Out-of-sample forecasting for the cruglkprice

In the figure we can easily observe the low prédécpower of the model. Already in the
first forecasted month the 95 % confidence intergllow the possible range of
approximately USD 15, and since we are dealing MECM model, the forecasted
confidence intervals are further widening with time, so that within just one year, we
have a range from USD 65 to USD 115. As the sewahe is almost twice as big as the
first one, we can imagine the decision makers lgasiair decisions on the crude oil
forecasts would like to use a better forecast. fallere of our model to provide a better
forecast is by no means a sporadic one. Peter Bavi®rmer chief economist of British
Petroleum, said for example at the Annual Conferaridhe International Association for
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Energy Economics in 2007 that “we cannot forecdgirwes with any degree of accuracy
over any period whether short or long” (Davies 200Alquist et al. 2011, p. 26). Alquist
et al. (2011) provide a detailed comparison ofdasting powers of different models. They
note that many financial institutions, for examtle International Monetary Fund or some
central banks, use the price of NYMEX oil futurasagproxy for the expected spot price,
but conclude that such a forecast is neither moearate than a no-change forecast
represented by a random walk nor more successfukidicting the sign of the change in
the nominal price. At the one or three months twrjsuch a forecast is according to them
actually inferior to tossing a coin (Alquist et 2011, p. 22). Alquist et al. furthermore
investigated the forecasts provided by professioredroeconomic forecasters and
concluded that the forecasts are mostly lower tharoil price at the time of the forecast,
which resulted into large and persistently negdiivecast errors especially during large oll
fluctuation periods, for example 2003-2009. Théhatg provide a VAR model which tends
to have better predictive powers than a no-chastimate, but only for up to six months
period. The conclusion is therefore similar to ouitis impossible to provide a reliable

long-term oil price forecasts.

2.8 Summary of the empirical results

In our vector error correction model, we were ablénd two cointegrating relationships
indicating two long run equilibria between our \&nles on the crude oil market. The first
equilibrium was described as an equilibrium onghgsical market for the crude oil, where
the supply and demand variables play role, whigesicond equilibrium as an equilibrium
on the speculative market, represented by thedatarude oil price, the open interest on
the NYMEX market and the physical inventories, Wwhspeculative role has been
suggested since the work by Working (1949). Thegmee of inventories allows even the
commercial traders to take part in speculation,mthey hold larger inventories in the
expectation of higher prices. Therefore we diddistinguish in our analysis between
commercial and non-commercial traders, as it was#se for example for Buyuksahin and
Harris (2011) or the Interagency Task Force on Codity Markets (2008). We based our
analysis on a monthly basis, as we believed thetlmhphasis allowed us to not only snap
the market development from both fundamental aeddgtive point of view, but also

provided us with more observations, as many ofthdies are based on quarterly data with
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not more than 70 observations. We were also sewgydbr a longer-term relationship,

which, as we believe, cannot be provided by thby diata.

The directions of our coefficients on the fundaraémériables are corresponding to the
economic theory and the previous literature (foriaf summary see the table 1V), the signs
of the OPEC and non-OPEC productions are negatigetee sign on the liquid fuel
consumption is positive. We also find a significaagative effect of holding stocks on the
crude oil price, which corresponds to the studie€bevillon and Rifflart (2009); Dées et
al. (2007) or Kilian and Murphy (2010). Finally, Wiad a long-term positive relationship
between the crude oil prices and the open intereshe market. Using the impulse-
response analysis, we show that when the varialoées an equilibrium, an increase in the
open interest can lead to a persistent increafeeinrude oil price. A shock to the crude oil

prices, on the other end, leads probably justttargsitory increase in the open interest.

Such a result is in a contradiction to the resaffiained by Buyuksahin and Harris (2011)
or the Interagency Task Force on Commodity Mark&@98), who found Granger causality
from the crude oil prices to the open interest,rmitthe other way round. This can be
caused by the usage of different intervals in tiayasis, as both of the studies are based on
a daily period analysis. Both of the studies thenefocus on a very short term relationship,
trying to find out, whether the daily changes ia tipen interest can lead to the changes in
the crude oil price. We believe that such a proeesdd be a longer-term one, as also our

analysis suggests.

We also tested the hypothesis whether the oil pridatility Granger causes the open
interest on the market. We rejected the hypothbaisthe price volatility does not Granger
cause the open interest, although the p-value wigssbghtly lower than the 5 % and the
direction of the effect was unclear. On the othad) it seems that the open interest does

not Granger cause the volatility in prices on thede oil market.
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Methodology

Dées et al. (2007)  1984Q1-2002Q1,Dynamic OLS

quarterly

Kaufmann et al. 1986-2000,
(2008) quarterly

Interagency Task January 2003 —
Force on June 2008, daily
Commaodity

Markets (2008)

Breitenfellner and = 1983-2007,
Cuaresma (2008) = monthly

Chevillon and 1989-2006,
Rifflart (2009) quarterly

Kilian and Murphy 1973.2-2009.8,
(2010) monthly

Buyuksahinand = July 2000- June
Harris (2011) 2004, July 2004-
March 2009, daily

Slechta (2012) 1994 — 2011,
monthly

Dynamic OLS

Granger non-
causality tests

VAR, VECM

VECM

Structural VAR

Granger non-
causality tests
based on

bivariate VAR

VECM, Granger
causality

Results

very low price elasticity of supply asheimand, higher
supply elasticity for the USA (5.5 %)

OPEC capacity can cause permanent changes in ailude
price

significant influence of OECD stocks on the crude o
price

collapse of OPEC cartel would lead to a decreaseuite
oil price, but also an increase in price volatility

higher U.S. refinery utilization ratéepress the crude oll
price

non-linear effect of OPEC operating capacity
higher OECD stocks lower the crude oil prices

backwardation or contan§eepresent a concern of the
future prices and can also influence the curreicepr

Granger causality from changes in prices to sontbeof
groups in the open interest on the crude oil maratthe
other way round

using the EUR/USD exchange rate improtresoil price
forecast

based the model strictly on the fundamentaiages, the
rest is supposed to be the risk premium, this premi
accounts for half of the increase in the oil pbetween
2000 and 2006

the demand and supply weakly exogenous in the short
run, does not need to hold for longer periods

emphasize the power of OECD inveaeton the crude
oil price, reject the role of speculation in thé)32008
price hike

regard the low demand price elasticity estimatdseto
non-credible, their estimate substantially higher

Granger causality from changes in prices to chaimges
traders’ position, not the other way round

a long term relationship between the crude oilgwriand
the open interest on NYMEX

an increase in the open interest can lead to dspars
increase in the prices

the oil price volatility Granger causes the opérriest,
even if the direction is unclear

Table 4: Brief summary of recent findings in theearch on the crude oil prices

" backwardation — the price of the near month futanetract is higher than the far-month one, cortanthe
price of the near month future contract is lowertlhe far month one (Kaufmann et al. 2008)
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Conclusion

In our analysis, we found a long term relationdbgpveen the crude oil prices and the open
interest on the NYMEX. Furthermore, we showed thia¢n both variables are in an
equilibrium and there is an unexpected positiveeklto the open interest, there is also a
persistent increase in the oil prices. We beli¢v®the risk factor which stands for the
economic force behind the cointegrating relatiopsifithe price and the open interest.
Such a risk premium has been suggested for examdevillon and Rifflart (2009), who
attributed to the risk premium half of the increaséhe crude oil prices between the years
2000 and 2006. There are plenty of reasons whyrilge oil became a risky asset. Starting
from the phenomenon of the peak oil, which possiblesequences are described by Hirsch
et al. (2006, p. 7) as “[...] pervasive and longjiteg.”, to the fact that the shortages in the
crude oil supply are usually compensated by anastkel, whose remaining reserves are
guestionable as well. These problems have bedmefucatalyzed by the growing
consumption coming from the developing countriegll\donsistent with the Hotelling’s
theory, the commodity price is influenced by itarmsity rent, but in a world of uncertainty,
no one knows how high the scarcity rent shouldSueh an uncertainty provides a
playground for speculation on the market and erglaivhy the models based just on
fundamental variables generally failed to explaia oil price increases after 2003, even if
they used to provided satisfactory results forieageriods (see for example Kaufmann
2011). A change of the risk awareness could besadation for such a shock to the open
interest we simulated.

The field for further research is extremely wide thee crude oil prices, as we have not
found any model which power to explain the oil paave would find completely
satisfactory. We restricted our analysis to theédiacthat we believed were the major ones,
since we did not want to lose more observationadding further variables. Other factors
have been proven significant for the crude oil regrthough, and should be therefore
included into the models as well. Kaufmann et2008) for example emphasize the effect
of refinery utilization, for which they becausetbé lack of better data use the U.S. refinery
utilization rates. The same authors find a nondireffect in the OPEC operating capacity.
Breitenfellner and Cuaresma (2008) show an inccepsedictive power of a model when

using the USD/EUR exchange rate. The EIA offere@ted basket of currencies against
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the dollar with the weights equal to the share ofldvconsumption, but at the time of
writing this thesis, the index has been only coragdor the period after 1995. The EIA
also offers the world gross domestic product weidhty the countries’ consumption of the
crude oil, which is only available for the peridtea 2002. We believe that there are also
further factors which are important for the anadysis for example the global proven oil
reserves, which are provided by the IEA only onghrual basis, which makes the use of
the data limited. Even if the reserves have beewigg in the past, the drilling became
more expensive as more of the crude oil is fronbamentional sources. Utilization of such
data would probably also help in explaining thederoil prices. One must, however, find
the ideal balance between the number of varialded in the econometrical model and the
number of observations. On the one hand, morehagare provided quarterly than
monthly, on the other hand, the analysis of quigrttata does not provide the researcher
with enough observations to utilize the variousalaes. Furthermore, as we have already
outlined, there are just limited sources for theadd the developing countries, although

these countries have played the major roles imdbent years.

We believe it is almost impossible to gather a8l televant fundamental data for the crude
oil price analysis, and therefore the risk factdr keep on playing an important role on the
crude oil market, providing space for speculatiartite prices. This obstacle, together with
the impossibility to predict various macroeconoid political events around the world,
will further prevent the researchers, policy-malkargvestors from being able to forecast

the crude olil prices for the longer-run more prelgishen up to now.
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Appendix

Part I: The VECM estimation

The rank of cointegration

. vecrank wtif 1fc_w oecdinv cop_rest cop_o oia, trend(constant) lags(3) levela

Johansen tests for cointegration

Trend: constant Number of obs = 211
Sample: 04/1994 - 10/2011 Lags = 3
maximum trace 5% critical 1% critical
rank parms LL eigenvalue statistic value value
0 78 -2234.2993 132.6953 94.15 103.18
1 89 -2206.9296 0.22851 77.9560 68.52 76.07
2 98 -2185.685 0.18239 35.4667*1*%5 47.21 54.46
3 105 -2177.3122 0.07630 18.7212 29.68 35.65
4 110 -2172.228 0.04705 8.5527 15.41 20.04
5 113 -2168.6154 0.03366 1.3276 3.76 6.65
6 114 -2167.9516 0.00627

The test for weak exogeneity

. test [D_oecdinv]Ll._cel [D_oecdinv]Ll._ce2

( 1) [p_oecdinv]L._cel =0
( 2) [D_oecdinv]L._ce2 =0
chi2( 2) = 1.22
Prob > chi2 = 0.5436

The post-estimation tests

Lagrange-multiplier test

lag chi2 df  Prob > chi2
1 40.2370 36 0.28811
2 28.0622 36 0.82498

HO: no autocorrelation at Tag order

Roots of the companion matrix

Imaginary
0
|

T T T T T
-1 -5 0 B 1
Real

The VECM specification imposes 4 unit moduli
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Eigenvalue stability condition

Eigenvalue Modulus

1 1

1 1

1 1

1 1

.814068 + .28324887 .861938
.814068 - .28324887 .861938
-.4198115 + .51356297 .663316
-.4198115 - .51356297 .663316
-.2181851 + .61139817 .649163
-.2181851 - .61139817 .649163
.2233643 + .59264537 .63334
.2233643 - .59264537 .63334
.4828501 + .28682417 .561616
.4828501 - .28682417 .561616
-.518614 + .16001097 . 542737
-.518614 - .16001097 . 542737
.5077588 .507759
.324741 + .38702427 .505217
.324741 - .38702427 .505217
-.2812878 + .27857077 .395884
-.2812878 - .27857077 .395884
-.00113247 + .37490257 .374904
-.00113247 - .37490257 .374904
-.2806498 .28065

The VECM specification imposes 4 unit moduli.

Jarque-Bera test

Equation chi2 df Prob > chi2
D_wtif 49.930 2 0.00000
D_1fc_w 2.631 2 0.26832
D_oecdinv 63.978 2 0.00000
D_cop_rest 2.348 2 0.30912
D_cop_o 1016.152 2 0.00000
D_oia 19.169 2 0.00007
ALL 1154.209 12 0.00000

Skewness test

Equation Skewness chi2 df Prob > chi2
D_wtif | -.44844 7.038 1 0.00798
D_1fc_w | -.25874 2.343 1 0.12583
D_oecdinv .3348 3.923 1 0.04763
D_cop_rest -.25183 2.220 1 0.13626
D_cop_o -.89125 27.801 1 0.00000
D_oia .29581 3.063 1 0.08012
ALL 46.388 6 0.00000

Kurtosis test

Equation Kurtosis chi2 df Prob > chi2

D_wtif 5.214  42.892 1 0.00000
D_Tfc_w 2.8186 0.288 1 0.59152
D_oecdinv 5.6198  60.055 1 0.00000
D_cop_rest 3.1211 0.128 1 0.72010
D_cop_o 13.628 988.351 1 0.00000
D_oia 4.3568 16.107 1 0.00006

ALL 1107.820 6 0.00000
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Vector error-correction model
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Sample 05/1994 - 10/2011 No. of obs 210
AIC 21.675
Log 1ikelihood = -2143.875 HQIC = 22.52553
Det(Sigma_ml) = 29.68365 SBIC = 23.7789
Equation Parms RMSE R-sq chi2 pP>chi2
D_wtif 21 3.71094 0.3666 122.5584  0.0000
D_1fc_w 21 1.24262 0.3450 110.6988  0.0000
D_oecdinv 19 .414844  0.1349 32.74831  0.0257
D_cop_rest 21 .311259  0.1965 51.52189  0.0002
D_cop_o 21 .429261  0.1586 42.3876  0.0038
D_oia 21 39.3006 0.1443 35.31047 0.0261
(1) [p_oecdinv]L._cel =0
( 2) [p_oecdinv]L._ce2 = 0
coef.  std. Err. z P>|z| [95% conf. Interval]
D_wtif
—cel
L1. -.0542816 .0391837 -1.39 0.166 -.1310802 .022517
—ce2
L1. -.1505146 .0429408 -3.51 0.000 -.234677 -.0663522
wtif
LD. .3878692 .0687826 5.64 0.000 .2530577 .5226806
L2D. .2486873 .0742156 3.35 0.001 .1032274 .3941472
L3D. .0981519 .0770195 1.27 0.203 -.0528034 .2491073
Tfcw
LD. .023755 .3333906 0.07 0.943 -.6296787 .6771886
L2D. -.3491955 .295506 -1.18 0.237 -.9283766 .2299857
L3D. -.2910112 .2400319 -1.21  0.225 -.7614651 .1794427
oecdinv
LD. -.6710134 1.00103 -0.67 0.503 -2.632995 1.290968
L2D. 1.316095 .9843429 1.34 0.181 -.6131813 3.245372
L3D. .9970289 .9863175 1.01  0.312 -.9361178 2.930176
cop_rest
LD. .7699733 .9542771 0.81 0.420 -1.100375 2.640322
L2D. .5064523 .9139016 0.55 0.579 -1.284762 2.297666
L3D. .903498 .8797435 1.03 0.304 -.8207676 2.627764
cop_o
LD. -.4848684 .9659897 -0.50 0.616 -2.378173 1.408437
L2D. .3909956 .9451106 0.41 0.679 -1.461387 2.243378
L3D. .8115865 .9483006 0.86 0.392 -1.047048 2.670221
oia
LD. -.0124395 .0074441 -1.67 0.095 -.0270296 .0021506
L2D. -.0053638 .0072489 -0.74  0.459 -.0195714 .0088438
L3D. .0023967 .0072533 0.33 0.741 -.0118195 .0166129
_cons -.4711109 .4761967 -0.99 0.323 -1.404439 .4622176
p_1fc_w
_cel
L1. .0728971 .013147 5.54  0.000 .0471293 .0986648
—ce2
L1. -.0712989 .0144076 -4.95 0.000 -.0995373 -.0430605
wtif
LD. -.0103517 .0230325 -0.45 0.653 -.0554946 .0347912
L2D. -.0249525 .024855 -1.00 0.315 -.0736674 .0237624
L3D. .0372115 .0257959 1.44 0.149 -.0133474 .0877704
Tfc_w
LD. -.0188503 .111773 -0.17 0.866 -.2379213 .2002207
L2D. .1372472 .0990271 1.39 0.166 -.0568423 .3313368
L3D. .2307208 .0804081 2.87 0.004 .0731239 .3883177
oecdinv
LD. -.0996449 .3351966 -0.30 0.766 -.7566182 .5573285
L2D. -.2004468 .3296109 -0.61 0.543 -.8464723 .4455788
L3D. -.1759505 .3302703 -0.53  0.594 -.8232684 .4713675
cop_rest
LD. -.1283008 .3196456 -0.40 0.688 -.7547947 .4981932
L2D. .0254659 .3060611 0.08 0.934 -.5744029 .6253347
L3D. -.1609057 .2945875 -0.55 0.585 -.7382865 .4164751
cop_o
LD. -.1212588 .323476 -0.37 0.708 -.7552601 .5127425
L2D. -.3751699 .3164791 -1.19 0.236 -.9954575 .2451176
L3D. -.5747763 .3175428 -1.81 0.070 -1.197149 .0475962
oia
LD. -.0033158 .0024932 -1.33 0.184 -.0082023 .0015707
L2D. -.0041226 .0024278 -1.70 0.089 -.008881 .0006359
L3D. -.0060436 .0024293 -2.49 0.013 -.0108049 -.0012822
_cons -.5677836 .1596588 -3.56  0.000 -.8807091 -.2548582
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D_oecdinv
_ce
L1. 4.07e-19 1.07e-18 0.38 0.703 -1.69e-18 2.50e-18
—ce2
L1. -4.07e-19 1.07e-18 -0.38 0.703 -2.50e-18 1.69e-18
wtif
LD. -.0022687 .0076438 -0.30 0.767 -.0172503 .012713
L2D. -.0178026 .0079761 -2.23 0.026 -.0334354 -.0021697
L3D. -.0083404 .0081183 -1.03 0.304 -.024252 .0075712
Tfcw
LD. -.0024316 .0232802 -0.10 0.917 -.0480598 .0431967
L2D. -.0582429 .0259076 -2.25 0.025 -.1090209 -.0074649
L3D. -.0182576 .0239353 -0.76  0.446 -.0651699 .0286548
oecdinv
LD. .1027298 .1118992 0.92 0.359 -.1165886 .3220483
L2D. .0177958 .1098838 0.16 0.871 -.1975725 .2331641
L3D. .0823293 .1102502 0.75 0.455 -.1337571 .2984157
cop_rest
LD. -.0613263 .0976228 -0.63  0.530 -.2526634 .1300109
L2D. .2522903 .0988234 2.55 0.011 .0585999 .4459807
L3D. -.0217252 .0980363 -0.22 0.825 -.2138728 .1704223
cop_o
LD. .1705024 .1069361 1.59 0.111 -.0390884 .3800933
L2D. .0085913 .1050676 0.08 0.935 -.1973375 .2145201
L3D. .19283 .1057924 1.82 0.068 -.0145193 .4001793
oia
LD. .0003621 .0007896 0.46  0.647 -.0011856 .0019097
L2D. -.0003146 .0007662 -0.41 0.681 -.0018163 .0011871
L3D. .0003925 .0007643 0.51 0.608 -.0011054 .0018905
_cons -.0039722 .0321067 -0.12 0.902 -.0669002 .0589559
D_cop_rest
—cel
L1. -.0109495 .0032897 -3.33 0.001 -.0173972 -.0045018
—ce2
L1. .0084958 .0036051 2.36  0.018 .0014299 .0155618
wtif
LD. .0006002 .0057693 0.10 0.917 -.0107074 .0119077
L2D. -.0122977 .0062254 -1.98 0.048 -.0244991  -.0000962
L3D. -.0032827 .0064608 -0.51 0.611 -.0159456 .0093801
Tfc_w
LD. -.0535566 .0279797 -1.91 0.056 -.1083959 .0012826
L2D. -.025993 .0247949 -1.05 0.294 -.0745902 .0226042
L3D. .0019679 .0201368 0.10 0.922 -.0374995 .0414354
oecdinv
LD. .0938188 .0839623 1.12 0.264 -.0707443 .2583818
L2D. -.0381998 .0825629 -0.46 0.644 -.2000201 .1236205
L3D. .1142283 .0827283 1.38 0.167 -.0479162 .2763728
cop_rest
LD. -.1530844 .0800533 -1.91 0.056 -.309986 .0038171
L2D. -.1817618 .076659 -2.37 0.018 -.3320107 -.0315128
L3D. -.137839 .0737897 -1.87 0.062 -.2824643 .0067862
cop_o
LD. .0972002 .0810248 1.20 0.230 -.0616054 .2560059
L2D. .0293741 .0792729 0.37 0.711 -.1259979 .184746
L3D. .0833229 .0795399 1.05 0.295 -.0725724 .2392183
oia
LD. .0003906 .0006244 0.63 0.532 -.0008332 .0016145
L2D. .0003121 .0006081 0.51 0.608 -.0008797 .0015039
L3D. .0003629 .0006084 0.60 0.551 -.0008297 .0015554
_cons .1444101 .0399657 3.61 0.000 .0660788 .2227414
D_cop_o
_cel
L1. -.0006924 .0028802 -0.24 0.810 -.0063374 .0049525
—ce2
L1. -.0029026 .0031563 -0.92 0.358 -.0090889 .0032837
wtif
LD. .0051229 .0079285 0.65 0.518 -.0104166 .0206624
L2D. .0183697 .0083887 2.19 0.029 .0019281 .0348113
L3D. .0179284 .0086095 2.08 0.037 .0010541 .0348026
Tfc_w
LD. .0248601 .0307652 0.81 0.419 -.0354387 .0851588
L2D. .061293 .0300046 2.04 0.041 .002485 .120101
L3D. .0433613 .0260195 1.67 0.096 -.0076359 .0943584
oecdinv
LD. -.0573107 .1157902 -0.49 0.621 -.2842554 .169634
L2D. -.0976561 .1137675 -0.86 0.391 -.3206363 .125324
L3D. .086267 .1140857 0.76  0.450 -.1373369 .3098709
cop_rest
LD. .060229 .1048997 0.57 0.566 -.1453705 .2658286
L2D. -.2081502 .1036677 -2.01 0.045 -.4113351  -.0049653
L3D. .0915886 .1015728 0.90 0.367 -.1074905 .2906677
cop_o
LD. -.1361366 .111093 -1.23  0.220 -.3538747 .0816016
L2D. -.2132572 .1089642 -1.96 0.050 -.426823 .0003087
L3D. -.0542885 .1095599 -0.50 0.620 -.269022 .160445
oia
LD. -.0004624 .0008351 -0.55 0.580 -.0020992 .0011744
L2D. -.0003334 .0008116 -0.41 0.681 -.0019241 .0012572
L3D. -.0011659 .0008106 -1.44 0.150 -.0027548 .0004229
_cons .019409 .0433962 0.45 0.655 -.0656459 .104464
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D_oia
_cel
L1. .1168255 .4156819 0.28 0.779 -.697896 .931547
—_ce2
L1. -.7552431 .4555392 -1.66  0.097 -1.648083 .1375972
wtif
LD. .7376604 .7284545 1.01  0.311 -.6900842 2.165405
L2D. -1.295678 .7860795 -1.65 0.099 -2.836365 .2450096
L3D. -.1110895 .8158266 -0.14 0.892 -1.71008 1.487901
Tfcw
LD. 4.691377 3.534438 1.33  0.184 -2.235995 11.61875
L2D. 6.107383 3.131603 1.95 0.051 -.0304462 12.24521
L3D. .6985402 2.542937 0.27 0.784 -4.285524 5.682604
oecdinv
LD. 7.265288 10.60137 0.69 0.493 -13.51302 28.04359
L2D. 17.65853 10.4247 1.69 0.090 -2.773511 38.09056
L3D. 4.966366 10.44556 0.48 0.634 -15.50656 25.4393
cop_rest
LD. -12.18679 10.10904 -1.21  0.228 -32.00015 7.626573
L2D. -5.651483 9.679707 -0.58 0.559 -24.62336 13.32039
L3D. 9.791845 9.31699%4 1.05 0.293 -8.469128 28.05282
cop_o
LD. 3.670313 10.23062 0.36 0.720 -16.38133 23.72196
L2D. 9.283253 10.00935 0.93  0.354 -10.33471 28.90122
L3D. 4.36228 10.04302 0.43  0.664 -15.32167 24.04623
oia
LD. -.1115632 .0788494 -1.41  0.157 -.2661053 .0429788
L2D. -.1064182 .0767831 -1.39 0.166 -.2569103 .0440739
L3D. -.0607367 .0768304 -0.79 0.429 -.2113216 .0898482
_cons .1490413 5.048623 0.03 0.976 -9.746078 10.04416
Cointegrating equations
Equation Parms chi2 pP>chi2
_cel 4 134.4822 0.0000
_ce2 2 75.57157  0.0000
Identification: beta is overidentified
(1) [_cel]lwtif =1
(2) [-ce2]wtif =1
( 3) [_cel]oia 0
(4) [_ce2]lfcw =0
( 5) [-ce2]cop_rest =0
( 6) [_ce2]cop_o =0
beta Coef. std. Err. z P>|z| [95% conf. Interval]
cel
wtif 1 . . . . .
Tfc_w -9.035065 .9464847 -9.55 0.000 -10.89014 -7.179989
oecdinv 4.821967 1.244983 3.87 0.000 2.381844 7.262089
cop_rest 18.51262 1.81517 10.20 0.000 14.95495 22.07028
cop_o 5.453178 1.156849 4.71  0.000 3.185795 7.72056
oia (omitted)
_trend -.2336901 .0693511 -3.37 0.001 -.3696156 -.0977645
_cons -215.8173 - . . . .
_ce2
wtif 1
Tfc_w (omitted)
oecdinv 3.444691 1.071664 3.21 0.001 1.344269 5.545113
cop_rest (omitted)
cop_o (omitted)
oia -.0503604 .0065559 -7.68 0.000 -.0632097 -.0375111
_trend -.1026704 .0434317 -2.36 0.018 -.1877949 -.0175459
_cons -11.11678 . . . . .
LR test of identifying restrictions: chi2( 4) = 1.465 Prob > chi2 = 0.833
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Part Il: The tests for causality

Estimating the lag length

lag LL LR df  p FPE AIC HQIC SBIC
0 | -13964.1 5.6e+10 24,747 24.747  24.747
1 -11521.4 4885.3 4 0.000 2.8e+08 19.4341 19.4421 19.4551
2 -11483.3 76.166 4 0.000 2.6e+08 19.3598 19.3758 19.4018
3 -11408.2 150.31 4 0.000 2.2e+08 19.2048 19.2288 19.2678
4 -11358.3 99.827 4 0.000 2.0e+08 19.1047 19.1368 19.1888
5 -11320.4 75.646 4 0.000 1.8e+08 19.0311 19.0712 19.1361
6 -11312.3 16.321 4 0.003 1.8e+08 19.022 19.0701 19.1481
7 -11295.7 33.14 4 0.000 1.8e+08 18.9946 19.0507 19.1417
8 -11282 27.436 4 0.000 1.7e+08 18.9734 19.0376 19.1415
9 -11277.8 8.286 4 0.082 1.7e+08 18.9731 19.0453 19.1622
10 -11225.8 104.11 4 0.000 1.6e+08 18.8684 18.9486 19.0785%*
11 -11214.7 22.251 4 0.000 1.5e+08 18.8529 18.9411 19.084
12 -11203.9 21.467 4 0.000 1.5e+08 18.8382 18.9345 19.0904
13 -11190.5 26.828 4 0.000 1.5e+08 18.8177 18.922 19.0909
14 -11181.4 18.182 4 0.001 1.5e+08 18.8066 18.9189 19.1008
15 -11170.9 21.075 4 0.000 1.5e+08 18.7924 18.9127*% 19.1076
16 -11165.7 10.396 4 0.034 1.5e+08 18.7898 18.9181 19.126
17 -11162.7 6.0532 4 0.195 1.5e+08 18.7919 18.9282 19.1491
18 -11150.6 24.109 4 0.000 1.4e+08 18.7744 18.9187 19.1526
19 -11145.6 10.027* 4 0.040 1.4e+08* 18.7721* 18.9245 19.1714
20 -11142.8 5.6517 4 0.227 1.4e+08 18.7747 18.9351 19.1949

OLS of laggedpen interesandstandard deviatiomn standard deviation

regress std oia_l oia_2 oia_3 oia_4 oia_5 oia_6 oia_7 oia_8 oia_9 oia_10 oia_1ll oia_
> 12 oia_13 oia_14 oia_15 oia_16 std_1 std_2 std_3 std_4 std_5 std_6 std_7 std_8 std_9
> std_10 std_11 std_12 std_13 std_14 std_15 std_16, vce(bootstrap, reps(1000))
(running regress on estimation sample)

Bootstrap replications (1000)
Y | 2 | 3
T

50
100
output omitted

950

1000
Linear regression Number of obs = 922
Replications = 1000
wald chi2(32) = 796.30
Prob > chi2 = 0.0000
R-squared = 0.6276
Adj R-squared = 0.6142
RoOt MSE = 0.4837

Observed Bootstrap Normal-based

std Coef. std. Err. z P>|z| [95% conf. Interval]
oia_l 1.15e-06 7.54e-07 1.53 0.125 -3.22e-07 2.63e-06
oia_2 -2.39e-06 1.20e-06 -1.99 0.047 -4.75e-06 -3.53e-08
oia_3 2.02e-06 1.22e-06 1.66 0.098 -3.72e-07 4.41e-06
oia_4 -4.52e-07 1.13e-06 -0.40 0.688 -2.66e-06 1.75e-06
oia_S 1.15e-06 1.10e-06 1.05 0.294 -9.98e-07 3.30e-06
oia_6 -1.66e-06 1.05e-06 -1.57 0.116 -3.72e-06 4.09e-07
oia_7 -5.66e-07 1.03e-06 -0.55 0.582 -2.58e-06 1.45e-06
oia_8 1.47e-06 1.22e-06 1.21  0.228 -9.23e-07 3.87e-06
oia_9 -1.27e-06 1.30e-06 -0.97 0.331 -3.82e-06 1.29e-06
oia_10 1.40e-06 1.32e-06 1.06 0.290 -1.19e-06 4.00e-06
oia_11 -1.50e-06 1.10e-06 -1.36 0.175 -3.66e-06 6.67e-07
oia_12 -7.15e-08 1.07e-06 -0.07 0.947 -2.17e-06 2.03e-06
oia_13 2.39e-07 1.09e-06 0.22 0.827 -1.90e-06 2.38e-06
oia_14 -1.46e-06 1.26e-06 -1.16 0.246 -3.92e-06 1.01e-06
oia_15 3.18e-06 1.59e-06 2.00 0.046 6.22e-08 6.30e-06
oia_16 -9.69e-07 9.37e-07 -1.03 0.302 -2.8le-06 8.69e-07
std_1 .1242312 .0654109 1.90 0.058 -.0039718 .2524342
std_2 .0941667 .0414022 2.27 0.023 .0130199 .1753136
std_3 .1455191 .0597518 2.44 0.015 .0284079 .2626304
std_4 .0764381 .0566008 1.35 0.177 -.0344974 .1873736
std_5 -.0421359 .0717162 -0.59  0.557 -.182697 .0984252
std_6 .0039488 .0465074 0.08 0.932 -.0872041 .0951017
std_7 .0167936 .0457189 0.37 0.713 -.0728138 .1064009
std_8 .0422598 .0502612 0.84  0.400 -.0562504 .14077
std_9 .0315801 .0512057 0.62 0.537 -.0687813 .1319415
std_10 .0671344 .0631634 1.06 0.288 -.0566636 .1909325
std_11 .0761234 .0634359 1.20 0.230 -.0482086 .2004554
std_12 .050366 .048165 1.05 0.296 -.0440357 .1447677
std_13 .0472005 .0591717 0.80 0.425 -.0687739 .1631749
std_14 .0211822 .0702429 0.30 0.763 -.1164914 .1588559
std_15 .0499591 .0828277 0.60 0.546 -.1123802 .2122984
std_16 .0053325 .0534463 0.10 0.921 -.0994204 .1100853
_cons -.0427067 .0326127 -1.31  0.190 -.1066264 .021213
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Test for joint significance of the laggegen interest

. test(oia_l oia_2 oia_3 oia_4 oia_5 oia_6 oia_7 oia_8 o0ia_9 oia_10 oia_11l oia_12 oia_
> 13 oia_14 oia_15)

(1 oia_l=0
(2) oia2 =0
(3) oia3 =0
(4) oia_4 =0
(5 oia5=0
(6) oia_6 =0
(7)) oia_7 =0
(8 oia_8=0
(9 oia9=0
(10) o0ia_10 = 0
(11) oia_ 11 =0
(12) oia_12 =0
(13) o0ia_13 =0
(14) oia_14 =0
(15) oia_1l5 =0
chi2( 15) = 12.21
Prob > chi2 = 0.6632

OLS of laggepen interesandstandard deviatiomn open interest

regress oia oia_l oia_2 oia_3 oia_4 oia_5 oia_6 oia_7 oia_8 oia_9 oia_10 oia_1l oia_
> 12 oia_13 oia_14 oia_15 oia_16 std_1 std_2 std_3 std_4 std_5 std_6 std_7 std_8 std_9
> std_10 std_11 std_12 std_13 std_14 std_15 std_16, vce(bootstrap, reps(1000))
(running regress on estimation sample)

Bootstrap replications (1000)
! 1 | |

t t 2 t 3 — 4 — 5
50 -

100

950

1000
Linear regression Number of obs = 922
Replications = 1000
wald chi2(32) = 195907.70
Prob > chi2 = 0.0000
R-squared = 0.9965
Adj R-squared = 0.9964
RoOt MSE = 2.4le+04

Observed Bootstrap Normal-based
oia coef. std. Err. z P>|z| [95% conf. Intervall
oja_l .909369 .0391301 23.24 0.000 .8326755 .9860625
oia_2 .0058247 .0502101 0.12 0.908 -.0925852 .1042346
oia_3 -.0622794 .0580263 -1.07 0.283 -.1760088 .05145
oia_4 .2999718 .05538 5.42 0.000 .1914289 .4085146
oia_5 -.1883786 .0560898 -3.36 0.001 -.2983126  -.0784447
oia_6 -.0385355 .0543437 -0.71 0.478 -.1450472 .0679762
oia_7 .0178957 .0508631 0.35 0.725 -.0817942 .1175857
oia_8 .0411466 .0524014 0.79 0.432 -.0615583 .1438516
oia_9 .2482009 .0542844 4.57  0.000 .1418055 .3545963
oia_10 -.3385292 .054594 -6.20 0.000 -.4455314 -.231527
oia_11 -.0124041 .0563846 -0.22 0.826 -.1229159 .0981078
oia_12 -.0103775 .0544073 -0.19 0.849 -.1170139 .0962588
oia_13 .2570267 .0585174 4.39 0.000 .1423348 .3717186
oia_14 -.1782285 .0616442 -2.89 0.004 -.2990489 -.057408
oia_15 .0110072 .0582047 0.19 0.850 -.1030718 .1250863
oia_16 .0454458 .0445236 1.02 0.307 -.041819 .1327105
std_1 -5686.615 2444.635 -2.33 0.020 -10478.01  -895.2172
std_2 -628.8697 2196.281 -0.29 0.775 -4933.501 3675.762
std_3 -1998.655 1824.769 -1.10 0.273 -5575.137 1577.827
std_4 -3993.434 2056.764 -1.94 0.052 -8024.618 37.75044
std_5 218.861  2649.227 0.08 0.934 -4973.528 5411.25
std_6 1791.474 2143.908 0.84 0.403 -2410.509 5993.457
std_7 -1247.765 2038.616 -0.61 0.540 -5243.378 2747.849
std_8 712.3746 2016.416 0.35 0.724 -3239.728 4664.477
std_9 -957.9416 2089.861 -0.46 0.647 -5053.994 3138.111
std_10 2737.936 1916.194 1.43 0.153 -1017.734 6493.606
std_11 256.3713 2078.747 0.12 0.902 -3817.899 4330.642
std_12 -3099.929 2192.24 -1.41  0.157 -7396.641 1196.784
std_13 1861.137 2207.907 0.84 0.399 -2466.28 6188.554
std_14 -740.451  2336.858 -0.32 0.751 -5320.609 3839.707
std_15 1299.954 2516.912 0.52 0.606 -3633.102 6233.01
std_16 4099.617 1953.052 2.10 0.036 271.7064 7927.529
0

_cons 874.3735  1695.121 0.52 .606 -2448.003 4196.75
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Test for joint significance of the laggsthndard deviation

. test(std_1 std_2 std_3 std_4 std_5 std_6 std_7 std_8 std_9 std_10 std_11 std_12 std_
> 13 std_14 std_15)

(1) std1=0
(2) std2=0
(3) std3=0
(4) std4=0
(5 std5=0
(6) std6=0
(7) std.7=0
(8 std8=0
(9) std 9=0
(10) std_10 = 0
(11) std11 =0
(12) std12 =0
(13) std_13 =0
(14) std_ 14 =0
(15) std_15 =0
chi2( 15) 25.76

Prob > chi2 0.0406
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