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INTRODUCTION

Ihis article examines the relationship between contemporaneous spot
and futures oi! prices and the role of arbitrage and speculation in
determining futures prices. In essence, the article is concerned with
the behavior of the difference txHvveen contemporaneous futures and
spot prices, or what is known as the basis. This is in contrast with
testing efficiency (or unbiasedncss) in which case the variables under
consideration are the spot price and the lagged tutures price.' the
ditterencc between which is known as the forecasting error.
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White the efficiency of the oit futures market has heen examined
extensively,-^ the determination of the basis has received little attention,
particularly on the empirical side. Stein (1961) presented a theoreticat
model for the determination of spot and futures stock prices which
is hased on the decision whether or not to hedge a position. Fama
and French (t987) presented a detailed analysis of the hehavior of the
hasis for 21 commodities that did not include oil. two theories of the
determination of futures prices were tested hy Fama and French: the
theory of storage, and the theory of risk premium. Bopp and Lady (1991)
applied the same methodology to the oil futures market.

The objective of this study is to present a model for determining
futures crude oil prices, showing the role of arbitrage and speculation
in the process. Subsequently, this model is tested using the spot and
the three month tutures prices of the West Texas Intermediate (WTI)
crude oit. The objective of this empiricat exercise is to give a quantitative
dimension to the rote of arbitrage and speculation in determining futures
prices and, therefore, the basis, fhis study finds that during the period
under investigation, arbitrage plays a more important role in this respect.

llcfore the model is presented it may be usctui to spell out e.xactly
what is meant by arbitrage and speculation. Ihe main distinction be-
tween tbe two concepts pertains to risk. Speculation involves a deliberate
assumption ot risk, wbile arbitrage is a riskless operation. Arbitrage can
be defined as "an investment strategy that guarantees a positi\e payoff
in some contingency witb no possibility of a negative payoff and witb
no net investment" [l^ybvic and Ross (1992)]. Speculation is driven by
capital gains in markets witb sequential trading. Speculation may be
defined as tbe action of buying and selling to profit by tbe rise or fall of
prices [Tirole (1992)]. Ihe application of these concepts to the crude
oil market is iltustrated after the model is presented.

THE THEORETICAL MODEL

Fhe futures price of a storable commodity like crude oil is determined
by tbe spot price and tbe cost incurred while the commodity is stored
awaiting delivery some time in the future. Ihis is the theory of storage
which can be traced back to Kaldor (1939) and is found also in tbe
work of Working (t9S.S), Brennan (19S8), and Teslcr (1958). The cost
associated with holding the commodity until the delivery date is known

- S e e . for e \ ; i m p l e , S e r l e l i s ;iiul li;m^ick ( I 4 ' ) ( ) ) ; S e r l c l i s ( 1 4 4 1 ); Q u a n ( 1 9 4 2 ) ; N a i n a r ( 1 9 4 3 ) ; a n d

M o o s a a n d A l - L o i i y b a n i 1 1 4 4 4 ) .
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as the cost of carry. Ihis item consists of the cost of storing oil in a tank
(and perhaps insurance) and financial cost in the form of the opportLmity
cost of holding oil, or the cost of ttinding. But there may also he some
benetits associated witb holding tbe commodity, t bcse benefits comprise
wbat is known as the con\eniencc yield, the convenience yietd may
arise from the use of the commodity as an input in a production process
or if the demand for tbe commodity is higbly votatitc.^ Ibe tbeory of
storage stiputates tbat tbere is an inverse retationsbip between the level
of inventories and the convenience yield. This means that a constant
convenience yield occurs only under very restrictive assumptions. In the
case of crude oil, (iibson and Sbwartz (t990) dispute tbe assumption of
constant convenience yietd and propose instead a stochastic represen-
tation for this \ariable. Moreover. Brennan (t958) argues that when
the level of inventories is low. the marginal convenience yield may
exceed the cost of carry and that makes the futures price lower than
tbe spot price.

Tbe basic assumption bebind tbe model presented berc is tbat tbe
convenience yield is zero or negligible so that tbe net cost ot carr\' is
always positive. Ihis may sound a heroic assumption if the previous
arguments are borne in mind, but it can be justified it one assumes
tbat specutators and arbitrageurs are not interested in and do not use
the commodity "per se." Hather, it is assumed that speculators and
arbitrageurs, to use Brennan's (19=58) words, merely possess titles lo
inventories. Given that market participants hold inventories tor the
purpose of meeting the obligations dictated by futures contracts or tor
speculative motives, and not to use them as an input in a production
process, convenience yietd is unlikely to arise.^ Anotber implication
is that the level of inventories is unlikely to change, particularly it
it is associated with the specifications of the futures contract. This
imptication again leads to the same conclusion of zero convenience yield,
as Brennan (1958) argued that "the marginal convenience yield is zero
in the peak storage months." The assumption of zero convenience yield
has heen used in empirical studies of this kind. For example, Bopp and
Lady (1991) specified a function in which the futures price is tinearly
dependent on the spot price and time which is taken to be a proxy for
the cost of carry, t he implication of their model is that the net cost of

Mlrennan (t4iS) argues tbat commodilies provide A yield tbal must be deducted from storage costs
proper to calculate net storage cost.
"*lt is dift'iciill, for example, to believe tbat a financial institution dealing in the oil lutures market
may use tbf inventories lo whicb it possesses a title lo run tbe central heatinf> system in its offices
and derive a convenience vield from tbat.
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carry is positive which means cither that convenience yield is zero or
that it is less than the cost of carry.

Bearing in mind this argument and assuming that the oil market
is pertectly efficient and that there are no sharp price movements, the
futures price would difter from the spot price by an amount equal to
the cost of carry. This spot/futures pricing relationship is hased on
the assumption that market participants are able to trade in tbe spot
and futures market simultaneotjsly, i.e.. they can utilize spot/futures
arbitrage. Let S, be tbe spot price, E, the futures price determined now
fordelivery in period ( + l .andC,+ | the cost of carry which is incurred
during the holding period ( + I. If

E, > S, + C , (1)

then it will be profitable to buy spot, store the oil (incurring C, t i in tbe
process), and sell tutures. Net protit, N, will be given by

N,+ i ^ F, -iS, + C M ) (2)

Attempts by market participants to earn profit would put upward pres-
sure on tbe spot price and downward pressure on the futures price until
profit is eliminated, in which case the moti\c for arbitrage disappears.
Similarly, if

F, < S, + C, - , (3)

then it will be profitable to sell spot and buy futures, and tbis will create
upward pressure on tbe tutures price and downward pressure on tbe spot
price. In equitibrium, tberefore. the toilowing equation must hold

F, = S, + C,+ | (4)

Equation (4) is known as the arbitrage equation which implies that
arbitrageurs ba\e no incentive to buy or sell futures contracts, tn tbis
case tbe basis, B,, is given t)y

6, ^ F, - S, =C,^i (5)

Given, by assumption, that C,+ i > 0, it fotlows that B, > 0. This is the
case it the futures price is determined purely by arbitrage.

Arbitrage on its own may not be adequate to explain the behavior
of futures priees and. tberefore, tbe basis, because futures prices may
embody expectations about spot prices. It is important to remember tbat
for eq. (4) to bold, two assumptions must be valid: (I) infinite elasticity
ot the demand for tutures contracts and (2) arbitrage funds do not run



Arbitrage and Speculation Roles 171

out. If these conditions do not hold, then factors other than arbitrage
will affect the tutures price. Moreover, if market participants believe
that some factors witl affect the spot price expected to pre\ail in the
ftiture, S'\ then the pricing equation will be

F, ^ S, + C,+ | + p, (6)

where /), is the risk premium sucb that pt >< 0. depending on how
market participants (more specifically, speculators) expect events to
affect prices.

The role of speculation (v\hich is based on expectation) may be
illustrated as totlovvs. If SJ' > S, it will be profitable to buy and bold, in
whicb case S, will rise to eliminate tbe advantage of bolding tbe marginal
unit. If, on the other hand. S', < S, speculators will sell spot, putting
downward pressure on S,. Given the arbitrage et|uation. this bebavior
sbould attect the tutures price as well. Ihc basis in this case is given t>y

B, = F, - S, -Ctn + Pt (7)

If p, < 0 and \p,\ > C H I il follows that B, < 0. Therefore, B, >< 0.
Tbus, both arbitrageurs and speculators play roles in determining

futures prices. There is, however, anotber category of participants
wbo might also inftucnce the price: these arc the hedgers. Hedging
arises out of the iwcd for protection against the risk of spot price
tluctuations, gi\en that transactions are normally contracted months
before the payments for or receipt of shipments. However, it can
be argued that hedgers can be ctassitied eitber as arbitrageurs or as
speculators."' although this proposition is not universally acceptable. Van
Belle {1973), for example, argues that failing to account explicitly for
the role of hedgers will bias tbe estimates of tbe vveigbts attributed to
speculation and arbitrage. On tbe other hand. Isiang (1959) does not
distinguish between hedging and speculation if the latter is defined in a
'"narrow sense." If hedging is defined as a sale or a purchase of futures
contracts to reduce the open position of the trader, then this is similar to
speculation. Stoll's (1968) argument that the futures price is determined
by arbitrage and specutation is applied in what tottows.

A DIAGRAMMATIC EXPOSITION

This exposition illustrates the role and relative effectiveness ot arbi-
trage and specutation in determining futures prices. It is assumed that

^Scf, for evampic, Sloll (1968).
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arbitrageurs and specutators ha\e downward stoping excess demand
functions for tutures contracts. Arbitrageurs' demand depends on the
ditterence between tbe level of the futures price determined by the
arbitrage equation. F, and tbe actual forward price, F. Thus, it F ^ F
arbitrageurs have no incentive to buy or sell futures contracts, i.e..
their excess demand is zero. Specidators" demand, on the other hand,
depends on the difference between the expected spot price, S'\ and
the actual futures price. 1 hus. if /• = S'' speculators have no incentive
to buy or sell futures contracts, i.e.. their excess demand is zero.
In this diagrammatic exposition, it is assumed that .S'' < F < F so
that arbitrageurs are net buyers of futures contracts (positive excess
demand) wbile spcctdators are net sellers (negative excess demand).''
For equilibrium, net buying by arbitrageurs must be equal to net selling
by speculators. Figure I and Figure 2 can be used to demonstrate the
following. If the case of infinitely elastic excess demand hy arbitrageurs
is disregarded, tbe eftectiveness of arbitrage and speculation depends
on tbe relative elasticities ol the two demand functions. Diagrammati-
cally, this is represented hy the relative slopes of the arbitrageurs' and
speculators' excess demand curves wbich, tor simpticity. are catted the
arbitrage and specutation scbedules.

In Figure I. the slope of the arbitrage scbedule AA is kept
unchanged, while the slope ot the speculation schedule SS is varied
by rotating it around its point of intersection witb the price (vertical)
axis. Io start, consider the schedutcs AA and StSI . This combination
gives an arbitrage tutures price. F; an expected spot price. S''; and an
equilibrium futures price. F I. Tbe market is in equilibrium because the
quantity of futures contracts boiigbt by arbitrageurs. QAI, is equal to
the quantity sold by speculators, QSI. Since F I tails halt way between F
and S'\ this implies that arbitrage and speculation have similar roles or
weights in determining futures prices. This situation arises because AA
and SI SI ha\c the same slope, A situation of arbitrage dominance arises
wben tbe speculation schedule (S2S2) is steeper than the arbitrage
schedule, gi\ing an equilibrium tutures price of F2 wbich is ctoser to
F. Atternatively. a situation of speculation dominance arises when the
speculation schedule (S3S3) is tess steep than the arbitrage scbedule.

In Figure 2. the slope of the specutation schedule is kept uncbanged
wbile tbe slope of tbe arbitrage schedule is varied by rotating it in such a

''This assumption, however, need not be the case. Any otber assumption does not change the
exposition or affect tbe conclusions derived from it.
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OSi OSi QS2 OA2 OA3

FIGURE 1
lilt' (.U'tcrminiilion ol kilurt's prices witli \aryinji sldpt' ol ihf speciiliilinn stiiedtile.

way as to give tbe same le\els ot the equilit^rium quantities and lutures
price. Naturally, three ditferent equilibrium arbitrage prices—F1.F2,
and F3—correspond to tbe three arbitrage schedules—AIAI, A2A2.
and A3 A3. However, the conclusion is unchanged. When the two
schedules have equal slopes. F tatts hatt way between F1 and S'\
implying equal roles for arbitrage and speculation. When tbe arbitrage
scbedule (A2A2) is flatter tban the speculation schedule. /• is closer
to F2 than to S'\ implying arbitrage dominance. Wben the arbitrage
schedule (AJ1A3) is steeper than tbe speculation scbedule, E is closer to
S'' than to F3, implying speculation dominance.
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F I G U R E 2

I ' h c c l r t c r m i n a t i o n <»l ( i i l i i r f s p r i c e s w i l h \ i t r y in f j s l o p e o f t h e ; i r b i t r a g t ' s c h f d u l f .

MODEL SPECIFICATION

tn this section the model is specified in a testable torm in wbicb
all \ariables arc measured in natural logaritbms.' Ihe starting point is
to specify excess demand functions tor arbitrage and speculation, wbich
mav be written as

- F,), > 0 (8)

' O n e reason lor specilvint; tbe model in natural logarilbnis is tti axoid any problem associated

wilb tbe detinition ol expected \ariaijles in le\cls. Slricily speaking, tbis specificaliun requires

nonlinear excess demand functions of lbe form Q" = S,XFjF] and Q^ = B..{S''IF] so tbat a log-

linear transtornmtion |)ri)duccs eqs. (81 and (4). Tbis is also lbe procedure adopted b> economists

examijiing tbis reliilioiishi|) in tbe l'oreij;n exchange markel |see. for example, Kesselman 1,1971),

Haas ll*)74). McCallum ( 1477): Callier ( 19X1); Moosa and Hbatti (1944)1.
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- F,). a. > 0 (9)

sucb ttiat F, is tbe arbitrage futures price derived from e(|. (4). In
equilibrium, there is zero excess demand, i.e..

which implies that

F,

;' + Q; =

F, +

(10)

a,, a,, + a,

Equation (II) shows that F, can deviate trom F, whenever a., is not
dominated (in terms of magnitude) h\ «., and when F, ¥" S)\

It is also possible to s[jccif\ an excess demand tunction for hedgers
as

Qi' ^ y - «/,F,, y,ai, > 0

In this case, the equilibrium condition is given hy

Q ; + y ; + Q': - <>

or

y

12)

F, =
a,, + a, a, a, +

F,
_ a,, + a, +

McCallum (1977) argues that if y and a/, are small, eq. (14) is not
distinguishable from eq. ( I t ) . Ciiven tbis argument and the previous
arguments tor regarding hedging either as specutation or as arbitrage.^
tbe mode! can be written in a testable form as

F, ^ + + 15

where /3| and /32. respectively, indicate tbe relati\e importance of
arbitrage and speculation in determining tuttircs jjrices. The restrictions
imptied by the model are ^o = 0, /5| > 0. (3? > 0 and ^i + ^i ^ t.
The ctoser /3[ is to unity, the tess important is speculation. II ^i turns
out to be close to I but significantly different from it. this means that

**ln re la t ion lo t h e oil marke t , K u m a r (19421 iniplicilK favors ib is p r o c e d u r e by distinj^t

b e t w e e n bedgin j ; a n d s p f c u l a l i o n on t be o n e h a n d , a n d arbitraj^e on i h c o t b e r . Specif ical ly, be

s ta les t ha i " fu tures m a r k e t s serve l « n in t e r re l a t ed p i i rpos f s : ( I ) h e d g i n g or spect j lat i i tn; a n d (2)

p a r t i c i p a n t s ' expccLations w i tb respec t to l be Itittirc c o u r s e ol p r i ces . "
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arbitrage exerts a strong influence on tbe futures price without achieving
arhitrage equilibrium as indicated by eq. (4). If tbe eftect of speculation
is discarded, cq. (IS) reduces to

E, = e, (16)

w b i c b can be used to test tbe a rb i t rage eq . (4) . For cq . (4) to be valid,

t be res t r ic t ion (/3o,/3i) = {0, J) mus t bold.

THE BEHAVIOR OF SPOT PRICES,
FUTURES PRICES, AND THE BASIS

Tbis model is tested using a sample of montbly observations covering
tbe period January. 1986 to December. 1991. S, and F, are represented
by the spot and 3 month tutures prices of the VVII crude traded on
NYMKX as reported by Parra Associates.''

Figure ?> shows the bebavior of spot and lutures prices over tbe
sample period. It sbows tbat this crude was selling sometimes at a
premium and other times at a discount relative to the spot price,
ihis is demonstrated also by Figure 4. If the assumption (',1 | > 0 is

39.45

29.90

2Q.35

10.88
86:1 87:7 89:1 90:7 91:12

FIGURE 3
Spot and ttirt't'-monlh futures prices of W l l criidt' (dolliirs/barrcl).

^F. R. Parra Associates and Middle Fast Fconomic Survey, tutcrtuitional Crude Oil Prices: Major
Time Scries /row the l^6()s to 1991, Middle East Petroleum and ticonomic Publication, Nicosia,
January.
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2.32

8.33 .

-1.66 -

-3.65
86:1 87:7 89:1 30:7 91:12

FIGURE 4
The basis (dollars/biirrt'l).

maintained, then, given that B, >< 0, as shown by Figure 4, it must
toltow tbat PI > < 0, i.e., o\L'r tbe sample period, specutation played a
role in determining futures prices.

tbe tiasic statistics of the tjasis (measured in dotlars per tiarret) are
presented in 1 able t. I igure 5 aisc) sbov\s tbat tbe basis was not serially
correlated and random, tt is obvious tbat white the basis was smatt on
a\eragc (a mean vatue of —0. t4), it has been rather erratic. Tbis may
bo taken to indicate tbat while speculation p!a\od a role, it was a rather
small role.

TABLE I
Statistics of tht- tJasis (B, = E, - S,',

Maximum
Minimum
Mean
Standard deviation
Coefticient ot variation
Skewness
Kunosis-3

2.32
3.65
0.15
0.72
4.97

-0.87
8.22
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-0.27

FIGURE 5
Atrl()C(>rrt.'li.iti()n l u n t l i o i i ol t h e bas i s ,

MEASUREMENT PROCEDURES

Before the empirical resutts arc presented, it is important to demonstrate
the procedures used to measure the two \ariabtes. F and S'\ Tbe
equilibrium futures price, F, is determined by eq. (4) by assuming the
following

c ^ + 17)

wbere C is the real cost of carry (storage, etc.) and C ' is the financial
cost of carry (opportunity cost or cost of funding), the reat cost of
carry is assumed to be determined hy the latest (the previous month's)
inflation rate, f or this purpose, the inflation rate is detined as the
month-to-month change in OECD consumer prices. Tbe financiat cost
of carry is proxied by the three-month Kurodotlar interest rate (LIBOR).
I hus

such that

F, = S,i\ + 77, , ) ( ! + R,)

- 1
( - 1

18)

19)
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where TT is the month-to-month intiation rate.'" P is the OECD
consumer price index, and R is interest rate adjusted to cover a period
of three months.' ' Both oi these time series are from the IMF's
International Financial Statistics. The cost of carry, as measured by
F, — St, is plotted in Figure 6 superimposed on the basis, F, — .S,. I bis
graphical representation demonstrates tbe interaction between arbitrage
and speculation.

The second point to be considered in tbis section is how to proxy
the expectations variable, S'l, wbich is the sjjot price expected to jire-
vail al the time of ihe maturity ot the tutures contract. In this kind
of analysis, several expectation formation mechanisms have been used:
adaptive expectations |e.g., Stoll (I968)|; extrapolative and regressive
expectations [e.g., Kesselman (1971) and Haas (t974)]: rational expecta-
tions [e.g., McCattum (t977) and C'allier (I 98 1) |, Fisherian expectations
[e.g., Kohlhagen (1979)] and ARtMA representation [e.g., Stokes and

2.32

0.33

- 1 . 6 6 •

-3.65
86:1 87:7 89:1 90:? 91:12

FIGURE 6
Ttit' biisis (B) and the (.usl of ciirrv (C).

l b e l a ^ e d inlialioji rate is used because il is assumed tbat lbe rciil cost ol carr \ . uiiicli is li\('d
ill adwmce tor tbe coming bolding period, is df lcrmined hy the hilesl .i\iiilalik' monlbU infl.itidii
rate. Tbis is assumed to be ihe pre\i<nis monib s inllation li^jurc.

' ' B(»[)|i iind l.ady ( 1991 I tried to measure tbe cost ol carry implicitly l)\ rcj^ressing tite lulu res price
on il constant , tbe spot j>rite, and ;i time variable reflecting ihe m.KiiriU ot tbe lirtures contract .
I h c y did nol at tempt to measure tbe actual components ol tbe cosi ol carr \ . I 'ama and t-rencb
( |yH71, on tbe oilier band, only recoyrii/etl ihe financial cosi of carry by reRressing tbe basis (as n

percentage ot tbe s|)(it price) nn interest rale and seasonal dummies .
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Neuburger (t979)]. The mettiod used here is an expectations for-

mation mechanism that is simitar to but less stringent than rational

expectations. Let the expected value of the spot price be equal to the

mathematical expectation, conditiona] on the information set availatile

when the expectation is formed. This is represented by

where E is the expected value operator and 12, is the relevant intbrmation

set. The actuat value of the spot price, v\hich will prevail at the maturity

ot the tutures contract, is given by

| in,) + w,^i (2t)

such that E{u'i) i | l i ,) ^ 0. I hus, it is possible to dcri\e the relationship

S'i ^ S, + | - i r , . , (22)

where u',+ | is the expectations error which is realized at time t + I. If

ec|. (22) is substituted into eq. ( IS) the iollowing ecjuation is obtained

F, = /3(, + P^V, + /32(S, + | - u',+ ,) + E, (23)

or

F, = (3o + ^ i F , + j0>S,+ i + n, + , (24)

w h e r e » / - i - t ^ ^ ^ i i t ' i + l + K , . l i , a s a s s u m e d , u - , f i -^ / ( ( ) ) , t b e n n , i i '~'

/{()) it e, ~ /{()). Ibis means that cointegration in (tS) impties cointe-
gration in (24). '^

Because ot the use ot monttily data antl the three-inonths futures
price, S,+ | is replaced by S,-^. thus , wben cq. (15) is estimated,
SJ' is proxied by S,+ ̂ . Ibis creates tbf problem of oxerlapping data
wbich induces an MA(2) process in the empirical residuals of the
cointegrating regressions. One could use quarterly data, but tbat would
reduce tbe sample si/e, creating a problem of small sample bias as
demonstrated by Banerjee et al. (1986). On the other hand, overlapping
data are not a prot)lem it the model spccitication does not in\()Ke any
dynamics, t hcrefore. it would be erroneous to estimate tbe cointegrating
relation using eitber tbe Johanscn (1988) procedure or tbe DOLS and

"All ol ibese sludics teslcd the elfei ti\cncss n\ arbitrajie and s|>eculatioii in lbe forward foreign
exchange market. 1 itile, il any. e(Hii\alcnt uurk bas been done on (be oil futures market.

t bf condition, ir, ^ \ ~- /IO). is less stringent than tbe rational r.vpcc tut ions rc(|uirement ibal ii'[+ |
is a wbite noise process. Tbe latter requires tbe ioilowing conditions to he satisfied: E(w,+ i ) = 0,
C(ii; ) I ic, ( 14 j) = (T- for j = 0, and E(ir, + |, ir, + i+j | = 0 ior j ^ 0.
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DCLS estimation metbods proposed by Stoct< and Watson
tHowever, estimating tbe cointegrating relation as a static regression
will produce (subject to small sample bias) super consistent estimates
irrespective of tbe conventional econometric problems, provided tbat tbe
\ariables are cointegrated. Ibe problem ot inetficiency can be tackled
by tbe adjustment procedure proposed by West (1988) wbich makes the
estimated standard errors ot the coetticients asymptotically normal.

EMPIRICAL RESULTS

Before testing tor cointegration. unit root tests must be carried out

on the variabtes entering eqs. (IS) and (16). t o r tbis purpose, two tests

and four test statistics are used: tbe Dickey-Fuller (1979) test (DF and

ADF). and tbe PbilMps-Ouliaris (1990) test (Z,, and Z,). '^ Tbe results

of tbese tests are reported in Table II. lbe results sbow tbat the tbree

\ariab!es are nonstationary in lexuls and stationary in first ditfcrences,

implying tbat tbey are integrated of order I.

l a b l e III reports tbe results of testing tor cointegration and coef-

ficient restrictions on etjs. ( tS) and ( t6 ) . Ihe ( statistics for various

restrictions are based on West's (1988) corrected standard errors wbich

are given in parentbeses. I brec restrictions are tested tor botb equa-

tions: /3o ^ 0, jfl| = 0. and /3| = 1. and two more restrictions are tested

tor eq. (IS) only: (3^ = 0 and /3| + ^ j = I. Ihe resutts for eq. ( t6)

sbow tbat tbe nuti bypotbesis of no cointegration is rejected at tbe 5%

level by tbe five test statistics used tor tbis purpose. This is a necessary

TABLE II

Unit l̂ oot Tests

\ iiriiihic DI I
F

F

AF
AF

-3.36
- 2.97

-2.61
7.86^
7.62^

-7,57^

2.62
-1.50
-1.52
-3.74^
-3.67^

4.07^

-10.37
-11.54

-10.30
-43.95^
-47.04^

-48.02^

-2.37
-2.81

2.48
-7-84^

7.08^
7.87^

^Significant at Ihe 5% level. All variables are measured in natural logarithms.

'•* Ihe itroposition ihat tlie Ji)iuinsen procedure is not appn)|>rialc when there is a problem of
overlappiiig data is pro\i.'d rurnially in Moore and CuMen ( I9'>1).

'"Critical \iiliies for the tesi statistics are tabulated in MacKinnon (i*^^!). and in Phillips and
Ouliaris (1990) . respectively.
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TABLE III
Cointegralion jinti Coffficifnt Hcsiriclions Tests

^0 0.040 0.108
(0.087) (0.078)

/8i 0.925 0.951
(0.029) (0.026)

^2 0.049
(0.025)

R^ 0.978 0-974
CRDW 1.37^ 1.27^
DF -5.83^ -5.58^
ADF -4.48^ -4.19^
Z;, -52.11^ -49.46^
Z, -6.08^ -5.86^
f(y«o = 01 0.46 1.39
t{fi^ = 01 31.89^ 36.57^
n/32 = 0) 1.96̂
t\/i: = 1) -2.59^ -1.88^
f(/Ji + ^ 2 - 1) - 1 . 6 5

"Significant at the 5% level Figures in parentheses are West's corrected standard errors which are used to calculate
the adjusted ( statistics.

but not a sufficient condition for the arhitrage equation to hold. Ihe
sufficient condition is that the restrictions fSo = i) and /3| ^ I hold. I he
restriction pu = 0 is not rejected, the restriction ^i ^ I is rejected, and
the restriction /3i ^ 0 is rejected. The interjiretation ol these results is as
lollow s: \\ hile arhitrage pla\s a significant role in determining the lutures
price, it is not powerful enough to aehieve the equilibrium described
hy the arhitrage equation, i.e.., F ^ E . 1 his means that there must be
another force in operation, and this force is speculation.

The role of speeulation is illustrated by the results presented in
Tahle III for eq. (I 5). Again, the necessary condition is satisfied because
all of the test statistics reject the null hv'pothesis ol no cointegration.
In this case, however, all of the restrictions hold. While the restriction
)S2 = 0 is rejected, implying a statistically significant role for specula-
tion, the restriction /3| + ^2 ^ I is n*>t rejected, implying that both
speculation and arbitrage determine the futures price. The results also
confirm the validity of the assumption concerning the role of hedging.

Finally, Table IV presents the results of another test that eonfirms
the importance of speculation in determining lutures prices. A \ariable
deletion test is conducted on S'J' as it appears in eq. (IS). Ihree test
statistics are reported: the Lagrange multiplier (LM) test statistic which
is distributed as ^""{1); the likelihood ratio (LR) test statistic which
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TABLE IV

Variable Deletion oi lests on S'i

Sltilistic l)i\trihiitiiiii \

LM ,y2,1) 4.543 0.033
LR 'x^{]) 4.70^ 0.030
F Fl 1,641 4.65^ 0.035

^Significant at Ihe 5% level.

is also distributed as ^"(1): and the F test statistie which is derixed
from the residual sum of squares of the restricted and unrestricted
regressions."' All oi these test statistics reject the null hypothesis

Ihe final point to be mentioned here concerns the relative roles of
arbitrage and s|iecLilation in determining the (utures price. I hese are
measured respecti\el\ b\ tbe magnitudes <>( tbe coellicients on F and
S'' (i.e., ,S| and (3i). Mut, wbile botb of these coefficients are statistically
signiiicanl. the \aliie ol f3] ({),92S) is b\ lar greater tban tbe value oi
p2 (0.049), implying that, during the period under consideration, arbi-
trage played by a more important role than speculation in determining
the lutures price. In other words, the oil market was characterized by a
situation of arbitrage dominance as sbown b\ I igure 1 and Figure 2.
Ibis result is not surprising because this period is characterized by
relati\ely stable oil prices following the collapse of early 1986 and the
loss ol OPEC s power in dictating e\ents in the oil markel. In the period
between the collapse of early 1986 and the Iraqi invasion of Kuwait
(the elfect of v\hich was onl\ temporary), the oil market was not highly
volatile. Moreover, one ol llie important kietors v\hich is conducive to
speculation in the oil market, the outct)me of OPKC meetings, lost
its eHecti\eness. It speculation has played a greater role belore OPLC
lost its power, tben tbe change ean be represented by the shift in the
speculation schedule, as in Kigure I, irom S3S3 towards SISI and then
to S2S2. It can be stated that, during the period under stud\, the role
of specirlation is secondary to that ol arbitrage.

CONCLUSION

In this article, a model is de\eloped to test the effectiveness of arbitrage
and speculation in determining the lutures price ol crude oil. Ihe model

' rhf restricted und LMIrestricted rejirt'ssiiins :irt' represented by eqs. ( I 61 ;intl I ! S), r<'specti\t'ly.
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is specified such that the actual futures price is a function of the
arbitrage price and the expected spot price. The arbitrage price, which
reflects the role ol arbitrage, is deri\ed by adjusting the spot price by
a factor accounting lor tbe real and financial cost ol carry. Ibe real
component of tbe cost ol carry is proxied by tbe inflation rate, while
the iinancial component is proxied by interest rate. The expected spot
price, which reflects the role of speculation, is proxied by the actual spot
price prevailing at the maturity ol the iutures eontract. This procedure
is based on an expectations lormation mechanism similar to. hut less
stringent than, rational expectations.

Ihe model is tested using the WTI crude spot and futures prices
over the period ot January, 1986 through December. 1991. The empir-
ical results reveal that speculation plays a role in determining futures
prices, but tbat the role of arbitrage is dominant iluring the period tested.
The dominance ot arbitrage over speculation may have been caused by
a decline in the power of OPEC which made the oil market less volatile
and reduced the Lincertainty surrounding the movement of oil prices.
Such an environment is less conducive to a big role for speculation in
the oi! futures market.

There are two possihle extensions to this study. I irst, it would
he interesting to test the hypothesis over a less stable period such as
1973-82 to see if the change in the sample period resutts in the same
dominance of arhitrage over speculation. Second, it is possible to extend
the model and make it more general by relaxing the assumption ot zero
convenience yield.

BIBLIOGRAPHY

Banerjee, A.. Dnlado. J.J.. Hendry, D.A., and Smith, G.W. (1986): "Exploring
Equilibrium Relationships in Econometrics Through Static Models: Some
Monte C'arlo lividence," Oxford Bulletin of Economics and Statistics,
48:253-277.

Bopp, A. E., and Lady, C M . (1991): "A Comparison of Petroleum Futures
versus Spot Prices as Predictors of Prices in the Future," Energy Elconomics,
October 274-282.

Brennan. M.J. (1958): " I h e Iheorv' ol Starn^c," American Ecrtnoniic Review,
48:S0-72.

Callier, P. (1981): "Speculation, Interest Arbitrage, and the Forward Foreign
Exchange Rate of the Canadian Dollar: Updated Evidence." journal of
Macroeconomics, 3:293 — 299.

Dickey. D. A., and Fuller, W.A. (1979): "Distribution of the Estimators for
Autoregressive Time Series With a Unit Wool " journal of American Statis-
tical Association, 74:427—431.



Arbitrage and Speculation Roles 185

Dybvie, P. H., and Ross, S.A. (1992): "Arhitrage." in: The New Palgrave
Dictionary of Money and Einance, Newman. P.. Murray, M., and tatwell,
J. (eds.), Eondon: Macmillan.

Engie. R. F., and Clran^er. C. W. J. (1987): "C^ointegration and Rrror Correetion:
Representation. l!stimation and Testing," Econometrica, 55:251-276.

Fama, E. F., and French, K. R. (1987): X'ommodity Futures Prices: Some
F.xidente on Forecast Power, Premiums, and ihe Iheorv' of Storage,"
journal of Business, 60:55-73.

Cibson. R.. and Schwartz. E. S. (I 990): "Stochastic Convenience Yield and the
Pricing of Oil Cotingent Clnims" journal of Einance, 45:959-967.

Haas. R, D. (1974): "More Evidence on tbe Role ol Speculation in the Canadian
Forward Exchange Market," Canadian journal of Economics, 7:496-501.

Johansen, S. (1988): "Statistical Analysis of Cointegrating Veclors," journal of
Economic Dynamics and ControU 12:2,^1-254.

Kaldor. N. (1939): "Speculation and Economic Stahilitv," Review of Economic
Studies, 7:1 - 2 7 .

Kesselman. J. (1971): "Ihe Role of Speculation in Forward Rate Determi-
nation: Ibe Canadian Flexible Dollar 1953-1960." Canadian journal of
Economics, 4:279-298.

Kohlhagen. S.W. (1979): "Testing for llie Role of S|H-cLilation in the Forward
Exchange Market: Some Problems if there are Fisherian Expectations."
Review of Ikoiioniics and Statistics, 61:608-610.

Kumar. M. (1992): "I he Forecasting Accuracy of Crude Oil Futures Prices."
JME Staff Papers, 39:432-461.

MacKinnon. J.Cl. (1991): 'Critical Wikies for Cointegration Tests." in Eong-

Run Economic Relatioiistiifis: Headings in Cointegration, Engle. R. F. and
CJranger. C.W.J. (eds.). Oxford: University Press.

McCallum. B. T. (1977): "The Role of Speculation in the Canadian forward I .x-
change Market: Some l:!stimates .Assuming IVitional Fxpectalions," Review
of Economics and Statistics, 5 9 : 1 4 5 - 5 1 .

Moore, M.J.. and Cullen, U, (1993): "Spetulalive Efficiency on tbe London
Metal Fxchangc," Paper Presented at tlw Annual Conference of tJie h\oney.
Macroeconomics and Einance Research Croup, St. Andrev\s, September.

Moosa, I. A., and Al-Eoughani, N. E. (1994): "Unhiasedness and Fime Vary-
ing Risk Premia in the C'rude Oil Futures Market," Energy Economics,
16:99-105.

Moosa. I. A., and liliatti, R. 11. (1994): "Testing the Effecti\encss of Arhilrage
and Sjieciilation Under flexible Fxcliange Rates," Economia hiternazionale
(forthcoming).

Nainar, S. M. K. (1993): "Market Information and price Volatility in Petroleum
Deri\atives Spot and Futures Markets." Energy Economics, January 17-24.

Phillips. P. C:. B.. and Ouliaris, S. (1990): "Asymptotic Properties of Residual
Based Tests for Cointegration," Ec(moinetrica, 58:165-193,

Quan, J. (1992): "Two-step Iesting Procedure for Price Discovery Role of
Futures Prices." Ike journal of Eutures MarJzeis, 12:139-149.

Serletis. A. (1991): "Rational Fxpectations, Risk and Ffficiency in Energy
Futures Markets." Energy Economics, April 1 1 1 - 1 1 5 .



186 Moosa and Al-Loughani

Serletis, A., and Banack, D. (1990), "Market Efficiency and Cointegration: An
Application to Petroleum Markets, Review of Eutures MarJiets, 372 — 385.

Stein, J. E. (1961): "The Simultaneous Determination of Spol and Futures
Prices." Aynerican Economic Review, 51:233-255.

Stock, j . H. (I9S7): "Asymptotic Properties of Eeast Squares Estimators of
Cointegrating Vectors," Econometrica, 55:1035 — 56.

Stock, J.H.. and Walson, M.W. (199.^): "A Simple Estimator of Cointegrating
Vectors in Higher Order Integrated Systems," Econometrica, 61:783-820.

Stokes. H.H.. and Neuburger. Fl. (1979): "Interest Arbitrage, Forward Specu-
lation and lbe Determination of lbe FOrward Kxcbange Rate." Columbia
journal of World Business, Winter 86-98 .

Stoll, II. R. (1968): "An Empirical Study of tbe Forward Exebange Market
Under I ixed and Flexible Flxchange Rate Systems." Canadian journal of
Economics, 1:55 —78.

Tesler. L.C. (1958): "Futures Trading and tbe Storage ol C'otton and Wbeat,
journal of Political i.conomy." 66:233 — 255.

I i role, J. (1992): " Spec LI la lion" in ihe New Palgrave Dictionar^ of Money
and Einance, Nev\man. P., Murray, M.. and Eatweil. J. (eds.), Eondon:
Maemillan.

Tsiang, S.C'. (1959): "Ihe Ibcor) ol iorward lAcbange and tbe Effects of
Government Intervention on the Forward Market." IME Staff Papers,
6:75-106.

Van Belle, J.J. (1973) "A Neglected Aspect of tbe Modern Tbeory of Forward
Exebange," Southern Economic journal, 40:1 17 -1 19.

West, K. D. (1988): "Asymptotic Normality Wben Regressors Have a Unit
Root," Econometrica, 56:1397-1417.

Working. II. (1953): "Fulures Irading and Hedging," American Ecoiumtic
Review, 43:^14-34.^.




