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Abstract

The study uses Vector Error Correction Modelling to identity the influence of speculation' on the
prices of oil and gold. The motivation for the analysis was a report by Antoshin and Samiei for the
IMF World Economic Outlook September 2006 edition on speculative influences on commodity
prices. The dissertation presents a critique of this study and offers an alternative specification of the
equilibrium equations which are central to the VECM approach. In place of the time trend included
in the equilibrium model specified by Antoshin and Samiei, the model specified in the dissertation
relies on the arbitrage relationship between spot and futures prices as the equilibrium relationship in
the markets for oil and gold. This enabled the study to conclude that the important assertion made
by Antoshin and Samiei that, in the market for oil, causality has been from higher prices to

increased speculative activity, and not vice versa, cannot be substantiated.

In both markets investigated, the application of the revised equilibrium model finds that speculation
has a pervasive and relatively stable effect on prices. In the oil market, speculation only has an
effect in the short run, while the long run equilibrium price of oil is independent of the effects of
speculation - long run causation in either direction is precluded by the stationarity of speculation.
In the market for gold, speculation influences prices in both the short run and long run. The
coefficient on speculation in the cointegrating equation is highly significant and, contrary to
expectations, negative. This analysis does not investigate the possible reasons for this, but suggest
that it would be a useful avenue for future research. The speed of adjustment coefficient on
speculation was not statistically significant, indicating that although speculation forms part of the
long run equilibrium it is not the way in which equilibrium is achieved. This study finds that, in
both the short and long run, speculation in the gold market does not respond to prices. Inventory
levels for oil impact equilibrium prices which introduce questions about the appropriateness of the
arbitrage relationship as an explanation for price movements in the oil market. This affect is absent

in the gold market.

The results indicate that oil and gold prices do not always reflect only demand and supply
fundamentals, but also a demand for speculative holdings predicated on the expected change in the

value of the commodities.

1 Speculation is defined as per the study by Antoshin and Samiei (2006) in the World Economic Outlook as the

number of net long non-commercial contracts as recorded by the Commodity Futures Trading Commission
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1. Introduction

Commodities are important for the South African economy. Approximately 20% of the value of
exports are precious metals (own calculations based on National Accounts data). Close to 40% of
the market capitalisation of the JSE is resource based, and growth in South African output is highly
correlated with global commodity index returns (own calculations based on National Accounts and
JSE data). The importance of commodities to the SA economy gives urgent need to understand and

evaluate the drivers of commodity prices.

The global economy in the last five years has been expanding at a rapid rate. The increase in global
output has seen unusual growth in demand for the resources used as inputs in the production
process. This growth in real demand for commodities with no commensurate increase in supply,

has led to exceptional increases in the price of commodities.

The International Monetary Fund (IMF) in the World Economic Outlook (WEQ) September 2006
edition dedicated a chapter to the boom in non-fuel commodity prices and whether it can be
sustained. They conclude that since demand for metals is a consequence of faster global growth
and rapid industrial production growth, “the speed and costs of supply additions will determine

whether metals prices retreat from the current high levels in the medium term.”(Sommer, 2006, p.9)

Borensztein and Reinhart (1994) comment that traditionally commodity price models included two
demand variables: the state of the business cycle in industrial countries and the real exchange rate of
the US dollar. The authors find that a broader definition of aggregate demand - one that includes
output developments in Eastern Europe and former Soviet Union countries - and commodity
supplies are further important determinants of commodity prices. This view point is supported by
evidence presented in the 2006 WEO regarding demand for commodities from China. The WEO
points out that “China has become a key driver of price dynamics in the metals markets. During
2002-05, China contributed almost all of the increase in the world consumption of nickel and tin.

In the cases of lead and zinc, China’s contribution even exceeded net world consumption growth.
For the two most widely traded base metals (aluminium and copper) and for steel, the contribution

of China to world consumption growth was about 50 percent.” (Sommer, 2006, p.5)

Antoshin and Samiei (2006) estimated the effect of speculation on commodity spot and futures

prices. They argue that the anecdotal evidence that speculation has driven prices above levels



suggested by fundamentals has focused on “correlations rather than tests of causality, and has
tended to be anecdotal or circumstantial.” (Antoshin and Samiei, 2006, p.16) The authors attempt
to asses the empirical validity of the direction of causality between movements in prices and
changes in speculation. They employ a rolling Vector Error Correction Model (VECM) to capture
the recent run up in commodity prices and the changes in the relationships over time. They find
that the increased speculative activity in the commodity markets they investigate is the result of
higher prices. That is causality has been from higher prices to increased speculative activity.
“Subject to data limitations...the results for the five commaodities in the sample provide little support
for the hypothesis that speculative activity ...affects either price levels over the long run or price
swings in the short run. In contrast there is evidence (both across commodities and over time) that

speculative positions follow price movements.” (Antoshin and Samiei, 2006, p.18)

The purpose of this dissertation is to examine closely the Antoshin and Samiei (2006) study and in
particular the specification of the model used and the methodology applied. The results of this
study? suggest that the authors misspecified the long run equation and consequently the results of
their study may be questioned. An alternative specification is suggested and evaluated. The aim of
the study is to establish how an alternative specification of the long run equilibrium model of
commodity prices, one that is regarded as more appropriate, might alter the conclusions reached by

the authors.

The dissertation has the following structure. In section 2 the reader is introduced to the concepts of
short selling and futures contracts as this is the way in which the hypothesis regarding speculation
and its effects on prices are evaluated The section outlines the theoretical relationship between
futures prices and spot prices. Section 3 derives the spot-future parity relationship. Section 4
introduces Vector Error Correction Modelling to familiarise the reader with concepts important for
understanding the methodology and the results. In section 5 Antoshin and Samiei's methodology
and results for oil are presented. Section 6 estimates the same relationship using an alternative
specification and the results are then compared and contrasted with those of Antoshin and Samiei
(2006). The effect of speculation on the equilibrium price of gold is also estimated. The study
concludes that speculation does influence the prices of the commodities investigated. The

conclusions are summarised in section 7.

2 The analysis is conducted within the framework specified by Antoshin and Samiei (2006). No alternative theoretical

framework is developed to explain the relationship between speculation and prices.



2. The theories of futures and spot price relationships

The spot price is the price of an asset for immediate delivery. A futures contract calls for delivery of
a commodity at a specified maturity date at an agreed upon price - the futures price. A trader taking
a long position agrees to purchase the commodity, while the trader taking the short position agrees
to sell the commodity at contract maturity. Assuming no transaction or holding costs, the profit
from the long position is equal to the losses from the short position (and vice versa) and equals the

spot price at maturity less the original futures price (Hull, 2006).

Profits and losses accrue to traders in a process known as marking to market. At the initial
execution, each trader is required to deposit cash or near-cash securities in a margin account.
“Margin” varies between 5% and 15% of the total value of the contract and more volatile
commodities have higher margin requirements. The deposit of near-cash securities means that there
is little opportunity cost to the traders in posting margin. Both the buyer and the seller are exposed
to losses and so both are required to post margin. The clearinghouse requires that losses and gains
be recognized daily. This ensures that as the price changes, proceeds accrue to the trader's margin
account immediately (NYMEX). It is possible that the leverage inherent in marking to market has
the unintended consequence that traders might have to liquidate arbitraged portfolios before the

mispricing corrects.

2.1. Modern portfolio theory

Bodie, Kane and Marcus (2002) explain how modern portfolio theory “fine-tunes” the notion of risk
premiums and the determination of asset prices through the insight that any asset that has positive
systematic risk must trade at a discount to its expected value. Instead of the traditional hypotheses
(outlined below) where speculators enter into the futures market if they are sufficiently
compensated by expected profits, all asset prices are determined by the aggregation of risk
preferences and return expectations. The value of the asset today is it's expected future value
discounted by an appropriate risk adjusted rate. Formally SOZ(If—SjZ where S, is the spot price,

E is the expectations operated, S, is the spot price expected to prevail at time 7 and £ is the

appropriate risk adjusted return. It is also known from the spot futures parity theorem, with no
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is the current futures price on a contract that matures at time 7, and 7, is the risk free rate.

transaction costs, that S, =

The insights of modern portfolio theory do not take into account the effect of temporary supply
shortages or gluts. We turn to the theories of normal backwardation and contango for insights on

the reaction of the market to temporary supply shocks.

2.2. Normal backwardation

The theory of backwardation is associated with John Maynard Keynes (1930) and John Hicks
(1939). They argued that for most commodities there are natural hedgers who would like to reduce
risk. Producers of a commodity would prefer to take the short position and sell their goods at a
guaranteed price in the future. In order to entice speculators to take the long position, producers
need to offer speculators an expected profit. The desire of the producer to reduce the risks of
production coupled with the desire for expected profit by the speculator results in the futures price
of the commodity trading below the expected spot price. The expected profit to the speculator
equals E(S;)—F,. The expected profit of the speculator is the expected loss of the producer, but
the producer is willing to bear the expected loss on the contract in order to reduce the risks involved

in production.

Normal backwardation thus suggests that the futures price will be bid down to a level below the

expected spot price (k >0) and will rise over the life of the contract until at maturity S,=F,..

When a temporary supply glut occurs, the producer of the commodity will accept a lower price and

the market will be in normal backwardation.

2.3. Contango

The opposite of normal backwardation is contango. Keynes (1930) and Hicks (1939) explained

contango by the fact that hedgers are the purchasers (as opposed to producers) of the commodity.



Where a commodity is an important input, purchasers of the commodity would like to reduce risk
and lock in the price that must be paid for the commodity. Processors, or purchasers, of
commodities are natural long hedgers of the commodities. As such, it is expected that they will pay
a premium to reduce risk and speculators will enter the opposite side of the contract for the

expected profit.

Contango thus suggests that the futures price will be bid up to a level above the expected spot price

(k <0) and will fall over the life of the contract until at maturity S, =F.

When temporary supply shortages occur, the market will be in contango as consumers of

commodities will be willing to pay a premium.

3. The Spot-futures parity relationship

Bodie, Kane and Marcus (2002) offer the following explanation for the relationship between spot
and futures prices: An investor who buys a commodity in the spot market and enters the short side
of a futures contract locks in the difference between the spot and futures price. The return on this
portfolio, of holding the commodity and agreeing to sell at some future time at an agreed upon
price, is without risk and so the appropriate return is the risk free rate. Where storage costs are
incurred, the return of the portfolio after storage costs must equal the risk free rate. In order to
create a hedged portfolio the underlying commodity needs to be borrowed at a cost to the borrower.

This borrowing rate is known as the lease rate (London Bullion Market Association).

_Fy=85,—¢S,
B S,

r

ey
Where 7 is the risk free rate, /' is the futures price, S, is the spot price, and ¢ is the lease rate.
Eq. (1) can be rewritten as

Sy(l+r+e)=F,

In((Sy)(1+r+c))=In(F,)

In(S,)=In(F))==In((1+r+c))
So=f o=k 2



Where f, is the natural logarithm of the futures price, S, is the natural logarithm of the spot price,
k is the continuously compounded return required ( e *=14r+¢ ). Note that & includes the risk

free rate and the lease rate.

The long run equilibrium relationship between spot and futures prices is given by Eq. (2). In
equilibrium, the difference between the logged futures price and the logged spot price should equal

the continuously compounded risk free return plus the cost of creating the portfolio.

The mechanism by which these two market reach equilibrium is arbitrage. When the risk free
portfolio does not offer the risk free rate, traders will enter the market and sell the relatively
expensive asset in order to buy the cheap asset. When the difference between the futures and spot
price exceeds the risk free rate (adjusted for costs), one expects to see an adjustment in prices as the
expensive futures contract is sold and the asset is purchased at the lower spot price. Any

disequilibrium will be bid away by arbitraguers.

The application of the spot-futures parity relationship is limited to commodities where there is
unlimited supply of the commodity. In instances where a supply shortage occurs, the spot price will
rise to reflect the demand and supply conditions. If however the supply shortage is expected to be
temporary the futures price of the commodity need not necessarily adjust in line with the parity
relationship. This is because it is not possible to bring future supply to the market. In these
instances the supply shortage and the impossibility of arbitraging supply across time, could lead to
the breakdown of the spot futures parity relationship. In commodities or assets where no such
supply constraints exist, the spot futures parity relationship is expected to hold as arbitraguers will

bid away any out-of-equilibrium profits.

4. Vector error correction modelling (VECM)

Cointegration was introduced by Granger (1981). Nonstationary series are said to be cointegrated if
a linear combination of these series are stationary (Fedderke, 2003). The inability of single
equation techniques to identify the number of cointegrating relationships and the imposition of a
priori structure on the data has seen the increasing use of multiple equation techniques to estimate
equilibrium relationships between macroeconomic time series variables. Multiple equation

techniques offer many advantages. These include identifying the number of cointegrating



relationships, the long run equilibrium coefficients , out-of-equilibrium adjustments and short run

dynamics.

4.1. Johansen approach®

The general n dimensional VAR specification is given by Z,=4,Z,_+..+4,Z,_, +6+€,. Where

m is the lag length, 6 deterministic trends and €, a Gaussian error term.

Reparametrization provides the general VECM specification:

I
AZ=)TAZ +IIZ,_, +e,. (3)

=
1—j+1 !
=1

The hypothesis that #/(r): II=«f ' amounts to a test for the existence of r cointegrating
relationships. IT isa nXn and o, are nXk matrices of full rank. Therefore H(r) is the
hypothesis of reduced rank of II . Issues of identification arise where »>1. See Wickens (1996),
Johansen and Juselius (1990, 1992) and Pesaran and Shin (1995a, 1995b) and Pesaran, Shin and

Smith (1996). Restrictions on the loading matrix ( « ), the cointegrating space ( 8 ) and the matrix

( I') (representing the short run dynamics) can resolve the issue of identification.

VECM estimation allows one to identify the long run equilibrium equation and the short run out of
equilibrium dynamics. (See Eq. 4 below for the specification of the VECM in this analysis). The

B vector identifies the long run equilibrium relationships, while the « matrix contains the speed-
of-adjustment coefficients. These coefficients provide the speed with which each variable's

deviation from the long run equilibrium is eliminated and the variable adjusts back towards the

1—=1
equilibrium when out of equilibrium. The inclusion of the Z I'Ay,_, terms allows the researcher

=1

to investigate the short run dynamics of the system.

=1

A)/',:(XB’)/’_leZ]FA y,_ te 4)

3 This discussion closely follows the notes of Fedderke J., Times Series Econometrics, 2003
4 VECM, in contrast to single ECM, also allows one to test for the number of cointegrating relationships present in

the data
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In order to calculate the number of cointegrating vectors, the standard Johansen approach requires
that only nonstationary I(1) variables be included in the VAR. Stationary I(0) processes may be
included. but each stationary variable will provide a cointegrating vector. When estimating the
system one needs to control for each I(0) variable included. Stationarity can be identified with

Augmented Dickey Fuller unit root tests (Dickey and Fuller, 1979).

The first step in estimating a system of equations is to test for the order of integration of the
variables to be included in the system. Once the order of integration has been established the lag
length (L) needs to be determined. The appropriate number of lags is selected to ensure that the

VECM has Gaussian errors. An unrestricted VECM is then estimated.

VECM estimation requires the determination of whether the system needs to be conditioned on any
stationary variables, including indicator variables. Before proceeding with estimation, the number
of cointegrating relationships needs to be specified. The maximum eigenvalue and trace statistics

test for the reduced rank of the system.

Following estimation of the unrestricted VECM, one can test for exogeneity and linear hypotheses
on the cointegrating relationships. The cointegrating vectors identified in the data as this stage are
statistical artefacts. These relationships are not necessarily economically meaningful. Restrictions,
motivated by economic theory need to be imposed on the cointegrating space. Once the restrictions
have been imposed the researcher can test whether the cointegrating vectors are identified. A zero

row in the loading matrix ( « ) indicates that that variable is weakly exogenous.

The explicit dynamics and the analysis thereof is one of the key advantages of VECM. Generalised
impulse response functions are derived from the VAR structures. The dynamics of a shock to the
system and the evolution of the variables post the shock to a new equilibrium can be evaluated

graphically.

5. Antoshin and Samiei's methodology and results

To asses the empirical validity of the claims that speculation has driven commodity valuations,
Antoshin and Samiei (2006) provide an econometric assessment of the direction of causality
between movements in spot and futures prices and speculative positions in commodities. They

investigated the effect of speculation on prices for the following commodities: light sweet crude oil,

11



copper, sugar, coffee and cotton.

In the analysis of whether speculation has contributed to higher prices the number of net long non-
commercial positions serves as a proxy for speculation and is available on a weekly basis only.
Consequently it is not possible to capture the impact of intra week activity (Antoshin and Samieli,
2006). The Commodity Futures Trading Commission (CFTC) assembles “on a weekly basis the
number of contracts for two categories of traders: commercial and non-commercial. Commercial
traders are defined as those who use futures contracts for the purpose of hedging (e.g., oil
producers, merchants, and major consumers, such as airlines).” (Antoshin and Samiei, 2006, p16)

All other participants are classified as non-commercial.

Non-commercial traders are engaged in speculative activity, however some commercial traders may
also be speculating. For instance, commodity index traders (classified as commercial traders) may
take positions that are driven by speculative motives rather than hedging. The CFTC classification
cannot distinguish amongst trader types within the commercial category. This has implications for

the proxy for speculation, but cannot be controlled for.

Each contract comprises a fixed volume of the underlying commodity so using the number of
contracts is equivalent to using volumes. The number of non-commercial positions tracks the
volume of contracts that are entered into for the purpose of betting on price changes in the
underlying commodities. Net long positions (the number of long contracts less the number of short
contracts) indicate whether speculators expect prices to rise or fall. When prices are expected to

. ds . . .
rise ( E(E)>0 ), the number of net long non-commercial positions will exceed zero. Conversely,

when prices are expected to fall ( E(%) <0), the number of net long non-commercial positions

will be less than zero.

As the CFTC does not report the number of contracts by time to maturity it is impossible to match
speculation with time to maturity of the futures contract. Antoshin and Samiei (2006) state that the
one year market is the most actively traded and so they expect speculation to be most active in this

market. The analysis, therefore, makes use of the one year futures price.

Antoshin and Samiei (2006) employ a Vector Error Correction Modelling (VECM) to test for

12



causality. A VECM allows the examination of both long-run and short-run causality through the
significance of the coefficients. Short run causality is determined by the significance of the
coefficients on the first difference terms, while long run causality is determined by the significance
of the coefficients on the error correction term ( & ) when a long run equilibrium relationship in

levels exists (Antoshin and Samiei, 2006).

The authors estimate the following VECM:

L—1

Ay,:(x(ﬁ'y,_ptu+pt)+z TF'Ay_+y+te (5

=1

A\

Where Y:=| f,

nl

s, is the natural logarithm of the spot price, ./, is the natural logarithm of the futures price, and

n, s the level of net long non-commercial positions.

In estimation, Antoshin and Samiei (2006) specify the cointegration rank as 1, the number of VAR

lags L is 3, « isa 3x] vector of adjustment coefficients, B isa 3x! cointegrating vector and

(r,)

)—, are 3x3 matrices of VAR coefficients and / is the time trend.

The model is estimated using rolling regression with window lengths of 234 weeks (4.5 years) as a
reasonable duration for a business cycle and to cover the recent run in commodity prices (Antoshin

and Samiei, 2006). We reproduce the estimation results for oil below.

13



Figure |- Antoshin and Samier (20006) coefficient estimetes
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8

The authors find that the adjusiment coefficient in the speculalive positions equation is significantly
different from zevo [or most of the period. while the upposite is true for the two price equations.
They conclude that the interpretation of this is that “when a long-run relationship holds, causality is

from spol and futures prices to speeulation.” (Antoshin and Samici, 2006, p.27)

From the rolling estimates of the madel's short-run parameters, only the coefficients in the
speculattve positions equation. lor both price variables. are statisticaily different from zero for any
length of time. The coefficients on speculative positions m both the spot and futures price cguation,
for the first two lags, were mostly not statistically different from zero. That is, speculative positions
respond to changes in the price variables, while the price variables do not respond o changes in the
level of speculation. Antoshin undfamiei (2006) conclude that speculation has not been an

mnfluence on commaodity prices, but that higher prices has influenced speculative activity,
[

Figwre 20 Antoshin and Samici estimates of short run parameters
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varjable is included as demanded by the spot-futures parity refatonship, Sceondly. where supply
constraints exist that may have porverse ettects on the parity relationship, as may be expected inthe
market for fight sweet crude oil. the study tries to caprure this effect through the inclusion of an
inventory variable. And finally. only variables that are nonstationary are included in the [ong run
relationship. The aim is o dewermine whether a more appropriate specitficaton, one that allows for

the thearctical equilibrium. alters the conclusions reached by Antoshin and Samier (2006,

6.7. Description of data

Wo mvestigate the ellect ol speculation lor light sweet crude o1l and gold. We analvse haht sweet
crude o1l to enable a comparison of results rom the Antoshin and Samici (2006) cstimation with
ours. The inclusion of eotd in the analysis s due to the importance of the commaodity 1o the South
Alrican economy and the lack of supply shartages that could have perverse effucts on the long run
equilibrium equation. Platinum was excluded from the analvsis because of the lack of activity in

the one-year [utures market.

6.2. Light sweef crude oil

§.2.1. Data characteristics

[
The clTeer that shortages have on euilibrium prices is captured by the inclusion of an inventory
variable in the long fun cquation. Temporary shortages of inventories will mean that the market
will be in contango, while termporary gluts will mean that the market will be in backwardation. We
proxy invinlory elfects by the number of days” supply still available in the US market. Supply
constraints inpact the equilibrium price and introduce questions about the appropriatencss of the
arbitrage relationship as an explanation [or price movements, Temporary supply shortages might

lead to a breakdown in the arbitrage relationship as discussed in section 2.

o lease rate ar storage costs for licht sweet erude oil is available on a weekly basis and so the

required return variable for il ts given by the risk free twelve month rate.

Shown below is the natural log of spot and futures prices. the continuously compounded one year

L7




interest rate (the requiced return), the number ol net long nen-commereial contracts in millions ol

contracts wwd the number of days' supply left in the US.

Data is collected from the first Tuesday of January 1995 to the last Tuesday of August 2007, Unit

oot tests are perfonmed o delermine whether variables are stationary or nonstationary.

Figure 3: Variables influencing the cquilibrium price of Light Sweet Crude Oil
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Below we show the results o the unit root wests,

Augmented Dickey Fuller Unit Root Test — Light sweet crude oil

Levels (v) First difference ( A v)
Variahle 1 T, T T 12T S
Lug ol sput ( 4,) |.245 -0.309 -2.228 ST043%F LT 66 T 220
Log of futures price ( F,) 1.842 0277 -1 80A G ARTEE [ ASIFE g TTHR
Speculation ( 7, ) -4.384**%  _5.466%*F -5.6331** nfa nia nia
Reguired return (&) -0.642 -1.451 1.386 SHLORTHE S10,079%*%  -[{L | 18%*
Iventories § ¢, ) -0.520 ~2.911" -2.739 Sl0204%F [ 02001%*F -10.247%*

%) denotes rejeetion ol the hypothesis at the 5%(1%) leve]

The log of spot and the log of the futures price, the mlerest rute and Lhe inventory variables are all
I(1}. The number of net long non-commuereial positions is [{0) and so we must conclude that

speculation cannot cause. and cannot be caused by, spot and futures prices”

6.2.2. Estimation

The nonstationary prices. required relurn and inventories variables are included i the long run
cguation. The effeet ol speculation is ineluded i the shorl ron component of the VECM anly as

speculation is stationary,

The follewing VECM tor il is cst'tilmtcd.
e

.f_‘i.y..={x[£’y,__,—é—p}+z T;f_".y,-tfy+z HA+E (6}
1= ]

5. is the natural logarithm o1 the spot price, £, is the natural logarithm of the futures price, r, ix
the continuously compounded risk tiee interest rate, €, is the number of days’ supply left in the 1S,

¢ captures the cost incurred in setting up the arbitrage portlolio, and #, is the number of millions

3 The umivariate characteristics of the spoculations vaciable in the vil niarkel precludes the inglusion of this variable in

the fong ronequelibrivm equation for oil in this siudy the elleet of speculation is only included in the short ran.
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of net long non-commercial contracts.

FFromt the simple VAR estimation. we include the number of Lags as indicated by the Akaike

Information Criterion { £, =3} W test for cointegration with an intercept term but no lincar

trend”. The intercept term captures the cost ol ereatiny the arbitrage portfolio.

Lnrestricted Cointearation Rank Test (Trace Statistic)

Hypothesized Trace 5 Percent 1 Percent
No. of CE(s) Figenvalue Statistic Critical Vialue Critieal Valu
Mane (0.044174 S0.67904% 47.21 54,40

At most | 0.021564 21.17783 29.68 5.6

AT most 2 (LOOGOED 6.942791 15.41 2ih 0

At mwst 3 0.004515 21954762 3.76 6.63

#(%%) denntes rejection of the hyvpothesis at the 3%(1%) level
Trace test indicates | cointegrating equation(s at the 5% level

Unrestricted Comntecration Rank Test (Maximum Licenvalug)

[Ivpothesized Muax-Ligen 5 Percent 1 Percent
No. of CE(s) Eienvalue Statistic Critical Value Critical Value
None {0.034174 295028 1% 0! 3224

Al most ] 0.021504 [4.23504 20.97 AN

At most 2 {1.006084 3988028 14.07 18.63

AL must 3 0.004515 2954762 3.76 .65

() denotes rejection ol the hypothesis at the 3% 1 %) level
Max-eigenvalue test indicates 1 cointeprating equatiomis) ar the 5% level

Hoth the maximum eigenvalue and trace statisuie do not rgject the hvpothesiz, at the 5% level of

significance, that at least one cointegrating retationship ducs exist,

6.2.3. Expectations of long run equilibrium coefficients

The long run relationship between the spot price, the [utures price and the required return is given
by 8=/ =% (Cq. 2). The coctlicients on the spot and futures prices are expected to be equal amd
apposite in sign. while the required return is expecled to be egual to the coefficient on the spot
price. Mormalising the covllicient < the spol price to 1, we expect a coefticient of -1 and | on the
futures price and the required return, respectively. [nventory is an alternative source of supply, as
such the coefficient is expected 1o refleet that higher inventory levels 1s associated with lower spot

prices.

0 The cquilibrium equatico as derived in mection 3 (Eg. 23 does oot include a trend,
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. _| .1,
Civen that V™= .rl . we expect f=

ldeallv the required return in the lomg run equation {or oil would include the unit cost of siorage and
a lease rate, Weekly storage costs and lease rales, however, are not readily available. This lack of
dala results i the required return specified in the long run maodel for o1l being equal to the risk free
rate, It is not implausible that the unit cost of storage would be relatively constant, say ata cost of
¢. Ihe theoretically correct discount rate ¢ 1+ r | ¢ ) is less than the modelled reguired retum

( [=riforall { ¢=0 ) and so the coeflicient on the reguired retum which excludes storage costs

will be blased downward.

The one-year hutures price is construgted by stitching together a number of consceutive Tutures
contracts that are appraximately one yvear from maturity, The New York Mercantile LExchange
(NYMEX} lists twelve cantracts for oil. every month a contraet expires. so that the length of time
between the spot price and matunty of the one year futures contract can vary between eleven and
twelve manths, The time mismatch between the futures contract, the spot price and the reguired
return {which ts alwavs a twelve month rate) intreduces systematic structure in the residuals when
estimating the long run equation. Furthermore, the nusmateh between the time to maturity of the
futures contract and the interest rate variable has consequences for the coelticiont values of the long
run cquation. The coeflicients an tllp futures price are expected to be biased downward, below

unity. while the cocthicient on the requived return variable will again he biased downward,

6.2.4. Long run estimation results

From Lhe results of the unrestricted VECM, as can be scen below, all the variables are as expected
and highly signilicant with the excoption of the risk free rate, The estimates are tor the VECM

gstimated over the full sample,




Vector Lrrat Cotrection Fstimates — Lony run equilibriom [or light sweet crude ail

Spot price Futures price  Required Inventary
&, b relurn X, i,
Long run equilibrium ( £ ) 1000 -1 918%* VTS 2.249%%
i (0.004) (1.4635) (11.324%)
Speed of adjusiment coefficients { 0y -0.022 -0.g07 3820-04 -0.025%*
(0.012) (0.007) (2.60F-04)  (D.005)

*{**%) denotes rejection of the hyp dhesis al the 5%(1%) level
Standard errors are reparted in parenthesis

The coeflicient on the spot price has been normalised 1o unity, and as expected the coefficient on
the futures prices is close to unity alhough biased lower by the maturity mismateh discussed earlier
The inventory variable's coefficient is negative as expected - the more inventories are available in
the market. the lawer the spat price of ail. The coefficient an the risk free rate 15 completely
contrary to the expected value. The expected value of the coetlictent ts posirve one. However L
was expected o be biased downwards as a result of the exclusion ol storage costs front the long run

equation and the maturity nismatch.

Figure 4-5, below, shows the evolution of the long ran cocflicients and the 40% confidence levels.
Fallowing the Antoshin and Samiei (2006} methadalogy. a ralling VEOM i3 estimated. In each
regression the number of lags in the VAR is selected aecording o the Akatke Inlormation Criterion
and one cointegrating veclor 15 specified. A window length of 7 years 15 used to smooth aul the

volatility observed in the estimates 0 Antoshin and Samiet {2006},

Asg a result of the unexpected coefficient ou the risk free rate, coupled with the knowledge of the
bias introduced through the lack of weekly unit stovage costs. the coefficient on the futures price is
restricted 1o the theorelically expected value of negative one. Tt is hoped that the coefticient on the

tisl [ree rate will be closer w itz expected value as a result of this restrietion,
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Figure 4: Coefficient on the visk free rate i1 the equilibrivm equation
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Figioe 3° Cocfficient on the inventory variable in the equilibvi CHUaiion
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The charts are indicative of a stable long run relationship between the variables . The coefficient on
the risk ITee rale remains negative, but is not statistically significant in any of the estimation
periods, The coellicient on the inventories variable is stable and significant throughout. | lowever,
by restricting the coelficient an the future price 1o negative one, the inventory coefficient has

become much smaller than the value estimated over the full sample.

The stability of the coefficients in the long run equation is noticeahly different from the volatile

coefficients estimated by Antoshin . Samici, see Figure 1,

Figures 6-9 below show the evelution ot the speed of adjustment cocilicicnts.




Figuve 60 Speed of adiustment coefficicnt on spot prices
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Figure 70 Spred of adiusiment coefficient on fliures prices
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Figure 9: Speed of adinstment coefficient on inventories
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The coctficients on spot and futures price in Lhe long run equation 1s restricted te be one and
negative one. respectively. The stability of the cocilicients are noticeable and difter vastly in this
stabibity Irom the adjustment coefficicnts cstimated by Antoshin and Samiei {20063, Only the
mventorics variable 1s statisticalby significant threughout the estimation peried. The eoeflicients on
spul prices, futures prices and the required return are not statistically different Irom zcro [ur most of
the estimation peried, Spot and futures prices and required returns are exogenous, Inventory levels

adjust ta bring the system back to equitihrium.

6.2.5. Short run effects of sp'lhculation on the spot and futures price of oil

Antoshin and Samier (2006} includad net long nun-commercial positions in the leng run cquation,
despite the unit root tests indicating that the serics is stationary, When one includes speculation in
the short run cquations instead, one cannot reject that speculation has an influcnce an the price of
crude il The short run dynamics show that bath the spot and the Jutures price ol o1t respond to

speculation, Only coelficients on net long non commercial positions signiticant al the 5% level 1s

reported.

[
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Vector Error Correction Estimates — Short run effect of speculation

Af, ) As,
n, " 7.91E-04** ~ 147E-03**
(6.3E-05) (1.2E-03)
n, -3.79E-04** -5.34E-04%*
(9.7E-05) (1.8E-04)
n, -4,05E-04** -7.70E-04**
(9.8E-05) (1.8E-04)

* (%) denotes rejection of the hypotheses at the 5% (1%) level

Standard errors are given in parenthesis

The table above shows the eftect of speculation on the changes in the spot and futures price of oil.
In both instances speculation drives prices higher, followed by a number of weeks of correcting the

over valuation that follows.

These results are different from those presented by Antoshin and Samiei (2006), see figure 2. The
concurrent week's level of more or less speculation is associated with higher or lower prices. This
effect is then corrected in the weeks that follow. These results show that it is the level of net long
non-commercial contracts that is important in the price changes for light sweet crude oil and, not as
per the previous study's estimates, the changes in number of net long positions. The charts in

Appendix | indicate the pervasive and constant influence that speculation has on the change in

prices.

6.3. Gold

6.3.1. Data characteristics

The amount of gold mined is a very small proportion of the world's stock of gold (Skousen, 2001).
Any arbitrage trader can trade away disequilibria by borrowing gold from various institutions. The
rate at which you can borrow the gold is known as the lease rate. The lease rate of gold is only
available from 13 January 1998 and so we estimate the VECM from then to the end of August 2007.
The required return for creating the arbitrage portfolio is equal to the one year lease rate plus the
one year risk free rate. We show below the natural log of spot and futures prices, the continuously

compounded required return and the number of net long non-commercial contracts.
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Figure 10: Variables influencing the equilibrium price of Gold
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We show the results of the unit root tests for spot and futures prices, the required return and the

number of net long non-commercial contracts in millions of contracts below.

Augmented Dickey Fuller Unit Root Test - Gold

Levels (y) First difference ( A y)
Variable T T, T, T T, T,
Log of spot ( 5,) 2.395 1.319 S1.776 0 -5.148%%  9.465%*  -9.600**
Log of futures price ( f,) 2.388 1.355 -1.671 -4.988**  -5361%*%  -9.52]**
Required return ( 4, -1.087 -1.460 -0.902 -6.451*%*  -6.469**  -6.592**
Speculation (7,) -1.195 -1.799 -6.167** -9.900**  -9.922*%*  .9.9]6**

*(**) denotes rejection of the hypothesis at the 5%(1%) level

The log of spot, the log of the futures price and the required return are all I(1). The number of net

long non-commercial positions is also I(1). The [(1) characteristics of the speculation variable

means that it is possible that speculation can have an effect on the equilibrium price of gold. Note
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the contrast with oil, where by the I(0) nature of speculation it followed that speculation could not

cause (or be caused by) spot and futures prices.

6.3.2. Estimation

The nonstationary prices, required return and speculation variables are included in the long run
equation. The effect of speculation is included in the long run specification of the VECM as
speculation is nonstationary in the gold market.

L1

Ay=c(B'y, +u)+ 2 TAy+y+e (7
1=1
Sl
Where V.= /{:
n

i

s, is the natural logarithm of the spot price, f, is the natural logarithm of the futures price, &, is
the continuously compounded required return — which includes the risk free rate and the lease rate,

1, is the number of millions of net long non-commercial contracts.

From the simple VAR estimation, the number of lags to include (using the Akaike Information
Criterion) L, isten. We test for cointegration specifying ten lags and an intercept term, but no
linear trend. Both the maximum eigenvalue and trace statistic do not reject the hypothesis, at the

5% or 1% level of significance, that at least one cointegrating relationship does exist. The results

are tabled below.

Unrestricted Cointegration Rank Test (Trace Statistic)

Hypothesized Trace 5 Percent 1 Percent
No. of CE(s) Eigenvalue Statistic Critical Value Critical Value
None 0.092651 72.35873%* 47.21 54.46

At most 1 0.038530 24.61956 29.68 35.65

At most 2 0.009935 5.327199 15.41 20.04

At most 3 0.000865 0.424915 3.76 6.65

*(*FH) denot'ersﬁrejection of the hypothesis at the 5%(1%) level
Trace test indicates | cointegrating equation(s) at both 5% and 1% levels
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Unrestricted Cointegration Rank Test (Maximum Eigenvalue)

Hypothesized Max-Eigen 5 Percent 1 Percent
No.of CE(s)  Eigenvalue Statistic ) Critical Value ~ Critical Value
None 0.092651 47.73917** 27.07 32.24

At most | 0.038530 19.29236 20.97 25.52

At most 2 0.009935 4.902285 14.07 18.63
Atmost3 0.000865 0.424915 3.76 6.65

*(**) denotes rejection of the hypothesis at the 5%(1%) level
Max-eigenvalue test indicates 1 cointegrating equation(s) at both 5% and 1% levels

6.3.3. Expectations of long run equilibrium coefficients

NYMEX lists contracts for gold that mature in Feb, April, June, August, October and December. As
there are only six contracts per year, the time between the spot price and the one year futures price
could vary between ten and twelve months. This mismatch (as with oil) will introduce systematic

structure in the residuals of the long run equation.

However, as with oil the coefficients on the futures and returns variables are expected to be biased
downward, below unity. This is as a result of the maturity mismatch between the required returns
and the futures contract. The net long non-commercial positions (the proxy for speculation) ought

to be statistically insignificant if speculation in the long run has no effect on prices.

+1 Sy

vy

| _
. _ . y =
It is expected that B 41| given that V. k,

0 n

!

6.3.4. Long run estimation results

All the variables are highly significant and it can be seen that the long run coefficients, with the
exception of speculation, are as expected. The theoretical equilibrium relationship between the
required return, futures price and the spot price is supported by the empirical evidence. The
significance of the speculations variable in the long run equilibrium equation suggest that
speculation does affect equilibrium prices in the long run. Estimates of long run relationships over

the full sample is shown below. The coefficient on spot price is normalised to -1 to provide sensible
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loading matrix coefficients.

Vector Error Correction Estimates — Long run effects of speculation in the market for Gold

Spot price  Futures price Required Speculation
. S, f return k, n,
Eng run equilibrium ( 8) -1.000 1.009** -0.774** -32.0E-05%*
o _ , na (0.008)  (0.072) (5.20E-05)
Speed of adjustment coefficients ()  -0.380** -0.412%* 0.007 105.100
(0.099) ~(0.099) (0.008) (81.462)

*(**) denotes rejection of the hypothesis at the 5%(1%) level

Standard errors are given in parenthesis

As expected the required return coefficient is biased to below unity. The futures price coefficient,
which had also been expected to be biased to below unity. is slightly higher than expected and at the
5% confidence limits not statistically different from one. The elasticity of the spot price, futures
price and the required return to speculation (millions of net long non-commercial contracts) is
0.189%, 0.188% and 0.002%, respectively. The number of net long non-commercial contracts is
associated with lower spot and futures prices. This analysis does not investigate the reasons for

this, but the author suggests that this might be a valuable avenue for future research.

The adjustment coefficients indicate that speculation and required returns are exogenous. The

adjustment coefficients on the price variables are statistically significant and negative.

Figures 11-13 show the evolution of the long run coefficients and the 90% confidence levels during
the estimation period is shown. Following the methodology of Antoshin and Samiei (2006), a
rolling VECM is estimated. In each regression the number of lags in the VAR is selected according
to the Akaike Information Criterion and one cointegrating vector is specified. A window length of 7
years is used. The coefficient on the spot price has been restricted to -1. In each regression the
number of lags in the VAR is selected according to the Akaike Information Criterion and one
cointegrating vector is specified. The figures are indicative of a stable long run relationship
between variables prior to 2006. The coefficients are consistent with the expected theoretical

values.



Figure 11 Coefficient on the futures price in the equilibrivn equation
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Figures 14-17 show the evelution of the adjustment cocfficients over time. Again it is noticeable
how stable these relationships have been prior o 2006. Neither the reguired retum nor the
speculative positions coefficients are ever statistically sienificant at the 90% confidence level, Both

spot and futures price coefficients :I.(‘E statistically significant throughout the estimation period.

Figure 14: Speed of adiustinent coefficient on spot prices
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Figure 15: Speed of adiusiment coefficient on futures prices
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Figure 16 Speed of adiustment coefficient on required refurn
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6.3.5. Short run effects of sp culation on the spot and futures price of gold

The short run dynamics show that both the spot and the tutures price of gold respond 1o the
previcus week's change in the spot and future price. bul that speculation is not responsive W these
changes. In both instances speculatipn has a statistically significant effect on prices with a two
week lag. As with the long run cqua_k[tm, the effect of more net long non-comnercial contracts on
prices is negative. Only significant coefficicnts (at the 3% level) on prices and speculation arc

reported,

b )
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Vector Error Correction Estimates — Short run effects of speculation

Af, As, An,
Af,_, -1.057** -0.774** -242.852
(0.376) (0.378) (309.756)
At -0.852%* -0.788** -88.981
(0.345) (0.347) (284.033)
Af g 0.703** 0.453** 214.276
(0.347) (0.347) (285.417)
As,_, 1.247** 0.954** 300.140
(0.377) (0.379) (310.785)
As,_, 0.726** 0.655%* 79.529**
(0.353) (0.352) (288.188)
As, 4 -0.705%* -0.474%* -232.783**
(0.350) (0.352) (288.399)
An,_, -23.4E-Q5** -22.5E-05** -0.069
(7.1E-05) (7.1E-05) (0.058)
An, -0.000 -8.72E-05 -0.154%**
(7.2E-05) (7.2E-05) (0.059)

*(**) denotes rejection of the hypothesis at the 5%(1%) level

Standard errors are given in parenthesis

The coefficient on speculation (one week lagged) in the spot and futures price equation is never
statistically significant. [t can be concluded that speculation does not affect the spot and futures

prices of gold one week later. The effect of speculation on the spot and futures price with a two

week lag, however, shows the number of net long non-commercial positions have had a statistically

significant and negative impact on both spot and futures prices. The evolution of the short run

effects of speculation over time is shown in Appendix 1.
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7. Conclusion

Antoshin and Samiei (2006) investigated the effect of speculation on commodity prices using a
VECM. They included in their analysis the number of net long non-commercial positions and the

spot and futures prices of the commodities they investigated.

In the market for oil the analysis in this paper found the number of net long non-commercial
contracts, the proxy for speculation, to be stationary. Given the stationarity of the speculations
variable it cannot be included in the long run equation. A stationary variable cannot in the long run
explain the level of a nonstationary variable — in this case either spot or futures prices. Therefore
this dissertation concurs with the results from the earlier study regarding long run causality.
Speculation in the long run does not influence the level of spot and futures prices in the market for
oil. However, the stationarity of the speculations variable also means that speculation cannot be
caused by spot and futures prices. The speed of adjustment coefficients indicate that equilibrium in
the oil market is not achieved through adjustments in prices. but through adjustments in

inventories.

In contrast to the earlier study, speculation was included only in the short run equations and was
found to have a statistically significant effect on the two price variables. In any week the level of
net long non-commercial contracts is associated with changes in prices. More net long contracts is
associated with positive change in the price variables. The over valuation that follows the increased
speculation is then corrected in the weeks that follow, as can be seen by the consistently negative

and significant coefficients on the one and two weeks lagged speculations variable.

The study also analyses the eftect of speculation on the price of gold. The level of net long non-
commercial contracts was found to be nonstationary and so was included in the long run
equilibrium equation. The coefficient on speculation in the cointegrating equation was highly
significant and, contrary to expectations, negative. This analysis does not investigate the possible
reasons for this, but suggest that it would be a useful avenue for future research. The speed of
adjustment coefficient on net long non-commercial contracts was not statistically significant,
indicating that although speculation forms part of the long run equilibrium it is not the way in which
equilibrium is achieved. In the market for gold, it is spot and futures prices that adjust to bring the

market back to equilibrium.
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In the short run equations, counter intuitively the effect of an increase in speculation appears to
reduce the price of gold. Again, the coefficient on speculation (with a two week lag) was
statistically significant and negative in both the spot price and futures price equation. A coefficient

plot of the rolling regressions confirmed that this was true for all the periods that were estimated.

In both markets investigated, oil and gold, speculation has a pervasive and relatively stable effect on
prices. In the instance of oil, speculation only has an effect in the short run, while the long run
equilibrium price of oil is independent of the effects of speculation. In the gold market, however,
speculation influences prices in both the short run and long run. This study also finds that, in both

the short run and long run, speculation in the gold market does not respond to prices.

The dissertation applied a different specification of the long run spot-futures parity relationship than
that used by Antoshin Samiei (2006). The results obtained differ from those of the original study as
has been shown. The earlier study concluded that prices influence speculation rather than the other

way around. This dissertation supports the common view that speculation influences prices and that
prices do not always reflect only demand and supply fundamentals, but also a demand for

speculative holdings predicated on the expected short run change in the value of the commodities.
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8. Appendix 1

8.1. Short run effect of s iecufaﬁon

8.1.1. Light sweet crude oil

Figure 18 Effect of speculation on spol prices
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Fivnre 20, Effect of speculation fon week lageed) on spod prices
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Figigre 21 Effect of specidation (on: week lagued) on futires prices
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Figure 220 Effect of speculation (iwo weeks lagged) on spot prices
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Figure 23 Lffect of speculation (two weeks lagsed) on fultres prices
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Figure 24 Kffect of specilation (one weck lagged) on spot prices
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Figure 23: Effect of speculation {iwd
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