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Abstract
The aim of this paper is to study the oil priceatity in West Texas Intermediate (WTI)

market in the US. By using statistical and econoimébols, we first attempt to identify the
long-term relationship between WTI spot prices #mel prices of futures contracts on the
New York Mercantile Exchange (NYMEX). Subsequently model the short-term dynamic
between these two prices and this analysis pomteueral breaks. On this basis, a short term
Markov Switching Vectorial Error Correction moddl$-VECM) with two distinct states
(standard state andcrisis state) has been estimated. Finally we introdueeviblumes of
transactions observed on the NYMEX for the WTI cacis and we estimate the influence of
the non-commercial players. We conclude that thpothesis of an influence of non-
commercial players on the probability for beingtire crisis state cannot be rejected. In
addition, we show that the rise in liquidity of tfiest financial contracts, as measured by the

volume of open interest, is a key element to unidadsthe dynamics in market prices.

Keywords: Oil Prices, Futures Markets, Markov Switching Reg models

Introduction

An extensive literature exists on the respectidess@f macroeconomic factors on the oill
prices trend. The impact of the short-term varratd stocks (Fattouh, 2009; Pierru 2010), the
monetary policies and by extension the changesxahange rates (Audigé & all, 2010;
Hamilton, 2009; Mignon, 2009) or interest rates rgileon, 2009), or the cyclical nature of
the petroleum industry (Smith, 2009; Fattouh, 20l€scaroux, 2010) are commonly put
forward to explain prices movements. The speculataxtor is "by definition” difficult to
measure. Some authors (Krugman, 2008; Smith, 2888ilton, 2009) reject the hypothesis

that speculation has a role to play in the markéeevertheless, the introduction of new rules



by the Commodity Futures Trading Commission (CFTa€)the end of 2000 and the
implementation of expansionary monetary policiderabeptember 11 have triggered a strong
growth in the transaction volumes and an increagba short-term volatility of the oil prices
(Chevalier, 2010; Medlock & Jaffe, 2009) in theafiitial markets, such as the New York
Mercantile Exchange (NYMEX).

In this context, we focus on interactions that re&igt between a physical crude oil price and
the level of activity in financial oil markets. Tliata studied are relative to the price of crude
oil on the North American market: the spot price WéT| (Cushing, Oklahoma), the futures
prices on the NYMEX, the transaction volumes andromterest in the same market. These
information are all in the public domain, and wdrawn from the U.S. Energy Information
Administration and from the weekly market businesggorts of the CFTC.

In the first section, we briefly define the majdranges introduced by the new regulations of
the CFTC in 2000 and the consequences in termapiséction volumes. In the second
section, we identify the interactions between thgsgal and the financial crude oil prices
and the impact of the short-run trader's behaviousing econometric analysis. The main

conclusions are summarised in the last section.

Figure 1: Spot price for WTI crude oil (USdollars per barrel)

160

140

120

100

80

60

10

20

mmmmmmmmmmmmmmmmmmmmmmmm
2 2 2 8 8 8 8 € 8 2 2 28 28 &8 2 8 28 8 8 8 8 2 s s
________________________

Source: Energy Information Administration, US Ddpant of Energy



1. A new deal in the financial markets after 2000

Following the introduction at the end of Decemb@d@ of the law modernising commodities
markets, the Commodity Futures Modernization AcEN2), two major changes have been
observed. On the one hand, by studying availaltke fdam January 1993 to January 2009, we
observed a marked rise in transaction volumes. Medsin batches of 1 000 barrels (a
standard financial contract for WTI on the NYMEXhgese transactions have risen, for two-
month term contracts, from around 52 000 in 199336 000 in 2008, i.e. multiplied by a
factor of two and a half, with a peak of 165 00@@9072. On the other hand, the share of non-
commercial3 players increased from around 20% be2001, to over 50% on average since
2006. In addition, their share in the volume oflglbtransactions reached almost 60% at the
beginning of the third quarter of 2008, a periodimy which crude prices reached record
levels. According to Medlock & Jaffe (2009), duritige 1990s we could observe ten active
contracts on NYMEX, representing in barrel equinédg(1 contract = 1 000 barrels) over 150
million barrels per day, or more than twice thebglbdemand for crude oil at that time. In
recent years, this figure has changed to almostirsewnith around 600 million barrels being
exchanged through financial contracts. During thexijpus two decades and especially in the
initial phase of construction of the commoditiesrkess, the main objective of the different

derivatives marketplaces was to attract and coratenthe liquidity required for commercial

! For more information, see the CFTC websithatai://www .cftc.gov/lawandregulation/index.htm

2 During the same period of time, consumption ofg@etim products only increased by 12% in the United
States, and by 20% world-wide.

% Thanks to the obligatory declarations that mustaee by the various traders on NYMEX in order perate
in the financial markets, it is possible to deterenihe volumes for each trader, and to make see&tipen”
positions (open interest) more comprehensible.l|\G&ptember 2009, the CFTC classified the variautigs
into three categories of traders (See the breakdgan 2009 produced by the CFTC at
http://www.cftc.gov/marketreports/commitmentsoftasicot_about.htmi#P16_33760-called "commercial” traders
(Commercial traders are those who are active ipételeum supply chain (producers, stockholdeds an
refiners), and who are in the market to achievérade between a physical position and a finarmie. Non-
commercial traders act in the market without anysptal counterpart for their deals), "non-commdtdiaders,
and "others", with this last category correspondimgmall volumes of transactions which it is imgibe to
attribute to one or other of the first two.




traders to achieve hedging activities. Nevertheldss rise in transaction voluméasbeen
accompanied by aconcentrationof traders’ liquidity on the shortest maturity t@cts
exchanged in the commodities markets. This fachsribeen observed and studied in the past

(Lautier, 2005), but it seems to be reinforced siB800.

Figure 2: Average volume of transactions of future prices for WTI by term
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For WTI futures prices, we observed between 1998 2008 a decrease in transaction
volumes as contract terms grew longer, and a Virbsence of liquidity for long-term
contracts (Figure 2). In fact, the inadequate miation available at any given moment t on
contracts whose maturity period is greater thanywa does not give traders the incentives
to trade in the market. In consequence, the liggildir distant contracts -a maturity greater
than 4 months — decreases sharply. We have splisauple into two sub-periods, the first
one from January 1993 to December 2003, and thendeitom January 2004 to February
2009. This segmentation does not help to highligatintroduction of the CFMA (December
2000) as a catalyst for new trader behaviour. Nbetsss, it enables us to focus both on the
actual increase and on the starting point of theelacation in transaction volumes in the

markets observed from January 2004. This breakdwagnalso demonstrated very different



decrease profiles of the transaction volumes betwe two chosen sub-periods. The profile
is thus distinctly more pronounced over the moemne period (Figure 4), which highlight
that the share of transaction volumes dealing stibrt-term contracts has risen strongly

since 2004.

Figure 3: Price of crude oil and financial versus physical ratio in the WTI market
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Figure 4: Average transaction volumes as a function of the termin the price of WTI (NYMEX)
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In this particular context, we attempt to identthe long-term relationship between West
Texas Intermediate (WTI) spot prices and the prigieshort-term futures contracts on the

NYMEX.

2. Methodology

The econometric analysis covers the relationshipidxen the spot price and the future price
of WTI. As transaction volumes have risen in pafac for the shortest terms, we have
focused on the relationship between the spot gsjgett) and the price for two-month forward
contracts (p2t)4.

The data cover the period from 4th April 1999 tah2@anuary 2009. The sample thus

contains 511 weekly observations.

* It's also possible to study the relationship betwte spot price and the one-month forward contftinet
shortest maturity), but the authors consideredvéry close proximity of quotation values betweeasth two
“terms” could potentially affect the econometrisués.



As an initial stage, we carried out unit root testseach of the series studied. However, the
period covered by the analysis was marked by cstimigaprice movements, which may show
up as possible breaks. This led us to implementdéleng procedure suggested by Perron
(1997), which grew out of the work of Perron andg¥lsang (1992a,b) as well as that of
Zivot and Andrews (1992). In these tests, the hypothesis is that the temporal series is
characterised by the presence of a unit root amdnstant, which may be null, with the
presence of a break. We distinguished between stantaneous effect (denoted by AO for
“Additive Outlier”) and an effect with a transitioaffecting the constant (c) or both the
constant and the slope (c,s) in the Dickey-Fubgression (respectively denoted by 10(c) and

I0(c,s) for “Innovational Outlier”).

Subsequently, we tested for the existence of a-lermg equilibrium (a cointegration
relationship) between the future price and the gpme. As with the tests for unit root, we
tested for the presence of a potential break duhegoeriod under study with a Gregory and
Hansen test (1996a,b). Furthermore, we testedhfanging variability of the error term (an

autoregressive conditional heteroscedasticity - AR€st) in the estimated relationship.

Estimating the short-term dynamic between the twoep is more difficult, and manifests
several changes that are shown up by the strudweak tests. Nevertheless, econometric
estimation over several sub-periods shows simitapigcal results for non-adjacent sub-

periods.

Thus we tried to build a short-term model allowifog two distinct states. To do so, we
estimated a Markov chain model allowing for changethe short run dynamic. We briefly

describe the Markov Switching Vector Error Correat(MSVEC) model below.



A Markov chain is a random process {Yt,t=0,1,2.which takes its values from a finite state-
space E. This sequence has the Markov propertgrdiog to which, when Yt is known, it is
possible to ignore the past when predicting ther&utThe change from one state to another is

governed by a transition function.

In our case, for every sequence of random varié¥te we suppose that this follows a
Markov process with two states E={E1,E2}, corresfiog to the two presumed states of
price movements. Around the long-term equilibriuwe therefore allow two short-term
dynamics with a probability of switching from onate to the other.
Consequently, the model can be expressed as:
»
AY, =u(z,)+ 2 A, (z)AY,_ +TI(z,)Y,, +u,
(1)
where

zt is the Markov state, which is a member of Es{E24,

t

In(spot,)
[ In(p,,)

K (zt)is the term vector, which is constant for esigte zt,

4;(z,) is the matrix of coefficients for the delayed terrAnYl-f for delays j=1,...p,

I(z,) is the matrix of coefficients for the cointegratimodel for each of the statés

and ut designates the residuals.

Constructing the model also supplies the probghiftswitching from one state to the other,

hence we can deduce the unconditional probabilityop being in state E2. Having



constructed the model (1), we then sought to emplae probability of being in each of the

states through the use of indicators linked tosaation volumes and to traders’ positions.

3. Empirical results
The two series spoand p2are first-order integrated, I(1) as is demonstrdgdhe unit root
tests (Augmented Dickey-Fuller, Phillips-Perrond akwiatkowski-Phillips-Schmidt-Shin)

shown in Table 1. Table 1: Unit root tests

Variables In(spot) Aln(spot) In(p2) Aln(p2)
JADF (c,t) -1.702 -25.455%** -1.354 -24.436***
number of lags 0 0 0 0
IADF (c) -1.790 -25.382*** -1.825 -24.361***
number of lags 3 0 0 0
IADF (none) 0.458 -25.384*** 0.511 -24.353***
number of lags 1 0 0 0

PP (c,t) -1.565 -25.388*** -1.413 -24.373***
number of lags 7 7 8

PP (c) -1.879 -25.295%** -1.820 -24.295***
number of lags 6 7 7 8

PP (none) 0.422 -25.292%** 0.524 -24.287***
number of lags 6 7 7 8
KPSS (c) 2.526*** 0.226 2.564*** 0.234
number of lags 17 6 17 7

Note: The superscripts “*" “**" “x*+" indjcate thedegree of significance associated with the 10%a5%1% quantiles.

However, the unit root test with structural breék® and 10(c) versions) reveals such breaks
for respectively May and July 2008 when prices heaeir maximum values. The 10(c,s) test
reveals different break dates for s@otd p2, respectively in March at the beginning of the
sharp rise, and in December as prices plummetbte (8. Nevertheless, the structural breaks
should be included in the interval [15%; 85%],,itbe sub-period [sept. 26 - 2000; July 31-

2007] to be interpreted, which does not match withdates highlighted by the tests.



Table 2: Tests for unit root with break (Perron)

\Variables In(spot) Aln(spot) In(p2) Aln(p2)
10(c) -3.491 -7.664*** -3.241 -8.011%**
Break date Dec. 07-2004 July 08-2008 Dec. 07-2004 July 08-2008
10(c,s) -3.172 -7.453*** -2.679 -7.970%**
Break date June 13-2000 March 25-2008 May 15-2001 Dec. 30-2008
IAO -3.526 -7.225*** -3.466 -7.623***
Break date Jan. 13-2009 May 13-2008 Jan. 13-2009 May 06-2008

Note: The superscripts “*" “**" “***" indicate thedegree of significance associated with the 10%a6%1% quantiles.

The cointegration test enables us to identify anléggium relationship between the spot

price and the forward price (Table 3).

Table 3: Test of cointegration between In(  spot) and In( p2y)

Ho : Intrinsic value Statistical Threshold value Statistical Threshold value Test
order=r Test Amax Test Amax 5% Test Trace Trace 5%
r=0 0.0368 19.068 11.225 19.415 12.321
r<1 0.0006 0.347 4.130 0.347 4.129
Thus the relationship may be written:
In(p2t)=1.000787 In(spott) (2)

(0.00158)

(): Standard deviation

Nevertheless, we performed a test of cointegratih a structural break on the long term
relationship between the prices including a corstaable 4). This led us to envisage a
possible break, for both the constant and the bkriat the same time, at the end of 2004
(Dec. 28-2004). The other break date found in Mo@glis above the highest 85% of
observations. Incidentally, we evaluated the cgirggon model using a regression method
(Engle and Granger), and carried out an ARCH te&t,$03) = 7.9347, prob(F)=0.00504).

This enables acceptance of the alternative hypstloédschange in the variance of the error



terms around the equilibrium relationship. Finallye decided to keep the equilibrium
between the spot price and the forward price okerwhole sample, considering that the

short-term dynamic should change over differentsetiods.

Table 4: Gregory and Hansen test

Model ADF Date k?
c -6.261** 25-11-2008 2
c,S -6.042*** 28-12-2004 2

Note: The superscripts “*" “**" “***" indicate thedegree of significance associated with the 10%a6%1% quantiles.
a: The number of lags is determined from the Ali@&don

The Markov Switching Vectorial Error Correction Meld1) has been estimated according to
the long term equilibrium (2). From the unit roest with structural break, we decide to
introduce a dummy variable (du04) to improve theapeeters estimation (du04t=0 until Dec
7-2004 and du0O4t=1 after).

Two different states are clearly identified throutle MS-VECM estimation as observed in

table 5.

Table 5: MS-VECM model of the dynamic between spot  prices and 2-month
forward prices

State 1 State 2
Coeff | Std Dev. [T-Student [Sign. Coeff Std Dev. [T-Student |Sign.

Prob(E2/E1) 0.030 0.011] 2.644*

Prob(E1/E2) 0.224] 0.078] 2.654]**
IA(In(p_spot(t)) = |[du04 -0.048 0.029 -1.630p

A(In(p_spot(t-1)) -0.107] 0.049 -2.177 0.241 0.224 1.074

A(In(p_2(t-1)) -0.607] 0.336 -1.803[*

eLr(t-1) -0.114 0.024] -4.825** -0.546 0.255] -2.134P*
A(n(p_2() =  |A(In(p_spot(t-1)) 0.103 0.061 1.692f 0.484 0.248 1.949}

A(In(p 2(t-1)) -0.217 0.042 -5.117f** -0.529 0.330 -1.600f
Residuals Var(Uspor) 0.002 0.000 12.323p** 0.010 0.003 3.290p**

\Var(u;, ») 0.002 0.000 12.273p** 0.007| 0.002 3.069**

CoV(Uspot,Up 2) 0.002 0.000 12.440p** 0.007| 0.002, 3.471**

Source: calculations by the authors



The first state can be observed over the greatérgbahe sample, while the second state
corresponds to specific events: September 11, 20@1start of the Irag conflict in 2003, the
winter peak observed in 2006, and movements obdedueing spring and early summer
2008. Considering the observations for which pyreater than 0.9, this state represents 6%

of the observations from the period under studyg @@% for p*>0.5).

The probability to move from state 1 to state D (0.03), whilst there is more important
probability (0.22) to come back from state 2 tdesth In the second state, the lagged residual
of the long term equilibrium has an important impac the short term dynamic of prices (-
0.588) and the variances of the residuals are safge both spot and future price variations
than they are in the first state. Thus , this sdcstate can therefore be regarded asiss

state.

On the contrary, the first stat&@ndard state) , which is more commonly observed over the
sample, is characterized by a moderate effect efléigged long term residuals (-0.139),
which indicates that the spot price and 2-montlwéod price will return steadily to their
long-term equilibrium. The estimated coefficiente éowest, in absolute value, in state E1

than in state E2 which denotes a smoothest evalatier this standard state.



Figure 5: Unconditional Probability of state 2 (Crisis state)
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Into our model we subsequently introduced data eornieg the transaction volumes observed
depending on the probability of being in one oreotbf the two short-term states. To this end,
we subdivided the observations according to whethemprobability p* was above or below
0.5 (Table 6). It would appear that average trammac/olumes for 1-month contracts rise
sharply in line with p* whereas average volumesoassed with other terms remain

approximately stable.

Table 6: Average transaction volumes associated wit ~ h short-term states

1 month 2 months 3 months 4 months
p*<0,5
(state 1) 116513 87491 28173 11687
p*>0,5
(state 2) 142334 92268 30057 11953
Whole sample
119020, 87955 28356 11713

Units: 1000 barrels



Table 7: Average amount of open interest associated

with short-term states

Commercial Non commercial Others
p*<0,5
(state 1) -14040 19721 -5680
p*>0,5
(state 2) -4324 8587 -4263
Whole sample
-13097 18640 -5543

Units: 1000 barrels
Consequently, we estimated the probability of baimdghe state Eaccording to a set of
variables related to the transactions on the fuimagkets by using a logit model. For this

purpose, the following explanatory variables werleced :

V1,
oI,

- the ratio of the transactions for the first fand contract V_{to the one month
lagged open interest QI(4 weeks before).

- the volume of transactions V; 1

The following adjustment was performed on the satmde from January 2007 to January

2009, a period marked by acceleration in the rfisgwae oil prices:

ProdE,} = -1.722+ 120338\(;?—]‘ -0.963x10"V_1,

(0.895) (2783) - (023<107?)

PseudoR = 0.555

n= 107



Vi

t

It thus appears that the variabfdl s has a signifiaggfluence on the switch to state.E
The abrupt increase in the ratio between the gkam-transaction volumes and the open

interest drives the switch in tloeisis state.

The change in the open interest relative to theemiesl demand for crude oil during this
period explains the change in the explanatory béeg and the state change. The ratio
between open interest and demand, as well as iteqdrcrude, both increase progressively —
this dual phenomenon is explained by the low stesrtr price elasticity of demand. When
demand falters, position-closing shows up as apshse in the relative ratios of volumes to

open interest and the switch to tiresis state.

Conclusion

Recent events in the crude oil markets, such astiag rise in prices between January and
July 2008, to almost $147 per barrel and the cedap few weeks later to under $35 per
barrel, have left many analysts and researcherzlguiby the underlying explanations for
determination of prices. The analysis carried duhe crude oil market through our work on
spot and forward prices for West Texas Intermed@®&1) leads us to the following
conclusions. The increased volatility of WTI pricgace the beginning of the 2000s, which
has recently been studied (Chevallier, 2010; FhitoR2010), is a significant clue in
understanding market prices volatility. Furthermahés development should be linked to that
observed in the major commodities markets (e.g. NEXY that is, a marked rise in
transaction volumes dealing with futures contraictqarticular on the shortest maturities (2
to 4 months), and more especially since 2004. Rtencointegration test, we could not reject
the hypothesis of a long term equilibrium betwepatsand future prices. Nevertheless, two

distinct states (so-called "standard" and "crisigltes) should be distinguished for the short



term dynamic. Subsequently, we cannot reject thpothesis that variations in the positions
of non-commercial players in the financial markfts crude oil may affect the probability
that the standard state will prevail. The behavmunon-commercial players may thus play a
destabilising role in petroleum markets. Additidpalour probit model shows clearly the
importance of changes in the amount of open inténdbe switch between states

The increase in the volume of transactions on firarirading floors should nevertheless be
kept in perspective. In fact, as we discussed énfitst section, the main objective of the
Commodities Exchange is to attract and to concentree liquidity for hedging and trading
purpose. The first contract for heavy fuel oil Ime tNYMEX was launched in 1978 and was
abandoned because of inadequate liquidity's volUfmethermore, the transactions volume
figures must be handled with care, for at least taasons. The strategy of non-commercial
players is partly based on managing price diffeadéshbver a certain period of time (calendar
spread), between different commodities or by-préesifimtra or inter market spread), these
activities create a high degree of fluidity for $kecontracts. It enables the commercial player
to be able to achieve a physical arbitrage on @me enables also many non-commercial
players to close their positions before the exjiradf the contract. On Commaodity Exchange
we observe a feedback effect between the degréguwdity, the probability of closing a
position with a very low transaction cost (The Exiepe often requires an added-margin if the
position is open near the expiration date) andvtiieme of transactions. Keeping the market
liquid needs the non-commercial players to "fedd" market.

Because the oil future market has been characteilizea growing spread between the
number of transactions and the oil demand in volten® when it raises up, the uncertainties
on the oil demand leads to an increasing pricetlMibfaassociated to an inflating number of

transactions. During such instable period, the remuddf future contracts sold during the



previous periods appears too high related to thé e@eonomic activity that contributes to
increase the price volatility.

In this context, it would seem particularly appriape to assess whether there might exist, at
least theoretically, an optimal level of liquidity the financial markets, with a view to
regulating this. This liquidity index could depead the number of participants, the volume
of transactions, the degree of concentration déisahd buyer, the historical volatility and the
observed price of the underlying commodity durindegermined period of time.

We could also focus on margins requirement isslredeed the initial margin and the
maintenance margin (which represents around 75 %eofnitial margin in average) are in
practice based on historical or implied volatily the contracts (based on the underlying
commodity). Their level are set by the Exchange amdsubject to change depending on the
market conditions but not on a daily basis (ordrday basis) The implementation of a daily
basis change on Margin Requirement could senda ohessage to the players in term of
market limitation and also a valuable informatidoat market risk.
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