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INTRODUCTION

A central implication of the Bilwient Markets Hypothesis [ima

19700 as it applies to Speculative T utures Narkets is that mdividual
futures prices, or o Hncar combination  thereol, should evalve
over time as o simple martingale process. i agents are risk newral and
nrarkets are perfect. Alernatively, for sinall percentage price changes,

the lowarithnnic first differences will be serially ancorrelated: with zero
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drifth e is well kaown, efficient markets tests presume o set of
informatton that conditions expectations ol subsequent prices. Muany
of these tests have been questioned on the ground that only o subset
ol the relevant information that market participants use to generate ex-
pectations is included i an cconometric maodel. Accordinglv, conclusive
interpretation of anomalous evidenee that seems to contradict the basic
tenets ol marker efficieney has adwas been o controversial issue. Tor it
mav reflect aa flaved modell do market inefficieney in which prices
tahe temporary swings from thein Tandamental values . i or markets are
efficient. but the predictable variation man he expliained by time-vanving
cauilibriom returne. Tn the absence of an equilibrium pricing model that
captures the inter temporal hehavior of the distributional moments, it s
difficult to distingiaish between these aliernative competing hyvpotheses.

Market participants could efficienth cmploy at feast two sets of
informution: fr information contained in the history of cach time series
of prices tproperh applivable o a weak-form test of market efliciency s,
aned G information that s centained in the histore of cachas well asin
the history of several other refevant series tsuitable Tor testing a stronger-
Form ol rationalite of price expectationsi. Because information gathering
and processing costs are non-neghiviblel cconomically rationat agents
would form optimal conditionad Torecasts tin the sense of conditional
unbiasedness and elticienoy s by cploving broader information sets and
maore sophisticated information processing techniques onlv when the
enhanced prediction benetits outweigh the costs,

Fn dine with the shove urgimment, the present study attempts 1o
eximine the relationship between wold and siher cash and Tutures
markets wsing daily pricess with specifie emphasic on the intertemporid
Bebsavior and predicrabiling of the soccalled sold-silver spread. v spread
position involving the two metals s defined as a simmltmneous fong reash
or tutures: positios o one metal ond o short ccasho or fotares pasition
of the same matarity incshe other metals v spreader will then aeerue

rish-unadjosted profics it the ditference in prices chimses moa fovorable
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divection: tut s, if profits on the long position acorue at a faster rate
than o the short position, or that the net prolit on the combined
position is positive,

This article experiments with three alternative definitions of
the gobd sibver spread. In the st o historical time series of the

spread s generated from o log - log regression ol gold on o silver

In the sccond, the simple ratio o historical gold-to-sibher prices
is used as the spread series. and s velerred to i this article as
the “constrained” gold  silver spread. This ratio has traditionalk
heen named the vold sihver parity [ M (198300 and is unlikeh
to he the best measure ol the "true™ price relation between the
two precions metals, unless one s willing to assume, o priori, that
the tvwa metals are perlecth sabstitatable according to @ factor of
proportionality. In essence, defined as suchy the parity, swhich s
tahen to be a prow measure of the spreads would have o basic
properts. that o cqui-proportionality. between gold and silcer prices
ithat is. that the fong-rim slope in o log - log regression s unity.
and the itercept is zerod. Because statistical inferences about these
parameters are problematic i the lesels representation of the pariny
contains @ unit root, it is estremeh diffieelt o veriv swhether those
pariameter restrictions are, indeed, vatid. More specifically, o standard
rest is inappropriate hecause the unconditional variance ol the
paritv iy inlinite under the nuoll of o unit oot Therelore, it s
readibv apparent that the vnconstrained gold  silver spread and the
teonstraimed s vold  sihver parity differ in thar the Latier is o specral
case of the former. Because of <hepticiom about the value of imposing
such assumptions. abternative detinitions of the spread are emploved.
Third, because o gold-silver spresd series obtaimed from historical
fog log regressions ol gold on silver prices would not necessarily
be identical to the reciprocal of o sibvers gold spread series obtained
from o reverse log log reuression of sihoer on gold prices, o third
spread series is constructed and s referred o as the Tunconstrained”
sthver= gold spread.

At issue in this article is whether an cconometric model that s
consistent with the empirical regularities in the data can be simulated
forward on a periodic basis to generate predictions upon which o orading
posttion in the precious metals spread can be established to secure
an arhitreve prolit. To prineiple. o test tor wbitrage profits should
be carvied ot evoentes The reason is that what appears ov post as

arbitrage profit opportanities is not necessarily o goaranteed ev-ante
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L‘\PI(JH;EE)I{‘ ;malvil n;);ms'llméi\, for prices ot the next available transaction

may move unbinvornbly to the would be arbitrageur” Dot arbitrage

frisk arbitragingr on the Tutare price of cach metal tiken separateby . This
would Toflow from the fuct that the vartanee of price changes of a linear
combination of long and ~hort positions in the precious metals would
be reduced as g result of positive correlation between the price of ;._{UM
and the price of silvers The stronger the positive correlation, the lower
the variunce of the combined position”

In this articles o no-arbitrage model of the Tair theoretical salue
estiate of the gold  wlver Tutares spread is presented. This model s
a simple ostensien of the hasic no-arbitaee cost-ol-carry model Tor
pricing futures dorsards contracts an storable commoditios within o
partial cquilibrivm fromework, The moaodel connects the Tatures Teved
of the spread tor chanuees thereint with the cash omarket level tor
changes thereine boimplios thieds in perfecthy Tunctioning markets, there
should he complete snmulumeins between the Tutires wond cash spreads
soothat new inlormation disseminuting into the market place will be
immediately reflected in the cash and fatures prices of cach metal tand
acenrdinglv into the cashand futares spreadsi. However, oning to lower
vosts ol (l“lns.‘n'iing i hutorees markets than cash markets, inereased
Hnsneid leverage opportuniies, and case of short selling, futures narket
participants ey be situated to respond to news aftecting precious
metals prices g more dvnamie fashion: Because o this imperfect
substtotabiliny of cash and fatures markets. trading by information cand
noise’ can be undertahen more Trequenth i the Totures market then
is possible i the cash murkets Tnotoras Tutuares prices may move Tirst,
follonved by cish marhet prices. Indeed. these are some of the argaments
provided to msuiy the importance of the price discoveny rode served
Futures markets, This differontial speed of response of the two markets
would inotarn wive vise tooa lead T straetare that s predominantls
intuenced by the ditferens msttutronal charscteristios of both markets:
or, alternatselvs by the extent of differential market imperfectons i
both the cash and fitires muarketss v stronger Tead from cash-to-Tutiares
s ol however imconcenables for cash prices nd their recent changess

represent part of the information set osed by futures traders, Chuanges
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in cash prices may subsequently induce changes in futures prices, thus
giving rise to a tendeney ol futures price changes (o fayg price changes
in the cash market. These timing issues are Ffundamentally empirical.

v central feature of this study's attempt to madel the gold - silver
cash and Tutures spreads is o presumption that the conditioning in-
formation set used by cconomically rational traders 1o form optinul
conditional forecasts of the alternatively defined gold-silver cash and

futures spreads includes not andy historical changes in the futures spread

but also historical changes in the cash market spread. Furthermore, if

the 1)!“('L‘i(lllh metals cash and Tutures markets are mter-finked f')} the
forces of arbitrage. as they should be in i reasonablv efficient market,
army divergence between the actual and the theoretically Tair value of
the spread should exhibit mean-reverting behavior, which is additiond
information that is eseful for forecasting purposes. This stady should
therefore provide results that extend the previously reported evidence
on the potential Tor dailv profitable arbitrage in the precious metals
markets,

This study uses relatively new statistical techniques to investigate
the intertemporal behavior and predictability of the gold - silver cash and
lutares spreads. Several methodologica] ssues are addressed. The firat
isstie concerns the integration prapertios of the data. More specilically.
stationarity tests are conducted tor cach of the three spread series.
Stationarity tests are of particular importance Tor at least two reasons:
(iv the statistical theory underbving modern tinme series analysis relies on
the assumplion of covarance stationarity, an assumption that is, mere
olten than not foand o be violated in many financial and cconomic time
series: and i stationarity is a requirernent with important ;nudcfil}g -
plications when solving for expected values under rational expectations.
A failure to account Tor stochastic trends in the data risks misspecifving
the model, can serioush affect the estimated dynamics, and has critical
implications for forecasting.”

A second issue, which s closely related 1o the first, is whether

the gold —silver cash and Tetures spreads are cointegrated, which s

addressed using technigues that are now Lmiliar from the theory of

cointegrated processes af Engle and Granger ¢198750 This is important
because, if the two s;)rc;lds HENN L‘Uintcgmh.’d, there is a statistical

pavot! from emploving o broader information set that inclades not

uchermore, batluee o deconnt for ot e b thoy aee presont o vhe datae badidines

comvenional «atstical mferences and npotheses oan becanse Granper and SNewbolds 01974

well docimened spurious regression phennongon s obinsned
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onlv historical realizatons of the cashoand fatures spreads but also.
potentialle, the historical mean-reverting tendencies created by the
forces of arbitrave i the precious metals cash and fatures markets,
Althoueh cach sevivs Giken individuallh may be s martingale sequence,
amy pair ol cointegrated series may be so related that the component
sevies will not deift imfinitels apart over times and o linear combmation
may prove to he forecastable. Consequently, o finding of cointegration
A0 the cashoand futures .‘»pr(‘;l(i\ would have impurlill&% CONNCUHenRCes
for the proper H{‘l(‘(‘iii(ﬂ;tiﬁ()ii andd statistical tosting i)i‘i){'L‘(hil‘t‘% to (_‘!np!{;}
when modeling the cashoand Tuteres spread <eries. When a forecasting
model is used 10 poject sueh thne series. o vector autoregressive
model in differences s mappropriate because this model will suifer
misspecilication, am potentially important tongrun reletion between
the variables will he obscured, and Torecasts o the component series
will diverge. B ocointearation s admitted, the so-called vector error
correction Tonmulution can be estimated Tor the cash and futures \Pl'(‘atd
and terated forard on o periodic basis to gencrate multistep forecasts
of the changes in the spreads, using ol past duta prior 10 cach fore-
cast origln,

A thivd ssue pertains o the temporal hebavior of the forecastmg
muodel’s paremeters. Since torecasts are made conditional on the esti-
mated parnmeters, the precision ol the torecasts will be governed in
part by the extent to which the postalned beluvior of the forecisting
models parameters comeides with the obsened movements in these
parameters. Since there is no theoretical rattonale to presume that mar-
ket participants” reaction lunctions are temporally Tised, o Torecasting
madel with time varving parameters CIVPE s also estimuted, and the
accuracy of it forecasts is compared with that of forecasts generated In
adined coetlicient thC i forecast maodel The performamce of the arhitrage
strfegy s thes é.‘msiimi‘(‘i? for both models.

o found that tading results e HRely 1o be sensitne 1o the
particular definition of the spread. Results from a varieny of statistical
tests suegest treating the fogarithm of cach spread series as the sum
of a permanent component and a4 stationan mean reverting transitorn
predictable component within an crror correction framevork, Trading
profits that are positive on o pro-transactions eost basis become losses
on o post-transactions cost basis il the assumed Tevel of transactions
costs in the cash and Tutures markets surpasses o breakoven level of
alwrut 57 on the combined gold and silver positions (corresponding o
an average percentage cont of around 0087 of the mosample mean

of gold and silver privest, Fradine results are obtained from erativels
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reestimating appropriately specilicd error-correction models over @ hold-
out trading sample of about four vears in length. To facilitate reasonable
comparability with carlier studies, o variety ol simple moving average
trading rules are also introduced. Moving iverage trading results indicate
that i the moving average rules are predicated on the Mlevels™ of the
spread series (constrained and unconstramed. and with and without
neutral bandl, estreme losses are realized over the hold-out sample,
a finding that s hardly sarprising given the non-stationary character
of the empirical distributions of the levels of the spread. Additionally,
il the moving average rules are applicd to the first differenced series
ol the constrained spread. and regardless of the width of the neutral
band. extreme losses are still realized. a result which reflects on the
repercussions of imposimg potentiady spurions coellicient restrictions on
the bivariate distribution of gold and sitver teash and futures) prices. On
the other hand. emploving the moving average rule on the differenced
series ol the unconstrained spread vields prolits Tor the wider- but
not the narrower-band alternatises of the trading rule. Furthermore,
these profits appear to be “excess” prolits in the sense that they do not
merely represent compensation for sustematic risk inherent in the spread
position. In fact, any rish seems to he totally diversifiable within o stock
index portfolio context. However, transactions costs should he carefully
considered before such strategies can be implemented.

The remainder of the article is organized as follows. First, a brief
review ol related rescarch s presented. followed by a model Tinking
the tutures and cash gold - silver spreads under the assumptions of no
transactions costs and no tevess Fhen the article hricfly reviews the
integration and cointegration tests used in the study, and pursues the
formulation of an appropriate forecasting model and then deseribes the
data, the forecasting strateoy and the simuolated trading stratepy, Finally,

the results are presented, and o commary of the major findines.

REVIEW OF PREVIOUS STUDIES

Several carlier studies hive exarmamed the profitabilisy of arbitrage trading
involving the precious metads. Mo (19853 examined the potential for
arbitrage profits Trom spreading between gold wnd silver cash prices
between 1972 and 19840 Using daily Tondon alternoon lixing price
guotes lor gold and silver, the author assamed a stationary autoregressive
process ol order () Tor the gold silver cash parity tor constrained
spreadt which was inverted 1o its moving wverage representation. Using

alternative Iil;_{ R[)L‘L‘i[‘!'L'kll'?Hﬂ\ ol e omoving average model, an exv-ante
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cquilibrium parity was generated and compared 1o the current actual
parity fevels As ong as the actual paritv fell within some postatated
conlidence hounds around the predicted parity, no trading action was
triggered, I the current parity penctrated cither the upper or the
lower honnd, an appropriate trading action that imvolved buving the
underpriced metal and selling 1the overpriced metal was triggered. By
perturbing the widith of the confidence interval tnumber of standard
deviations around the ex-ante parityd and the moving average order,
Ma detected evamte arbitrage profic opportunities. which were then
interpreted as evidence of weak-form inefficieney. Ma and Soenen
(H98ST replicated the carlier study using dath COMEN Tutures prices
for gold and silver from 1976~ 986, Signdicant arbitrage profits were
found from spreading the gold  silver Tutures parity on a daily basis,

Monroe and Cohn 119860 examined the pricing efficiency ol the
gold Tutures market relative 1o the Treasury hill foteres market by
formulating an intacommoditg spread in gold tutures coupled with
position in F-bill Tutures: To the extent that prices for dilferent delivery
dates on the gold contract should rellect some interest vate that s
closelv relited to the il rate fas o nreasure of the opportunity cost of
storing goldr. gold fatures prices should exhibic o well-defined relation
with T-bill tutures prices in equilibrivim, The aathors demonserated thar
potential arbitrage profits could be made by using trading rules tha
eaplait observed disequilibria i the gold and T2bill Tutures markets

Arelated study abthough it does not divecth address the gold - silver
spread trading ssues is that of Chun and Maoontain (79880 The au-
thors examined rthe releionship hevween the gold and silver cash
markets usimg weell prices for vold and silver quoted a0 Toronto
from 19801953 Assaming an aduptive expectations framework, they
estimated e uneonstrnned vector auturegressive model 1o identils
causality and predicubilite of gobd and «ilver cash prices. Their resufes
indicate not only & simultancous relation between price changes in the
godd and silver cashnnrhets but also that o feedback causal relationship
relinhlv existed, implving some forecastabilite of subsequent precious
metieds prices.

A stods thae cvamined the temporal behavior of poce movemenis
i the spot and futures markets Tor cold and silcers as well as other
storable commoditios, v that of Garbade and Sither (198240 The
proposcd o simoltencons dvnamie maodel o the spivit of & bivariate
vector attorezressive model inwhich the interrelatonship between spot
and Tutares prices depends on the elusticitn of supph of arbitrage

capital. The supply elsticny of arbitrage capital was inturm prosumed
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to be constrained by market imperfections. When the aathors compared
COMEN futures opening prices for gold and stlier withe their cash
muarrket counterparts, the cash markets appeared 1o be the locus of
price discovery. On the other hand, when COMEN closing prices were

compared with cash market prices the reverse was observed.

THE MODEL

The Theoretical Price Relation
In the absence of transactions costs and taxes, a no-arbitrage relation
linking futures to cash prices ol storable commodities is the familiar
cost of carrv model” This model, when customized o price futures
contracts on gold and silver, vields:

oo = Copexpletl = 0] and T, -2 O expls(h - 1]

where 1, and O oare, respectivelys the Tutures and cash prices for

m

vold qunt(‘d at t,oand Fooand O are. samifarky, futures and cash

prices Tor silver quoted at 10 The exponents o and » are. respectively,

=

continuoush compounded net marginal carrving costs ol storing wold
and silver from the present. £ 1o some Tuture delivery date, 10 so that
ki tis the time remaining o expiration of cach fatures contract.

The et marginal costs of carrve ¢ oand so consist of the Tollowing

components under the assumption that cach component s paid out
at o known and constant continuously compounded rate: ) o marginal
auatlay Tor storage and insurance, Gl a margingd interest cost reflecting
the opportunity cost ol owning a non=—interest-bearing stock of gobd or
silver rather than alternative interest bearing assets, and (it o marginal
comvenience vicld representing the monetary vilue acoruimg from, for
example. avoiding costly changes in production schedules wnd potential
loss of sales arising from possible shortages of the precious metal on

hand.” In such frictionless markets. arbitrage prolits arise whenever

e argned Infarbade e Sither cEos200 e vost ol Carre misdel of eqalibrivgs one arbitrge
Patures praces somuach more appropriate Do priciay deterred tutures comtracts on precions nictils,
mcomparsen to other storahle commodities focavareens of reasons Bt s tions and storape
conds dot precns ctabs cre rebaivels dow when compared to othor commodities Seonned precions
Fietale o b eastls wold short, Thid there s me b loss heterozencing in the debiverable oradd
thust coin beoased Lo satisds o shert futures position,

s penerafl assomed for precions mesadsothat the margnad cost et storgc and ssmanee and the
marginal comventience vield are offsetting s that thewr et onpact wondd be negligeble compired o
Hae msarginal interest vt Porthermore, Deregone interost cosds oo the imtil marpem deposit mas
L smmied veghpibde hecnee wital ores nas be posted an dhe forme of Trevsors Todls or other
Frgh prade margimable secorties instead of casho b the caboe of the deposited seconiwes exeends

LAY RIS
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actual Tutures prices diverge from their theoretical Fair value estimates,
Thus, there s tendeney for the two prices to stay close together.
With transactions costs, however, futures prices will floctoate within
a band around the theoretical value without representing o potential
profit opportunity,

Fahing the natoval logarithim of the random variables in the above

cquations vields:

ol I, 0 ot it i1

;”}li
E O R (T | 1} L2
Define anew variable Py dn T, dg o In b where Py

might be termed the gold - silver tatares spread tor futures parity . where
thy represents the long run average value ol gold Tutures prices, and ¢,
is some proportiomality coctlicien that is not necessardy constrained to
cqual unity so that the tao metals need not he regarded as perfecth
substitutables. The spread variable, which is written as any unconstrained
linear combintion ol the two futares prices, s obtamed by subtracting

tg < #odn b, Trom both sides of equ 011 <o thar,

Poo- It o= i o dn b oy dn Oy - iy = 1 In b
wootlo- g (3}

Substiteting ea. 20 into the BITS o e 3 one obtains:

Do Co ity it Oy = sl == ot 1

fn O oy In O+ e = ol f 41

(N1
Py, et TARS R B it
sothut P72 Pooo g e H et £r = 0 muost hold 1o provent arhi-

trage. Tago rdai may be regarded as o simple no-arbiteage model Tinking
the Putures wold silver spread ¢, 1 to the cash spread 107,00 Tovalues
the Tutures spread as o forvard spread, thereby tunoring the possible

Phie st o dhie Busod dorie s T ronmd eip commissionen b cashod Bitares seirkets i

Eatyvas oty on stk prig ey
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pricing consequences of daily setdement rish on the futares price in
a stochastic interest rate setting. The Tink ineqe tha) will be enforeed
|)}' the actions of arbitrageors. For, il the actial Futures ‘\])ri‘;i({ deviates
from the theoretical futures spread by an amount exceedimg transactions

costs (in the absence of any visk premiume, arbitrage will ocear,

The Theoretical Change-in-the-Spread Relation

A dlear implication of the theoretical relation in eq. it is that cansation
is not indicated, and that only contemporaneous price adjustments in
both markets are possible, In other words, conditional on eq. tdat being
correct, exclusion restrictions on lead and Lavged values of the cash
and futures spreads should hold at stringent signiticance levels when an
empirtcal version of eq. i is estimated,

The theoretical change in the spread can be similarly derived by
lagging eq. (i one period o vield cqo (550 then subtracting eq. (51
from eq. t4at to vield eq. i

Po Poo -ty - dyaid foe (51
and
RY L AP, Lo s ()

where A refers o the first dilterence: Pyoand P ares respectivebs,
the futares and cash gni(] silver hpi‘t';ld.\: and the Last term denotes the
dilTerential cost of carrv weichied by the proportionality scalar ¢ Some
ol the implications o eq. 60 are: (0 the change i the futares spread
is contemporancoush perfectly positively correlated with the change in
the cashospread: din the expeeted rate of change i the cash spread
is cqual to the espected rate of change in the futares spread plos the
weighted differential cost of carnv and i the standard deciation of
the change in the futares spread equals that of the change mothe cash
spread tunder a constimt dilferential cost ol carm assumptiont. Given
market imperfections, however, the observed spread-chamnge velation will
he noisv. Furthermore, if there are cost incentives Tor economic agents
to prefer tramsacting in one market over the othersa lead Tag relation

between changes in the Hutures-cash sprv.‘lds iv Jikedy,

INTEGRATION AND COINTEGRATION TESTS

fis Lairhy well established that the presence ol o unit root in the

levels representation of, for example. the eold - sibver cash tor futares:
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spread  series constitutes a necessary thut not sufficienty condition
for the unpredictabilin: of cither spread series, 1 the additional
condition that increments of the spread are seriallv uncorrelated
with zero mean and constant variance is verified, the change in the
spread is unlorecastable, so that either spread series is a martingale
sequence tor g subonartingate in the presence of o paositive drift,
On the other hand. seriallv correlated variations in the spread may

imph prediceability, and this prediciable varistion may be modeled by

univariate ARIMA Class of models. or the more compley multivariate
transfer dunction maodelss Such models do tairly well in o short-
rather than o long-term forecasting context. Therelore, long and
short-term forecasts would he aecommodated usuallv by constructing
different maodels covering dilferent forecast horizons. Although there
would be asingle dita gencrating process, the Tong- and short-term
moedels can be theught of as approvimating different parts of this
generating process,

An alternative modefing procedure is to resort to the theory ol
cointegrated processes: emploving an error correction framework that
combines the short- and long-term models by incorporating, simultanc-
ouslv short- and fmg-termy dynamies. Pherefore, Torecasts that impose
the cointegrating restriction should outperform Torecasts that ignore
this information. Since a ncecessary thut not suflicienty condition for
two series (o be cointegrated s that they be integrated of the same
arder. cointegration tests proceed alter tests for w comman order of
tntegration. Forthermore, hecanse o natural comntegrating partner to
the cash duturest golds silver spread is the fatures tcashy spread.
predictabiling of the cash and Tutures spreads may be enhanced by en-
dogenizing both series within an crrov-correcting sestem il coimtegration
is admitted.

From a purely empiricel view, observed high correlations among the
levels of financial or cconomic tme series are characteristic ol data tha
potentialls could he comtegrated, even i cach of the sertes s mtegrated
ol order 1 denoted ol This discussion is based on Pagle and Granger
CLOST and Granger (1988

Two sequences of raadom variables are said 10 be cointeerated il
v cach is nonsstationany in the fevel representation fee cach contaims a
unit root or g stochastic trend?, ti cach s stationary in tirst dilferences
<o that cach series is Bl and i there evits o linear combination
ol the two variables that sttionars or integrated of arder sero. The

ceonomee interpretation of such o relatonship is that the two variables
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tend o wander over time without returning to a constant mean, but
cconomic forces do not allow the series to wander apart permanently,
Usual tests Tor cointegration proceed in two steps. First, the indi-
vidual series are tested for a comman order of integration. I the series
are integrated ol the same order, pairwise lincar combinations are then

tested {or stationarity (cointearation ).

Univariate Tests for Unit Roots

This section s concerned with the presence of @ unit root in the
logarithmic tevels representation of cach of the gold - silver cash and fu-
tures spreads. This discussion is motivated by considering the following

autorcgressive model of the gold - silver cash (funarest spread:
’.); ,u ..... [JEP! | ;\‘[) B t){ t l‘..). ["]

with | denoting the cash spread. and 2 denoting the futures spread.
Both spreads are expressed i natural fogarithms at time & g i the
Jong-run value of the spread, and ¢; - N1O, 7} is the error term and s
independent of past values of P2 I this model. the long-run hehavior

of the spread is critically dependent on the value of the autaregressive

coellicient po IO < p < B the spread is stable so that anv deviation
(P} w0 from the Tong-run value would shrink over subscequent periods.

O the other hand, in the presence of o unit root in the logarithmic
level representation ol the e»;n’cu(l‘ the Autoreyressive coetficient 14 uquuls
unity, and deviations therefore have no tendency 10 shrink so that, in
effect, o stable gold=silver spread does not exist”

To wvoid imposing a priort spurious coctficient restrictions when
estimating the Tevel of the spread. the following log: log regressions are

estimated:”

mib.,=a+ Bnt, + Py, and
o . 1

InC,, = a + g'InC P, (8

soothat Py o dn b, e 4 B led)and P, Inc,, - (o +
B C o where Pyyoand Py denoter respectively, the historical

fietures aned cash levels of the unconstrained }_:Ul(l silver sprcu{l. and

A noie thit o direet nuplication of & oo oo i dhe Jevet repnesentation of the spread s tha
pobd aned sibver price sequences are noncemntearaned
Y1 is readily seen thar the ser of CyuETIOns B LS proy ies the doparithnne lovels of fotures vand

casli spreads. respectively
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other variables are as defined carlier. This delinition of the spread s to
he contrasted svith the alternative “parin” definition, which constrains
the intercept and proportionality coelticient hetween the two metals
prices. Finallv, becaise gold and sibver cash tand futuresy prices are
treated as being jointh endogenous, and because o teast squares i ol a
reverse regression will not simply give the reciprocal of the coctiicient
i dorward regression, the unconstrained cash and Tutures seres of the
stlver—gold spread are estimated by reversing the THS - REES sariibles
designations and reestimating the set o e (80 im0 log-loy Torm.
Another wav o put it is that i gold and silver cash tor Tutures) prices
do not exhibit sinvilur unconditional valatifities, the slope cocflicients in
the forward and reverse regressions will not equalize.

Although the integration and  cointegration properties ol the
forward and reverse defintions of the cash cnd futurest spreads
should remam unchaneed, outcomes of the trading strateey may not.
Because a published series of the spread s not readilh avasduble o
market participants, o gold silver spread is not oniquely defined !
Furthermeore, constraining the fone-ran proportionaliny. coclficiont on
relutive prices to one, when the true vadue is oot one, is a classical
problem of measurement error that jeopardizes Torecast quadite, in the
sense of conditional unbiasedness and elliciencs, Therefore, another
wav o view the unconstrained  definition of the gold-siher cash
Gand Tuturesy spreads given in the set of egs. 187 08 that least squares
estimation. as o data transformation procedure, is applied 1o the cold and
silver cash tand futarest price series. Delined as such, changes in the
vadoe ol the gold- silver spread are nothing but changes in the price of
gold net ol scaled changes in the price of silver. Sinee the trading strategy

“Uonsider by {\:l!:éi?if’ that the et pold cond o utires prive st Sehilooy while

the wurrent sdver price st socas 1 ane denotes the canndrained speead as the vabue of e

pald wilver spread mder et constrant impesed oo the satercept wnd Lhe proportionalin

corBioent i othe or ob e N wlade the wnconstrained spread o desored as the valae of the
spreadd in the absence s sicl o ceestraing, then, for evample, the following twe lowarithme Butares
spreinds e possibler G constraned e e oo P i b Lo pE it auS il
i urmonstonned G g s 0 P o 1 P I b 0% o actaal rather

thiun prisEr Cotysiraned paarmete valuess Fakitne antdogs. th posprevtive salues o the cnnstnuned

arnd nncansteained spreads arc P and se T The @ proportionabin coelBivient o this Grse
be veterred toas g orose iedee clsticns coctBioent Now s assame thar peu poriods gold price o
SO0 whide et period’s silver priceas Sh 1y, crefles g o pereitage appreciatin bor gobd

of O8N ad an ApprcCiation rite for wibver of BoT0 L ad b tha the sate of price hange

Yor silver iowsaadb e solanbe dhioan thay for w CHothe same parineters are prpeeed ot e |
i~ l!%na(' A e ii::‘ Eﬂiéu\\!l!g: Taver et \,iéii«‘\ fer 1iu- \iHE‘w“‘i\Hi‘ig i I INEIRET 3 ms“:.i \i’!E’EIiE'\
are ultained 0 constraiied spresd unudogs b QOIS Lo o pereentige Jappe of 0 G820 qod o
une ensdrained sprecd Gentdogs i 37 03 bar a porcentage clumee of 5310 Beciruse this trading
strategy o prodicasted onprediteble changes mo e spread aliernatnee definitians of the spread

could potentiahe tigpen didferenn hoe

stpnads T the e s fivtals.
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adopted in this article is based entirely on "net” predictable changes in
the spread, and becavse there is o assurance that the alternative
detinitions of the gold=silver spread would vield identical buy—sell
signads on a dav-to-diny basis, there is i@ need 1o examine the potential
for arbitrage profits predicated on cach of the three spread series,

The null hypothesis tested inoeqe (70 1s that o 10 which s not
testable using conventional statistical inference lm']miqut's." Fhus,
unit root tests hased vpon the methods of Faller (19761 and Dickey
and Fuller (19797 are conducted. The Augmented Dickey Fuller {ADE)
test is used on the following regression: '

H
AP g b e BP0 Y APy, ()
[

wtis  the

where AP] = pPr- Pl and AP - Pl - I

number of fugs of AP which s arbivrarily <ot o a masimum order of

i

4. and 1 is @ linear time trend. The empirical percentiles of the statistic
for testing Ty B0 0 are tabaolated in buller [119763, Table 8.5.2.
poo 3431 and are improved apon by MacKinmon (991 o vield more
precise critical values for any finite sample size. Muackinnon's eritical

vihiues are used in this simi_\‘H

Tests for Cointegration

ver —gold spreads, the so-called comtegrating regression linking the levels

ol the spreads is estimated as:

Pro=a s bR 2y L

Poyowd o Py s (10

e well known that the osual ¢test s inappropriate here beciase under the nall hapothieas of
a it root, the sariance o the spread is indinne.

e Augamented Dickey Falless O teat i used to acesunt Tor possible temporally dependemt
atid heterogeneoushy disobuted eerores This procedure < amvmprotivath equividen o the Phiffips
and Perron s 19ss pests which alse accotmes o the note-dependent snd identicalls distribited
imids processes. Porthenmore, o trend tenn s indoded o the madel s allon the aliernatine
hvpothesis o be trendestationunty, Note that b b orders s constrained toozero this o simph
the Dhohes  Foller st

Fler's tabulated oritivad valoes wee based onal mes 1000 rephicatione ol Mante Carla
simahations. and thes are providied Tor o Bienited nonbier of Ginite sample szes. On the other
Band, Mackinnon's critiend valiues are bised on 23000 replications using alternative sample sizes
Anvnptotic critical salues corresponding 1o am Binite sample size o be computed vasih using the
thadiied coctlicients of the estimated response surtiuce regressions at the 195, 35 and 1075 Jevelds,
[he estimated oritical values are goven b ge - g7 bs Aol where B denotes estinrated
asvmiptotie eritical value, wnd geoand @5 are coeflicients in the response surface regression which

adpist dor samiphe size
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and the residuals ¢, and 20 are recovered and are subjected to the
usaal unit root tests using the AD-testing equation as shown in eq. (90
Cointegrating regressions represent the long-teem equilibriom relation-
ship between the variables in the regressions while the cointegrating,
error terms =, and 27 are measures of (Iiwqui]ii)r%u;n.54 Rejecting the
null hvpothesis of 4 unit root in these residuals tmplies that the vanables
in the regression are coimtegrated. H o the residuals ineqs. 0100 and
T are stationary, then Iy (Jr;:n;z,vr‘s representation theorem El".lsgh'
and Granger (198717 the {ollowing crror correction representations are

estimated: with o constant included to caplure am secudar deift in cither

Series:
i
AP e vtz 0 D B AP
I
iV
S BLAPL e Ik
F i)
$H
—\Pr{ ?"/H }IE(:-I ! E! - Z“’JJAP(.! i
il
1
= >l AP e (1la
g4
where 2, = Py ta + LIP3 tLTn
and
"

v
A;.c'}‘!}f.ﬁ 7 !’.; : (12
[
4
AP i Yitnooh Z(Sfa'—\f):‘.{ i
[
i
Z(\S;,f‘lf}f teg T ";_,, vl
;o kb
swhere 2 Pl s b (12

e need o estimate Do comtcuating repressions mstead ol one stems from the non uiiguensss
of the paronerers Fasentadls et sgoares Bir ol o reverse comegrating regression il not simpls
wive the recipracal of the cocthicient moa Torvard coimtegrating regression. This is <o even though
i lenst SLEAECS Fit Errmuhw aovonsitent ostimete of the comtegratmg porameter fsee D agle and

Copennger = [9sT
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The error correction mechanism implies a long-run fincar relation-
ship between the futares and the cash spread levels, Past deviations
trom the long-run cquilibrivm values of the respective spreads lead
to current partial corrections, which are uscful in generating ex-ante
predicted changes in the spreads. Furthermore, beeanse historical values
of the cash tand fintures) spreads appear in the error correction models
together with past equilibrivim error terms, the predicting error correc-
tion models employ a bhroader information set that encompasses not only
historical cash prices of both metals, but also historical futures prices.
Therefore, improved forecast performance in the form ol lower mean
square prediction errors ol the dependent variable is likely. Finally, the
unconstrained definition of the spread imposes the asymptotically “true”
proportionality coclficient on the predicting crror correction equation so
that the final error correcting models are bised on consistent estimates

ol this coctficient.

DATA, FORECAST STRATEGY, AND
SIMULATED TRADING STRATEGY

Lhe data are (b dailv gold and silver cash prices covering the period
between January 1982, and July 1992, as supplicd by Flandy and Harman
in New Yorks and (i dailv gold and silver futures settlement prices
of nearby-evpiration gold and silver futures contracts traded on the
CONMIEN as reported in the Wall Street Joural over the some pcréud.';

To examine the potential Tor profitable ex-unte arbitrage opportu-
nitics in the cash and futures gold - silver spreads, conditional torecasts
ol the spreads are required which raises several issues of concern. The
first is the determination of o suitable Torecast horizon, which s taken
to be one week long. A decision needs 1o be made about how often the
forecasting model should be reestimated to update the parameters. A
daily forecast horizon seems unduly restrictive, computationally burden-
some, and too expensive to typily the practice of a trader who s likely to
estimate o forecasting maodel onby once over a saitably defined forecast
period. On the other hand, o longer forecast horizon, such as one month,
may be too aptimistic about the stability ol a trader’s reaction function
to changes in the variables viewed as influencing the spread.

Scvond, one must decide whether 1o use multistep- or one step-
ahicad forecasts. This article uses o one week multistep-ahead fore-

cast because it is simpler and less computationally demanding, as

PGald Bitreres contracts started teading on the COMEN i 1975 while silver Tutures contracts

e been taded on the same osebanue since 1963
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well s not being necessandy inferior to one step-ahead forecasts Jsee
Swams and Schinase (198910 Therefore, the Torecasting strategy in-
volves estimating the parameters ol adequately specilied error correc-
tion models for the gold silver cash and Tutures spreads only onee
from obsernvations o the estimation peried, which are then ased to
form one weck-ahead mohtistep forccasts using actual realizations ol
all explunatory vartables in the Torecast period. The model s rees-
timated every five observations by appending the latest five obaer-
vations o the estimation period so that the information set used
e forecasting s hased onoan creasig sequence o historical e
alizations of the spread seres. This procedure is utilized repeatedh
until the entwe data set is evhausted. The first estimation period s
tthen to be January 1952 throngh June 19880 and the first fore-
cast horizon spans the first week i Julv 1988, and <o on. Both
lived and time varving parameter versions of the Torecasting models
arve trivd.

Becuuse estimated error vorrecting models are used (o generate
ex-ante values of the gold —silver spread teash and Tucures it is impor-
tant 1o consider o fow ssues that many jeopardize forecast qualdits, The
first problem arvises because the error correction models are specitied
to inchide contemporaneons vadues of the endogenous varbles which
introduces simuftaneity into the estination process, making parameter
estimites biased and inconsistent and  potentiallh inefficient in the
presence of cross cquation crror correlation. Ta overcome this problem.
prairs of error correction cquations are estimated using three-stage least
sqpaares instrumentad variables estimation, with instruments taken as
fitted values generated from adequately specilicd ABINIA maodels of the
endogenons varisbles However, because the implications darccasting,
trading, and arbitrage deman from estimating error correction models
ustng the instrumental variable methodology are conditioned by the
choice ot the particubir instrument. the madels are respecified 1o
include different instruments. More specificallv, expected chunges in
the cashand futures spreads are generated rom three alternative moving
averages: g two-week moving average, a one month moving average. and
@ two-month MOVIRG v erage [{‘nrn'\pnn(“ng 1o the !\piui? expiration
avele ol wold Tutures contractsi. While numerous variations of the
moving average role are possibles only o few simple ones are used. A
moving average tule was used inoprevious studies of the gold - silver
parity by Ma 0198355 and Ma and Soenen 1198550 A moving average of
historical realizations is used as a proxy for expectations o i} capture

information about trends of varving lenaths in the expected change series
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and it simplify estimation, thereby aveiding the need to augiment the
svstem ol error correction models with auilian equations describing
expectiations formation as part of the system. A presumption, needed to
justify the use of the moving mverage representation in price changes,
is that the stationarity requirement is more than likely satisfied in first
dilferences truther than levels). To evaluate the forecasting performance

of each alternative instrument. the mean squared Torecast error tVISE)

criterion is emploved, and s computed as Tollows, given n-pairs of

'()l'{'l‘;l‘-‘. S : and correspondinge actuat viiues b o : chinges in HS
i ts (f) and pending actuad values €40 of ching 1l

(.'('.l.‘sil llIl(.I f'ulur(‘s \P[‘(.‘lidhi

MSE = Db, = Apiin
[

To establish the dominance of one moving averiue instrument over the
basic instrument (generated rom an ARINA modeD under the mean
squared error criterton, the difference, 13;0in the squared forecust errors
gencrated when emploving the hasic instrument versus a moving average

mstrament, is computed for cach of the cash and futures spreads as:
£, =, - VT s = ALY

where 1Y s the dilference for the it spread = 1 20 8 and 1,
rvspvvihcly. refer to Torecasted values Tor the ith sprc‘ul using the busic
instruoment (1 and a Mmoving average instrament (25 Tnstroment 1 is

judged o eutperform instrument 2 i the mean of these differences is

negative and statisticallv significant ot the 3% levell The appropriate
tesl s two-tailed 1 otest
For Turther insight into the Torecasting performance ol cacl in-

strument. the MSE corresponding to cach instrument is decompaosed

into three components, cach of which represents o particular tpe of

forccast crror [ Theil (19711

3 y

MSE, i A+ (o a7 20 - phery oy

where (1, A,) and (o L b are, respectively, the mcans and standard
deviations of the forecast and actual series. and (1 is the correlation
coeflicient between the lorecasted and actual changes m the ith spreads.
Fhe first term s called the bias component, the second is a measure
of incfficiency, and the third measures the error due to impertect

corrclation trandom noise).
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Fach component can be normalized for case of comparability by

dividing through by the NS

Bias proportion: L Mo i - (YRFAYINE
Inefficiency proportion: U oy = 417 NS

Covariance proportion: L - 200 pherger NS

The second difficulny concerns potential heteroskedasticity m the
error correction model’s residuals, which maoy lessen the model’s fore-

" Conditional serial-heteroshedasticity is checked as

casting ;ll)i?il}\.!
ing the Ljung Box chissquare west on the autocorrelation function of
squared residuals.

The third problem pertains 1o potential autocorrelation i the error
terms, A L ung - Boy test is applicd on the antocorrelation fonction of
the residhinals becanse the Barbin - AVatson test cannot be used 1o test
Tor serialh correlated eroes due to the presence of Tngoed endogenous
variables an the BHS of cach equation, the Duarbin rotest lacks power:
and it g test only for Tirst-order serial correlation.

The remuiming problem concerns possible varimtion over timie
in the error correction model parameters, Because forecasts are
made conditional on the estimated parameless. failure 1o intm*ﬁmz‘;;i(‘
nformation contained in the temporal behavior of the parameters
mav increase Torecast error varance and jeopardize forecast gual-
itv. Therelore, as o lirst stepe a0 Farley Thinich test of parameter
stabifity is conducted. T ois postulated  that those parameters that
are suspected ol temporal mstabilin follow g siimple determin
istic lincar time trend process. 10 the sl hvpothesis of coelti-
cient stability is rejected. this information s meorporated into the
[orecasting model.”

I the forecasting model indicates o positve predicted change o the

cold silver spread. o long position in gold 15 established coupled with

PN amerares stivdies v foned that mien Pl v series odbabit conditions] Tereroshoeduas
Gty This i often inorpreted fo be dae cahey v the st process of aesss wlhuch esiiline
Chompiress o to the geadiad nnihet tesponse to nows Such o sntoregressine conditional bet
croshedastio by elfecte, hewever e el 1o T more p:mas:muci! shiens nsing Disher fregienos
dila, rather thaa il

iili\‘ (SRR INE SR TN T AN O R !Ii;i‘;\ ‘i‘\ HE E\ totariilinisgic EEIH‘A’ Téiﬂl_' !f{‘\ﬂh!‘u\"‘ EH ;W.!\i\lf it 5!]‘.' HE!;\ E’“‘\‘H)‘(’
rernporal bebaoor Bathe thas beloves s postolaed oo s the siphest to made ] Mucnative

derermisiic or stochsin PE eSO TR Foginiie o seataly stodhy of then own
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short position in silver.'™ Likewise, il the forecasted change in the spread
is negative, a reverse strategy is established in each metal; that s, gold s
shorted and silver is purchased. Once a position is open, il the Torecast
for the subsequent change in the spread is non-negative, an open long
position is maintained. In the case ol @ negative predicied change, an
open short position would be maintained also. These positions are closed
out one din before expiration and a shilt occurs in the next nearby

contract on the expiration dav ol the previous contract.

EMPIRICAL RESULTS

Cross-Correlations Between Alternative
Measures of the Spread

To get u teel for how close the alternative delinitions of the precious
metals spreads are (o cach other, their in-sample cross-correlations

are computed. These results are presented in Table T First, note tha

highly cross-correlated with a pairwise correlation coelficient of 0,995,
Similarly, the unconstrained gold silver cash and Tutares spreads are
highlv cross-correlated with o correlation coefficient of (1,993, Both
results suppest that the cash and Tutures markets are well linked by
arbitrageurs who trade precious metals in both markets. Second. the
constrained and unconstrained gold silver cash spreads are modestly
cross-correlated with a coelficient of 0,370, This sugeests that o trading
strategy based on the gold - silver cash spread would vield results that are
sensitive to the way the spread is defined. A similar observation holds
for trading strategies predicated on the gold - silver futures spread. With
i crass-correlation cocflicient of (0376 between the constrained and
unconstrained futures spreads, the performance of the trading strategy
is also likely 1o be affected by the particular constraings imposed on the
jomt distribution of gold and silver futures prices. Third, the empirical

cross-correlation between the unconstrained gold —silver Tutures spread

T Prectrs metals can be sobd shor in the Cash nrket, todecd, there exmts n cash nuoket i New
York tor the borrosding of gobd and siber for delivery against short sades Toce Garbsde and Silber
Pam2i e i sibver i tairty or :mdrs-;n wed relatinve te s ‘t‘(;{nii:i)l'ﬂ;llﬂ valtee, g short silver
position waontd sall be recommended. This i so hevanse it the expected pariny vxceeds the Gurvem
parity . then the extent ol umfvl-pru ing of gold i probabh stronger thaa the degree ol undo priving
i silver socthar speculative risheanadpusted protits mas silt be loched i, Just s anarbitragenr who
sperilates ot subsequent movements in the pold silver spread is more concerned with the change
wr the gobd sibver differenoad than with the dumge i the price of cach metall cuch considered
separately s the mstie ol the extent of mispricing in cach preces metal tehen separatels <loukd noy

he of promary concern i this contet
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TABLE |

Sample Cross-Correlations hetween Logarithme Levels of Conctrained and

Lnconstrined Cash and Tutures Gald = Silver and Sibver—Gaold Spreads

Sample Peried: Jan, 1952 Jul. 19492

> P | e P gl
f=3 10000
10,0000
25 0.9980 1 G000
' 006 {0 6000
I 0376 0a743 © 0000
(000013 {000 (G G000
=5 04764 03766 0.9935 L0000
(00001 {0000 10 0001 10 O000;
= 3 9964 09944 0.4525 04622 10000
0,000 1 (G007 {0000 10 G001 {0000
o {3 9951 (9970 0.44738 0146 09979 10000
' (00001 {0007 {0.0001 {00001 {0 DO 13 D000)
Notes

lAncar

RS vanablos

fonghe s

Nadgatve

o ity

Lot AT Lnnonsln

wl BUnes S

rhegh wAarice lvels

Al W s ration

Goaeny B al e rEing e LD ang

v - 0.452, while the correlation hetween the unconstrained gold silver
futures spread and the unconstrained  sibver-gold futures sproad s
=~ 0446, OF course. in the constrained version of the spread, the cross:
correlation hetween the gold  silver spread and the sifver gold spread
teash or futurest should be negative unity, becanse one series is simply
the rt‘t‘ipmcul of the other, These results are gfsncr;_al%} suppm'!i\‘t‘ of the
need 1o examine alternative definitions of the preciots metals spread

when searching for evamte prolitable arbitrage opportunities.

Time Series Properties of the Alternative Spreads

Table T presents the empirical autocorrelation estimates {or the alter
native spreads Tor fags | othrough 60 using both the logarithmic level
as well as the logarithmic Tiest difference of each spread. The Tevels
of the alternative series are highly autocorrelated. The smallest of the
siv autocorrelation coctficients in any one series is 09700 Naturally,
the gurestion ol whether cach series follows a sLalinnin stochastic
process depends on the rate of decay of the autocorrelation function,

because it is the Tatness of the autocoreelations. not just their level, that
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TABLE I
Sample Autocorrclation Coctlicients of Logaridhmie Tevels and
Fogarithmic First Differences of Constrained and Unconstrained
Cash and Futieres Gold Silver and Silver Gold Spreads
Sample Perods Jan. 1952 Jul, 1962

Autncorrelation Cocfficivine Duily
: Pirng - Box Standard Sawmple

Spread Series ri [ ri 4 r3 ris Stulistic {heviation Siwe
P 3 908 (.998 0.994 09493 0.591 1986 9049% 9 0.8561 25496
ey LA 0078 G029 0.038 0021 [SRIARS) 0032 25 7o 00134 2585
P,", 997 0.995 £.9493 {091 0940 0.988 9995 9° 1 1880 2586
F".“r P,‘.f . 0263 0.052 0013 3002 gme 0032 21503 0.0204 2505
Pe. .995 .99 13.987 983 097G 0975 9949 9 31035 2596
P_{.'_f ISR 0109 0.024 {.028 {0.003%9 SRTRE] 0006 349157 00102 26895
=5 3.990 04986 asd 97y £ 074 970 4999 o0 01041 2586
PR, G231 0066 0028 0023 0001 0037 155807 0.0140 2595
995 0.991 987 1 an3 0arg 0975 aggg o 01038 2546

: F’;..e‘.' , 0095 0.025 2.029 {034 0019 o027 33 042 0.01738 2HN5
P; ,” 0.990 G.a8hr 0.982 0877 D074 D970 Buug g 01845 2596
P\E = . 0.282 G.062 0020 0.008 0.007 G.008 244 72 0.0211 2595

Notos
Soe footngtes i Table | for alermative delinminesg of e sooends

Lpursgg - Bex Stabstc st o ool nypotfioss 11 HE gangh oore
different from zero. The fesl statishic s distibuted as a - vanawe
Asyrmplotic stangard errors for the autocosrelation coeficients fakon ndaduaily can
of the recp of the number of sbservations (e - 00186 for 0%
serial oorn absereation SUowhiers L ficst rfferences

IEnG

akenomily sy 1o the Bt fag are msigoiticantiy

aurees of freedom egua 1o the nunber of lags

1 he approamated as the sgisare ront
Wy under Ihe null hypothase of zerg

¥ abervahic

e al the 170 lowet

signilics the presence of an autoregressive root close to or eyl to unity,
Mso presented in Fable T are the first sin autocorrelations of the first
diflerences of cach series. As observed. the first differences are much
less autocorrelated than the Tevels, and they exhibit rapid decav. Al First-
ditference series demonstrate negative lirst-order serial correlations that
are reliably different from zero at conventional significance levels.
While the antocorrelations in Table T suggest that most of the se-
ries contain a unit root, the autocorrelations do not pi‘mid{r a lormal test.
Therefore, Table 1 presents the Dickey Taller (DF) and Augmented
Dickey Fuller tADEY test results of the null hyvpothesis of a single unit
root in the levels representation ol cach spread series. The specilications
of the DE and ADF-tests are given according (o ¢q. (9. Becuuse a time
trend termis included in the model, the alternative hypothesis is that

these vartables follow a stationary process taround a deterministic time
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TABLE Il
Tests for A Unit Boof in the Togarithmic {evels of Constrained amd
Lunconsiraned Cash and Fotares Gald - Sibver and Silver Gold Spreads
Sample Period: Jano TU82 - Jul. 1992

Pariny P AD Y2 Vi s Vi 4
P, 2712 2414 2448 252 2.452
Pl 3369 3228 3044 2946 -2 905
3324 3108 3170 3091 31019
P 3106 2 U 2581 2533 2454
P 1348 07 3114 354 2952
u‘fi 3342 Go1gd 3065 20846 2876

o Digriy Fulier ardd Acgreenied Dokey Falle st for Und Rools On
1 Mackinnng |

T e and

A ovaluees arc

abfamod Giinwg o meth hservatonsy orlical
SYAURE RSN ; cal values aptly for both tests
Numbers appeanng o parenineses next o DF and ADF magialo e numter of ingaed wermginciuded i the Testnyg eg (9

Tapse 3 For the b sample p

VLS

trend s s shown, all test statisties are well belos the 19, and even the

3%, critical values so that the null hvpothesis of a single unit root i< not

rejected for any of the series.!™ This suggests that fiest differencing is
adequate o vender cach series stationary,

Cointegration test results are presented in Table IV for alternative
lincar combinations of the cash and futures spreads. The null hypothesis
of noncointegration is abwins reliably rejected at better than the 1%
signilicance level, suggesting that lincar combmations of the cash and
futares spreads examined are mdeed cointegrated.

The cointegrating regression parameters are also presented. The
OIS estimates (@, B are generally verv close 10 (0, 1. Unfortunistely,
the usual 1 test that the slope is unity is not applicable because of
non-stationarity in the levels of each series, which biases and renders
inconsistent the estimated standard crrors of the parameters. Given that
pairs of cash and futures spreads appear to form a cointegrated system.
aptimally specified error correction models (EOMY are estimated. The

optimal specilication of the ECA entails w decision about the appro-

PN precautsiany step, Pachey Faller sond augmented Bichey Podier tests {or two amit roots
abse conducted by regressing the second ditferences in cach series against the lageed Fiest ddforonces
aupriented by up o three Bgged sodues of the second differences o The test resolis suggest rejection
of the noil Bnpothess of seo unit roots for hoth the constrained aad gnconstrained cas by and futores
spreauds with admast complete contidence. Sialih s Dichey Panala 1957 tope wests tar three
then two then one winit ool are rim, el the results are also sapportive of one unit roat being
prresent i the levels of cach weries. These resulis are not rt'ptlrh'ti but are avatkable from the wthors

Hipen F\‘C;l!l“-!
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TABLE IV
Cointegration Test Results for Constrained and
Unconstrained Pairs of Cash and Futures Spreads
Sample Period: fan. 1982 Jul 1992

Spread Series DI ADF D2 ADE 3 A4
P& Pl a7 581! 26 741" 219310 19 240% 18 349
P&, a7 649 26 803 21 9E4¢ 19 290" 18 402¢
Cointegrating Begression Conttevrating Hegrewion
C.0027 - 0E33 RN - 2l Pr,ooo o 0GH 1003 P, -z,
B - 0096 DW 1411 5, - (1294 A 0096 DW 1414 b - 02003
PYL& P 40 BO3" 28 509° 21 3090 19 545¢ 17 76"
PI& P, 41.030° 28 738" 215720 19 7467 17 9187
Cotntesrating Regression Cuintesrating Regression
PRI, = 42E 16 - 0987 PF, - 2L, = FA6E 16 - 1999 P, - £l
R 0887 DW - 19566 . 0217 A 0087 DW - 157554, 0212
o g pry 38 662 27 534" 22 0437 103617 183107
P P 38.754° 27 B1y” 211t 19,434 18.366"
Cointegrating Bevresson Cointegrating Regressian
PS905E 16 - DG9Ba P 27, P QQAE 16 - 1003 P s 2l
RY - 0996 DW 1464 4, - 0268 A D996 DW - 1467 4y o 0267
NOMe s

OF and ADF are «espectvely. Dickey Fuiler and Augmented Dickey Fullor tests for Unit floots Crtical vaduis are shtaimed
following e method i Mackinnen (1991 Tabie {13 Fa the

FOETD O 31 By and 3I2EB (107 These cnlical viluEs apply o Dot Tesis
Numbers appoanng i parenthesas next 1o DE and ADF owheate the ngmbes of ia
o (9)
DW s Durten Watsar Statiste
Pans of Spreads appeanng andern the panty eolumn ate e
second tern s the RHS vanabie wa contegratmg regres
COenoies statshedl signifieance at the 19 fevel

I simpie: pened (587 observabons) cnbcal values are

Jedd s ancluded in the jeshng

fed suuh hat the st tera s the |LHS vanalte while the
TS TR )

<1501 anyoly SHTRES

priate lay orders of the LTS variables, which are determined using

Akaike’s Final Prediction Lrror (FPL) criterion. ™ The Tag distribution

“he Dind Prediction Frror (FPEY is defined as the casviipiot s mean syoared prediction crrer

FPL iy, 1oy, v
where 1y s the predictor of Y Naihe 21965 defines the estimate of the FPL e

A ,
[ TR | " " - }__1\5 Yol

ne » |
where neand s determine the optimal Lig orders g two vrable cquation svstem, e Birst rerm
o the BUS of the equaliny s o meastre of estimation erren, and the seeond term s mcasare
ol madeling or specitication error 111 reflecrs aradestt between bias, when o boaer Lig arder
wodel sosefected e inehoivioy . when o hicher order i chosen B hoosing the smalless TP

sprectdivation
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is truncated initially 1o four bhgs because there is lintde reason to believe

that Tonger lags would be warranted when using daily data!
Error Correction Model Fstimates

Four optimally specilicd crror correction regressions are performed for
cach pair of cash and Tutures spread series. These alternative speciti-
cations are based on forward and reverse representations of Foule and
Grangers [T987 1 cointearating regressions. bach parr of error-correcting
cquations that use the same cointegrating regression error series s
ointh estimated using three stage least squares. To save space. only the
results Tor the constrained and unconstrained gold - silver spreads are

presented in Table v for the minimum FPE ervor correction models.

TABLE V
Theee Seage 1 east Squares bstimates of the Freor Correction Madels «FON Tor
Constrained and Unconsrained Cashoand Tatarees Gold - Sibver Spreads
Sample Poriod: Jan. 19520 ol 102

Puseed v U sstrained CGold Silver T otires wond O asls Q;:wmﬁ

tobagaed Fulures Prionmg Shooks as Door Conecting Mechamsm

ECMT ML v s o N AR Nnar, o
(3 000% N oo
(950 EE-TRRE Cney
ECM2 AP, 50 v a AP e
Where 2 Ly g B
0 0006 0 3606 RRY. 0008 0 38y 0095 0 (a2
T TR ST T CsAn] G2 E4T (S50 (32300

Systen-Weghted B 0 7081 Systerm-Weighted MSEL 0 825

2 Lagged Casn Prnong Shooks as brror Corre

FOM3: AP, o - oweg, . S s, &),
00001 (598 0233 f1e 0033
0247 0 20083 1 Badn [ Hpea 1363
LOME AP . ol g2l &
Whaete 27, P, L - BIPD
00002 G127 0043 1.562 ney 0058

0TER

& 601 0077
System-Weightea A 0 7090 System-Weightod MSL 0779
cinbirned

i {7 RTT {4535

SHecanse there are two carisbdes anthe BHS of cach cooor correctuon equunon, theps are 3
possible chodces for each eqoadion Phesfore, o veduce the compaiational burden, Tlaao’s 2 1s
secquential estinttion procedure s Tolfowed. 4 series of over fitog Foreses are sdso conducted 1o

ensirre specitication idequacs
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TABLE V {Continued)

Punel B Uneonstrained Gold - Silver Eutures and Ol Spreads

—

ECM& APT, 4

Lagged Fulwes Pricing Shocks as Error Correcting Mecharmsm

BOMS AP v vals o 0 RS - S plaRT L e
0 00001 0632 0091 0776 0079

(- 0.007; (242147 {4357 (315137 2ad)ye

oo AP - Y LAPT, el

Where 2. - FPF, @ - bR

0 0000 0461 G100 U577 0.078

10,0000 { 26 236) { 6129 (32282 (Hak7y
System-Weighted AT 0.785 System-Weighled MSE- 0 707

H

2 Lagged Cash Prnioing Shocks as Error Correcting Mechamsm
EGM7: AR, w - vars - S a.AP LAPE s et
G.000G 0871 0276 6216 0.078 0780 0270 02
{06001 [ 34.476)° 1 904917 8057V 1 3774 (32asU B Urdy (7 28
ECME. 3PT. - et o a AR, - S AP, e,
Where 77, . - PY, L qa - BP0
0.0000 (3.430 0.128 .66 0.108 0039
100001 ¢o21.501 ¢ G 4ss” (31821 (S 90 {2 785"
NGIeS

suparscopls © and godently respectively, the constramed and unaonstranest spreads

Sufiscnpts
Foand 17 stenons,

Denotes sigitnance at

and fodenbiy . raspechvely e cashoand b R RIS

speclivedy. GO - siver and silver g

s cls

Pancl A contains the results for the constrained gold  sibver cash
and futures spreads tparitiesy. The models BN and 1OM2 are
estimated jointhy, using lagged futures eguilibrivm pricing errors as error
correction terms, while FONM3 and FOMA ulso jointly estimated, use
the cash equilibrivm pricing errors as the error correction mechanisn.
The error correction coeflicients serve two purposes: to identify the
dircction of the causal relation hetween changes in the spot and futures
spreads and to indicate the speed with which disequilibria are corrected
by short-rum adjustments in the FHS variables. For example, FOMT has
the interpretation that changes in the constrained lutures spread, AP

cand AP

are due to both short-run elfects from lagged values of AP,
and to fast ;)criudk futures cointegrating errors ffrom the comnteriting
regressiond that represent adjustments to long-run equilibrivm. 1 the
error correction coefficient is small or statistically insignificant, then

APY has ditde wendeney o adjust to correct a disequilibrivm situation;
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thirs most of the adjustments may be accomplished through subsequent
in FONM2

An enamvnation of the estimates of error correction models FOMI

adiustments in the cash spread APF
through FEOM4 reveals several iteresting results. First, deviations of
gold and silver cash prices trom theie equilibrivm salues trigger stronger
subseguent adjostments o futures prices than do deviations of futures
prices with respect to cash prices. More specitically, the coellicient y,
in FOAMZ of —0.595 is almost twice the magnitude ol the coelficient
yi ol —03%6 in LOM2. Fhis suggests that about 607 of the gap or
deviation from the equilibrium value of the constrained wold - silver
cash spread s amended cach day through adjustments i gold--sibver

Fietures markets. On the other hand, ahout 407 of the deviations from

within o din through subsequent adjustments o the wold - silver cash
spread. Phese results are consistent with the trimsactions cost advantage
ol Tutures over the cash market and are also suggestive ol o potential
causal ordering between the two markets. Pricing shocks in the cash
market dppear to be relatively more influential than priving shocks in
the Tutares markets.

Second, the cash and Futures H])r'(’;t(i'- exhibit ‘\H‘)SL‘(IHL‘HI ndju.ﬂ-
ments in response 1o their own pricing diseqguilibria. The coelTicient
vioin FOMT is =486, and the coctlicient v in LONME s - 0434,
which can also be interpreted as evidence of mean reversion in the
futares market that s more pronounced than in the cash market.
Third. the contemporancous cocllicients m FONT-ECM4 are close
to thut statistically ditferent fromy unity. indicating that. although
the cash and futures markers are terrelated on o predominantly
instantancous hasis. some delaved adjustments also relishlv prevail.
Indecd. the cocllicients on the one-day Tagged changes in the cash
andd Tutares spreads across the four models are alwans statistically
significant at the 7 level In o some cases the coellicients on the two-
d;.i_\‘ ngg{.'ti changes in the cash and Tutures spnuul.‘s are also xlgéii.\li(_‘u”j\
siunificont. Lagaed Tutures-to-cash and cosh-to-Tuures internctions are
senerdthv of similar maenitudes, sugeesting that feedback exists between
the twe markets, Farthermore, inear restrictions tusing an £-test? on
onc-und two-din Ligeed cocfficients are rejected with alimost complete
certainty, providing supporting evidence of the statistical significance
ol lagged interactions. The inssample it ol the models s impressive,
with o goodness-of-lic 7 measure o about .71 Panel B presents
the parameter estinuttes of the four cerror correction models for daily

changes m the unconstramed gold silver cash and Tutures spreads. The
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results imply conclusions very similar to those obtained from panel AL
The ervor correction models FOMS though FCMS for the unconstrained
gold-silver cash and futures spreads demonstrate better in-sample [it,
with an 11 statistic of .78 for FOMA and ECMo, and 0.801 for FOMT
and ECMS. To ensure proper specification of the error-correction
muodels. @ variety of standard diagnostic tests are applied to the residuals
and their squared values tresalts not reportedi. The evidenee is broadly
consistent with model ;ld('qu;lc_\'.

Toinvestigate the extent to which the instrioment choice aflects the

forecast performance of the estimated error correction models. Table VI

reports forecast performance results, together with a decomposition of

the MSE statistics associated with using three moving average instru-
mental vartables. Results are shown Tor ervor correction models FON
through FONS. carresponding to the constrained und unconstrained
cash and Tutures gold-silver spreads. Several interesting lindings are
revealed. Firstoan ARINIY instrument appears to have consistently pro-
duced Tower MSE across all FOMs when compared to other moving
average instroments. Lyvidence abont the statistical significance of this
difterential forecast performance is shown in panel C. Indeed. fitted
values from an ARIMACE T E maodel for cach of the cash and futures
constrained and unconstrained spreads ouperform a two-month moving
average rule. This superior perfarmance is statistically significant at the
0.017 level. On the other hand. from a statistical significance viewpomt,
an ARDMA instrument appears to produce forecasts of the same qualin
as those proaduced bva tvosweek or wone-month moving werage rule,
None of the dilferences i squared residoals are statistically significant
at any reasonable Tevel, save one case.

lo shed more Tight on the performance of cach instrument.,
Panels A and B present evidence about the decomposition of the
MSE statistics into their three components. The bias proportion,
UM s anindication of systematic eeror, it s hoped that CY s
cose o seros The variunce tnellicieneys proportion, U, indicates
the abiling of the instrument 1o replicate the degree ol variabilits in
the variable of interests it is hupmf that £ is close 1o sero also.
Finallv . the covarance proportion, UYL measures the random or
tnsasteniatic error component of the total forecast error. Tdealls, this
proportion would be close to 1. Once more, the results suggest that an
ARV instrument does just as welll il not better than the alternative
moving average mstruments, Given these findings, all reported resulis
are based on estimating and simubating fonsard FOMs with ARINMA

instruments. The question then naturally arises: Can incorporating an
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error correction mechanisim together with the observed lagged miterac-

tions he exploited to generate ex-ante arbitrage profits?

Test of Parameter Stability

The purpose of this study s 1o see swhether o statistical model that s
consistent with the empirical regularities 0 the data could profitably
exploit the sertal and cross-dependencies in the series. The study does
not seek o identilfy an “optimal” forecasting moded o trading strategy
that is capable of masimizing profits at any rvisk levell An additional
complevitv is introduced into the analvsis, that isorecognition ol possible
movements in the error correction models” underhving paraieters.
Fhere are several reasons why the coefficients mav change over
time, Fiest, even il the explimatony sariables capture all imformation
used by rraders, there v no reason 1o beliese that information s
ased i the siome wine over all tme periods. Second. hecause there iy
wide diversity of participants in the precious nietals merkets tindividual
traders, and public and private institutionsy, i is ditficult 1w argue

wold and

that cach participant would react to developments that affect
silver prices according to o temporatly stuble fived coclficient reaction
function, cven il one is willing 1o assame that participants’ reaction
functions are cross-sectonallhy identical at @y point in time. Third,
because Torecasts o changes in the spread are made condivonal on
the estinuted paimeters, Torecast qualits, man be improved by relasing
the assumption of fived cocllicients,

Therelore, Tor example, the first error correction model FONT iy
evtended as follows 1o allow for @ink‘ail‘!_\' el (i('l(‘;‘mini.\‘téi'.‘llij\ trv;)di;]\u

PEH';HH(‘H*E"»

AN L (I -V O B Zb’;.f-\f’m ‘
¢}

DIIRRRVENNED WWIRRVE

CNTRT AP, AP

vy is statisticallhy signibicantdy ditferent Trom zero, the error correc-

ton coetficient o declared thme sarving, Likewise, if the coctficients

H ‘ £ B . -
By G 8 By we statsuealle sigmlicant then cach exhibits o

deterministic fincar trend.
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Fest results are presented in Lable VIT where onlyv the estimates
of the newly created coellicients Gor example, in EOMIL these are
yi. Bi ¢y oand B8 and their i-statistics are reported.?? Panel A
presents results for the constrained gold - sibver spread (parity) while
panel B presents the results Tor the unconstrained gold - silver spread.
Results Tor the unconstrained silver gold spread are not reported in
the interest of brevity, but reflect qualitatively the same conclusions.
As iy apparent. almost all models exhibit trending behavior i the error
correction coctficients, albeit with different signs, Some coellicients are
trending upwards over time while some are trending downwards. An
upward trend shows that correction responses of & particular market
teash or futures) are strengthening over time, whereas a downward trend
reflects o weakening response. Some ol the coeflicients representing
bagged interactions in "own” marhet as well as across the two markets
tcash and Tuturest exhibit similar time-trending tendencies. Having
detected coefticient instability over time, this additional information is

incorporated into the lorecasting models,

TABLE VIl
Farlev Hinich Test For Parameter Stabilin

Poveed N Constratued Casle and Tutnres Gold Stlver Sproeads Daritios:

Viariable [ NGRS ooy RSB NS
T4, GOD7HI3 451" 0000431 2 8ash- Q000750 3351 O 000042 789)
T-AFP, . 00003 1 A07 O 0DUABIZ 535y 0000440 1929 0 000382 43
T AP G000 11D 00000140 428} Q00001 0138 {1 000440 398
T AP, . 000000 0167 QU007 101 [SRAE ISR 0000020 0 a7
ToAP, DaoDor 1.112) G.O0003¢ 13 GO000T 87T O 000010 O 55

Panel B Unconstraied Ok and Fatioes Gold Siloer Spredids
[T 1O M oy 0 VS
Iz 000094 (4 0947 0000060 34 2687 QO0G10 4037 OOON0T 4 2ay)
I APy O 00067 3080)° GO000%E3 576)7 (000060 203 0 00G0513.5204
APy, 00000210142y 0000000 7010 O.00001 30149 0000010 6444
ToARPT. 0006004 2 302 GO00021 1 318) Q000047 2 292y G.000021 1 341
[ YA (.00001/0.242) O O000D 235 O00001{0 224 GO0 DT
pestveiy s statalsia gl anee ab e sich .

focanc the resalts ] conn lasion Troen estiating crror corres fon twede b woitogn tie
teending coctbiciens S Lable Ve esentindh onchanged when appending tiae trend termes Hisobar

as veror corrections and contemporanenos ol Boged titerctons e concerneds ondy e

indornration concernime the estioies ol the newly creared voctlicre s are repaorted.
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Out-of-Sample it and Forecast Evaluation

\s mentioned earlier, the forecast seratesy calls for senerating one week
multistep forecasts of the spread. This resulis in 207 weckhy forecast
|)m'im§.\. To account Yor the fact that some of the parameters are nog
constant over time, the minimum FPE error correction models are
extended o inclade Gme trend terms. as pl‘miuusl} demaonstrated in
the Farley - Hintch test. Presumuably, the predictable parameter hehavior
prevides uselul information for updating the Torecasts.

I judging the aceuraey of forecasts generated by fived versus
time-vaning paramcter versions of the competing miimune I'PE error
correction models, three crror statistics are nsed: mwean forecast error
ML mcan shsolute forecast errar TR and root mean square error

ERNISE L as Tollows

N bl
N (] :’\EZ (AP:' ” u:\.fj;‘g_m}
v b |
\‘ > )
MALL - (13N E(M’Z.;-m 31’;_,,,1,!)\
TR BTV

. CL |
BAISEY J{I_’%.\}Z dar, w;,,,,,;,)‘l

-

where AP s the daih t L2 Siorecasted change m the joh
spread 07 - 120 30with 1 denoting the constrained gold - silver spread.

2 denoting the anconstrained gold- silver spread, and 3 denoting the

unconstrained silver gold spready Tor the ith market G 1020 with
denoting the cash market, and 2 denoting the futares markety, Ny the
vumber ol weeklv Torecast periods, wd thus SN is the oumber of dailv
forccists. Far space considerations. Table VI contains the forecast
error statistios for onh the constrained and vnconstrained gold silver
sproads.

Several observations are warranted, Vivst there is i tendency Tora
time-vaming parioncter version to owtperform u fixed coelficient version
ol the Torecastime maodel This is bardh sarprising since fess time vanving
parameters are detected, and this addivonal information is incorporated
into the forecasting pmuwfm'au"g Scecond. a predictive error correction
maodel of For examples the change in the constrained gold - silver futores

3

Lo ) . i .
Odbnens e enhier tnchuran all sarving joramcter meadels tod alin b o ramdon coetBoients aeadded

! i T i 1 . el 1,
I el s sad e o b sfpnaine i i@s%g)ﬂii\!s:i‘:ssw:\i Goabdphe dutosirats e diear treind maide| LEEERN

ared s lefr o Turare reseanch
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TABLE VI
Out-of Sample Porecast Frror Statistics

Panel \: Comstrained Cashoand Fatnres Gold - Silver Spreads Panities.

PO 002 INORY FOAS
Statistic ¢ e NS v 1 IR e nre
ME 0057 0053 S L0336 0031 0030 0 036G 0024 0030
MAE (.800 0730 .60O0 0520 0 8O0 0 6R4 0600 06G0
HAMSE {2a0 P OB0 200 0.800 1280 0860 .903 09065

Ponel B Uneonstrained Casle wnd Fatiees Gald - Silver Sprosad

FOVS PO M AT [RERTE

He IR i v [N np e ve

ME 3,050 6,050 - 024 0022 023 [ERERR] 001G o017
MAE 05349 530 0414 0410 531 {14349 0 404 £ 302
RMSE [OREIND] £ H94 0.629 061 0905 865 0628 0594
Notes
Al nurmibeTs iikpieg Dy 100

O and TVE

ME ches

All grrot mies

% e

borespiitivaly fepd
g erred MAE

dress e cuangted

};p;\';id that uses iugg(‘d e‘qui[i]n‘inm priving ervors in the cash spread as
the error correcting mechanism (ECM 3 does hetter in predictions than
one that uses "own™ lagged equilibrivm pricing errors tie.in the futures
spread as the error correeting mechanism (ECN T parameters are al-
lowed to vars, By the sume token. a predictive model of changes in the
cash spread that conditions such prediction on fagged equilibrivm pric-
ing errors in the Tutures spread (EONM2 will outperform one that uses
“own’ fagged pricing ereors as the error correction mechanism (ECM4s
when parameters ares somifarly, allovwed o vary, This is a clear mani-
Festation of: 1y the mimportance of considering the behavioral Tinkages
between the cash and fatures markets Tor precious metals; and tii the
henedit of moeorparating additional information about the intertemporal
behavior of the parameters into o (orecasting model. Similar obserations

can be made based on the results s pancl B,

Simulated Trading Results

Table IN reports trading profits generated by acting on out-ol-<ample
predicted changes in the daily precions metal spread Tor a Tew selected
error correction models exhibiting the hest in-sample Tic Trading profits

e f'l‘[)“l‘[{‘[§ in ii(l|§;ll' terms for H?]I} ”1(‘ (‘Hl]\“‘ili”(‘{% éillti Lll!(‘t!li.‘\il'al‘lh‘(‘

743



744

Wahab, Cohn, and Lashgari

TABLE 1X
Cumulative Dellar Trading Besults Based on Selected Prror Correction Maodels o
Constrained and Uinconstrained Cashoand Putures Gold - Silver Spreads
Frading Period: Tuly 10 1988 Julv 350 1992

Cromtranned Godd  Sifver \;!wmf Uneonntrained {iald - SNifves "\'g'r‘«'mj
[ A IS foar
{ outtract i mwr It e i iy e Ty
August 1988 A2 $104 318551 574 S170
Oclober 1988 126 (16 13451 [Py 510
Degombe: 1988 2 10T (708 494 1135
February 19849 345 22 285 005) $1390)
Aprid 1984 19 315 33 75
June 1984 394 70 5150 159
Avgust 1OBY {28713 185 (404 {11353
Dictober H T 41{} 296 BHO
December [ 11820 (10E9) 1545
Fabruary 270 115 {400 474 (040
April 1586 iHl] 645 10y (1365)
June {306 {15 jSI8 5] (549401 1290
August 19490 L78 Ptk 2303 105
Cotober 190 THE 162 1105 H573 (365}
December 1940 {120 (90 34 410 {155 {460
Feabruary 149t (1EEA SRR {228 1665 243 10
Apnl 1aut (191 (245) PaV a7 (431 05
Jung 1607 (141 (5051 2% {75 (360 (10718 560
August 1991 <n A1 41 {25} 41 520
Octaber 19491 (4243 el 124 a0 1500 {115
Decamber 1991 (a2 il i8¢ Gdh (367 (845
Fabruary 1097 09 Hd (285 270 390
A 1449 H3Z i i1ah ke {395) {1355
June 1992 (746 T i 100 150 1540
Total 5621 F10314 33220
Sul Deay 5103 BEOT Si58 5143 S193%
Mot
T VATV H] BATAMONGE Srrot anrreching

aold  sibver cash and futares spreads based on trading, alwavs in the
nearby Tutures contract for liquadiny considerations. Details of trading
resudts for the vnconstrained sibver gold cash and Tutares spreads are
nat reported but are aviilable upon request.

Betare reporting these results. tao additdonal observations are worth
noting, Firstcalthough gold Tutares contracts traded o the COMEN ox-
pirn.‘ i‘(*;:ixi;ir?_\ oo bimonthilv basiss silver Tatores contracts traded on
the same exchunge exhibit an frregnlar expiration eveles Tor example.
Between Julv 1988 and the end of Jub 19920 24 nearby gold Tutures

contracts were traded. while onlv 20 nearby futores contracts on sibver
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were traded over the sume Torecast period. Durning this time period the
expiration ovele of silver futures varied between quarterlv and bimonthly
expiration [requencies. Thercfore. since gold futures expire more fre-
quenthy relative to sibver futures, and since gold and silver positions have
to be established simultancously, the trading strategy is anchored o the
vold futures expration avele. Second, because the protitability of trad-
ing the precious metal spread in the cash market is also investigated,
these results are also reparted on a bimonthly hasis corresponding to
the gold futures expiration cycle so as to make the trading results fairly
comparable. Because o COMEX lutures contract on gold calls for deliv-
erv ol 100 trov ounces of gold while a silver fatures contract traded on
the same exchange calls for delivery ol 5000 ounces of silver, daily dol-
lar prolits tor lossest on the combined position, for the case ol positive

predicted changes in the spread. are computed as follows:
SProfit = LLO0O = (), o ¢ b v SOHS, | - 5

where G and S, reler 10 gold and siber prices at time f, rt's]wc%i\‘vl\'.
On the other hand, Tor o negatise pi‘uiéclcd change in the spread. the

dailv change in wealth over period tis computed as follows:
SProfit = [100 % (G, | = () + 300008, ~ S, i}

Lhe results are presented in Lable IN onca contract-by-contract basis for
selection error correction models hased on the fived coellicient (FC) and
time-vanving parameter VP sersions ol these models, Additionally,
floses are presented on a pre-tax and pre-transactions cost basis. As
shown in Table XD gross profits and losses occur trom one contracet to
the nest, and vary depending on the spread that is being traded and
the ilmlcr!}islg HSSLIMPLIO DS about the inl(‘rl(.‘mpnml bhehavior of the
parameters. These figures assume only one contract of cach maturity
is traded in cach transaction for cither gold or silver.

Trading based on the constrained gold silver spread generated the
lowest gross profits, albeit with the lowest rishy as mensured by the
standard deviation of daily changes mowealth, For example, trading
based on ervor correction model FOM20 which generates predicted
changes in the constrained gold silver cash spread. resulted in o gross
prolit across the entive fourvear period of S621 on the combined
gold and silver positions. 1t s also readily wpparent that allowing for
cocflivients 1o vary over time does improve forecasting performunce:
profits doabled with no increment o the daily standard deviation of

{.‘EI;HU_{(“\ i the traders wealth, On the other hand. the error correction
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model FOMA which venerates predicted changes in the constrained
gold - silver futures spread. indicates gross trading profits over the entire
period of $1296 on the combined position. The lived coclficient version
ol the model suggests higher trading profits can be made, in comparison
to the time-vanving pavametcr version, albeit with w higher level of risk
in daily variation margin Hows. !

Yioevannnation of the resulis g{'il{.'s';gttd from lmdiﬂg strateuy
predicated on error correction models EOMoe and FOMT tosed in
predicting changes in the unconstrained gold - silver cash and futures
spreads. respectivelv s reveals aomore encouraging scenarios Three cony
ments are in order. First, the mwodels do better in {orecasting the
uncenstrained gold  silver cash and futares spreads, rather than their
constradned counterparnts, inan out-of-sample conteat. Gross trading
prolits have more than doubled without doubling the risk fevel involved
in trading the unconstramed spread. Second, o simple allowance for
temporal varition mothe parnoeters Turther improves the tradimg per-
formance of the maodels, Third, trading the unvenstrained gold-sihver
spread i the cash muarket (ECOMar vields similir results o trading
the spread in the Tatures market (DONMT0 ospeciath when trading s
hased o the timesanving porameter versions of the models. Given the
transactions cost advantape of Totures markets, and the case with which
short siles can be established in Fotares markets, this evidence s mdeed
encouraging. burthermore, this result does not come as a surprise given
the cross-correlition results reported carbier Panalls, the results from
ir;adin}: the unconstrained sthver }_:ni(ﬁ sln‘;‘.ui Lot rupn!’l('(h Sguest that
higher profits can be nude by teading the cash spread (D ONTTO) rather
than by tradimg the futares spread (R ON T L Additionalls trading visks
in the form of uncertainty about dailv varation margin Hows are also
the highest among all three alternative definitions of the spread.

To sShed more light on the commomic signilicance of these e
sults, Table N presents freqeeney distributions of the alternative trrding
siunals issued by the selected error correcuon models tar the three
spresad servies. Four trading sionals are possible when <simualtmenush
considering the nuplicotions of the Toreeast strategy together with the
trading strateey. Phese e o) buv gold and short sibver i the predicted
chunge oy the gold «ilver spread is positiver din continue o hold

{

fong position ingobd and o short position in sihver Gl the subsequent

Ton pnan o ssdahie [ertineteris i

verein ol mended fhaat Doreeants e ot constraned

Calersiatee s b tertoation of e bebnnos o meeded
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predicted change in the gold - silver spread s positive, or i negative, is
fess than the transactions costs iz G sell gold and buy silver, therely
reversing the initial position (if the predicted change in the gold =silver
spread is negative s and finally o) continue to hold a short position in

sold coupled with a long position in silver tif the predicted change o the

costs incurred in reversing the previous position|.

Marginal (ransactions costs in the futures marhet are estimated
at $15 for gold and silver futures cantracts per one-way trip, whereas
transactions costs in the cash market are estimated at 530 per trans-
action involving the same amount of gold and silver. Because the
models generate percentage predicted changes in the spread, the dol-
lar transactions cost i transformed to o percentage cost.? Y Sinee there
are two passive signals and two active trading signals. the cconomic
signilicance of the results presented in Table IN can be assessed by
adding ap the lreguencies ol the active trading signals and maltiplving
the sum by the assumed dolliar transactions cost. The resulting figure
can then be compared to the gross doliar profits reported in Tuble 1N to
obtain net profits alter trunsactions costs.

The frequency distributions Tor four possible trading signals are pre-
sented in Table X Tor both the fived coellicient and variable coclticient
versions of the forecasting models. The four trading signals entail tao
“active” buy or sell signals od wnd O and two Tpassive”™ hold signals
(Boand 1D For example, using the Tived coctficient version of EONM2,
the reported frequencies sugaest that over the fonraear forecast hori-

ron, u fong gold - chort sibver tien w long spread) trading signal would
have been issued 134 times tsignal Vawhile o short gold - long silver
tshort spready signal would hise been issucd by the model T8 times
fout of the total of 995 tmes), On the other band, o “hold” signal
ol long gold- short silver would Tove heen issued by the same model
413 times while a “hold™ signal of short gold Tong silver would hine
been given 310 times. Becanse it is the total number of active signals
CA and Oy that determines trunsactions costs, one needs to compare
the dollar cost ol trading based on the total namber of these active
signals with the profit figures reported i Table 1N The economic impls-

cations are clear. The profit resalts shown m Table IN suggest that on oy
S This transbormation is accomphished e folions

L R T L A N A T T

whiere 7o transactions cost, Gy i the gold proce in perioad 1oamd S0 0s the sthoer proce inthe same

perionl
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pre-transactions cost basis. a trader who uses FOM2 in its fived co-
clficient version as the basis for trading the constrained gold—silver
spread in the cash market would realize o dollar profit figure of S621.
Now, il one adds up the number of active trading signals (A and
Cy onderlying the fixed coefflicient version ol BCM20 and multiplies
the sum by $30 per transaction for a Tutures-cquivalent cash market
position in gold and silver, a total cost ol $S8160 is obtained as
result of implementing the model’s trading recommendations. On a
post-transactions cost basis. the reported gross dollar profit of $621
is, therclore, clearly insufficient to cover even a small fraction of the
cost of transacting for the ordinary individual trader, Alternatively, one
can determine a breakeven level of transactions cost hevond which
active trading (hased on the model’s recommendationst would result
in net losses on a post-transactions cost basis. Fssentiallv, the fixed
coellicient version of BOM2 suggests that 272 active trades would have
been issued by the model to a trader who trades the gold silver spread
in the cash market on @ constrained basis (the sum of trading signals
A and O A a total profit Tevel of $621, the breakeven transactions
cost level on the combined gold—«ilver position should not hine ex-
ceeded $2.28 (or less) per transaction to vield zero tor positived trading
profits. On the other hand, the variable coellicient version of LOM2
issucd 304 active trading signals (signals A and ) which enabled
traders to accrue gross profits of $1369 per one futures-cqubalent
position in cach of gold and silver. Therefore, as long as the trader’s
transactions cost on the combined position does not exceed 5430 per
transaction, the reported gross profits many indeed vield positive dollar
profits.

The moral of the story is clear. The reported gross profits are not
necessarily net positive profits unless expected transactions costs fuced
by teader Tall below some hreaheven Tevels At the assumed transactions
cost lesels, the reported gross profits result in net fosses which are
conditioned by both the model nsed 1o generate predicted changes in
the preciotrs metal .s])r(‘aui, and the concommitant lmdin;_{ signuls.

A notable difierence between the results reported under ECM2
and those reported under FONMS s that the number tand therefore.
the percentaget of “active” trading signals issued in the futures marker
(EOM3 is more than double that issued in the cash market. This comes
at the expense of the number of passive “hold” signals (B and D)owhich
ivomuch less when trading the constrained gold <ilver spread in the
futures market rather than in the cash market. Therelore, a model for

trading the precious metals spread in the futures nrhet tssues far more
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active than passive triading signals, whereas o model {or trading the
.‘s])l't‘;l(i in the cash market exhibits a reverse \iglmling pattern.

The evidenee in panels B and C conlirms o similar picture when
considering the gross dollar profits from tading the unconstrained
gold-silver spread rpanel Bioor the unconstrained silver- gold spread
tpanel Crocoupled with the number of active trading signals (signals A
and CroNet profits on a post-transactions cost basis are very difficult
to realize. For oxample, cash market trading hased on the error corree-
ton medel tECMOT of the unconstrnined gold - silver spread generates
302 active signals tfor the FC versiont and 339 active signals tor
the IVE versiont. The respective gross dolliar prolits from Table X0
are clearh nsuflicient 1o vield positive net profits e the assumed
transiactions cost level in the cash murket. By similur reasoning, erading
hased on the unconstrained spread in the fatares market would result
in dollar Tosses on o post-transactions cost basis, even when considering
the Jower costs ol transacting i the Tuteres markets. 10 s worth
noting that the unconstrained gold silver spread allows tor o higher
breakeven fevel of transactions cost thased on the reported gross profits
and resulting Tactive” trading requencies . which in tuen inereases the
chance of realizing positive net profits i comparisan to tradimg based
o predictable changes in the constrined pold silver spread. A similar
interpretation applics o trading the unconstrained silver - gold spread.

Orerall, the simulated trading results suggest that the short-term
memory ohserved wathon and across the two precious metal price series
could probably be esploited 1o generate positive trading prolits on
pre-tav and, myore anportantlv. ona pre transactions cost hasis. On
i post-transactions cost basis, however, positive trading prefits are
not possible tor the ordinan market participant. I Lact the average
breaheven level of transactions cost tarns ot 1o be about 7 per
transaction in the cash or Tatores mackets, which involves one gold
futires and one sibvor futares contact # trading s undertaken in
the futires market, ar their cquivalene it tading is undertaken m the
vash murket. To what eavtont actual transactions costs Taeed by traders
conform with this averaue toure needs o be interpreted I cach trader
contingent on his or her own particalar sitaation.

Farthermore. it should be noted that the trading resolts are predi-
cated on closing prices whenomeactual Lict the forecasted change would
hive to be hased on o price gquoted at least few minutes prior to ¢losing
on the dav of the forecustorigin, Tis swoould be necessary o allow time
lor updating the Torecast and implementing the desired trade. at least

for the Tirst day of cach forecast period.
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In addition, the gross profit ligures are not adjusted for systematic
vish Gl anyy of trading the precious metul spread. In essence, reported
profits may not necessarily represent “exeess” profits il they are simply
a compensation for possible non-diversitiable risk associated with a
precious metals position. To investigate this possibility, the Tollowing
angmented single index market models are estimated for the constrained

iill(l ilE](_'()HRll'ui?'](‘d L'llhi'] klﬂ(l [lllll.ll"t‘.\ s})l'(‘ii(ih:
AP = By = ol = BB, Rpb s el = Biel

where AP/ Ryoand Ry, are the logarithmic Hrse differences ol the
ith spread sevies. Ry is the riskless return on a one-month 1-bill,
and 12, is the return on the S&P 300 indes, £ is o measure ol the
svstematic risk of the ith spread, o is o measure of exeess return,
and a first-order moving average term is included 1o account for short
horizom autocorrelations in the spreads. The regression results are twith

tstatistics in parenthesesh:
AP, o Ry = 000054 - 0006208, — Ryl + e — 0.284€)
(TIN5 1T (-86T6r"

AP, Ry = 000048 4 0002818, - B = e, — 0317,

(55920, 340 (—9. 707y

AP, - Ry = 000057 = 0.00490R,, - By s el = D.08oe,

(377477 0.338) (203807
APY - Ry 000006 5 00034 R, - Ry e el 007Te]

(1433207710 308) (—2.3501"
he statistical signiticance of the coclficients is indicated by LU
or U1 e The intercept terms imph annualized oweess pereentage

retarns of about 1159 (o ubout 165 owith dailv compounding:. The
B coellicients are all statistically msignificant atany reasonable level,
and are ol evtremelv negligible magnitude. Ay risk appears o he
totally idiossnchratio, and thus entirely diversifiable within a stock indes
portlolio conteat. This may not be surprising considering the fact that a
spread position entadls Tong and short positions in the precious metals
so that even il both metals load positively tor negativelvr onto the
market indev, the net sestematic risk ol the spread may be negligible.
Furthermore, these potential excess returns are certainly of 4 much

analler order of magmitude compared to excess returns reported i,
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for example, Na (19851, Emiploving a simple moving average rule. and
depending on the moving average order, Ma reported possible “excess”
returns hetween 1007 1o 147% per vear, over a [3-vear period ending
i U84,

A Simple Trading Rule

This section evaluates the forecasting performance of a simple trading
rude: the moving average rule. This rude is examined for two reusons,
The first is o provide o comparison between trading results generated
from the relativels more complex error correction models and simple
moving average models, 1 similar or soperior trading results can be
obtained from simple moving average decision roles. then the cost
of emploving relatively more complex: modeling procedures may not
he justilied. Sccond, o moving average model was emploved b Ma
198RS and Ma and Soenen (19881 who investigated the profitabilin
ol spreading between gold und silver teash and futures) markets, and
found that substantial profits could be made over the period extending
from the carly seventies through 1986,

An infimite number of variations are possible, and the moving
average rule is often modificd by introducing o band around the moving
average. which reduces the number of active trading signals. In s
simplest form. the moving average rule s expressed as: buy gold -sell
silver il the actnal spread s below the moving average, and vice versa
il the actual spread s ahove the moving average. o neateal band s
imposed. the above rales are madiflicd as follows: buy gold-sell silver i
the actual spread i below the Tower bound. and vice versa it the actual
spread s above the upper bound.

The folowing variations are emploved: 3-dav. o-dav, 7 dav, 28-day,
and H4-din mening averages. Inaddition, the follossing band-widiths are
imposed: sero stundard deviation tearresponding to - sitvation of daily
tradingt. one quarter of o standard deviation, one hafl of a standard
deviation. three quarters of o standard deviction, and one standard
deviation Gl of which correspond to u situation of infrequent trading,
tesults based on o sero stmdard deviation band allow for o comparison
with results obtained from dailv trading hased on eror-correction mocdel
farceasts, while results bised on bands of varving widths allow Tor o
reasonable comparison with the moving average decision rufes emploved
by Mo t1983y and Mo and Socanen (19850 Trading results are hased
on moving averages computed from the lovarithmic levels and first-

ditferences of the constrained and anconstrained cash and Tutures
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spreads, These results are presented in Table X and cover the same
four-vear trading period. To conserve space, results for only the extreme
band-widths (zero and one standard deviation bands) are reported.

[he results in Table X1 are striking, Overwhelmingly, all moving
average rules examined tead 1o cumulative trading losses for the con-
strained gold -~ silver spread, and for the most part, the unconstruined
gold - silver spread as well The onlv exception appears (o be a moving
average model of the fisst-differences of the unconstrained spread. and
onlv il a 1% band around the moving inverage twhich limits the number
of unnecessary tradest is imposed. Camulative profits over the four-vear
period range from $1750-53695 on the spread, depending on the order
of the moving werage. These figures appear to be comparuble to dollar
profits reported in Table IN from trading the unconstrained spread. and
in some cases. they surpass theme Hlowever, one must recall that a
dircet, clean comparison between these profit fisures mav be somewhat
inappropriate given that fligures reported in Table IN correspond to
daily (frequenty trading, while profits shown in Table NE result from

infrequent trading due to the imposition of a confidence band, Also.

TABLE XI
Cumulative Dollar Trading Besults Based on Moving Mwerage
Rules Ter Constrinned and Lnconsiramed Gold Silver Spreads
Trading Period: Julv 10 1985 - July 31, 1992

Panel v Contrained ColdoSilver Spread

b evels b bt Infferesces
¢ rish Fuitures (ot Futhres

Rule 0081 FLOESTY 0S8 LGSTY 00081 FOOsy  hoish) LOosD
MAH) 139 105 7065 134,835 7145 210.085 193 285 187.525 174,505
MAE) 124 965 7465 125410 7090 209 69¢ 187 135 187,470 167 390
MALT) 118 565 7.685 108.805 705 209,465 179 605 186705 163,215
MA28) 74615 5.835 74.435 65,765 199 305 177015 177,245 155 105
MA(44) 460,740 5750 8835 5675 193.600 162 940 173 845 153 825

Posiel 13 U neeonestrabied Gold Sifver ‘sp!'(‘m]
MALS) 177,390 108875 174 505 105 885 172.085 3065 143 965 3145
MA(6) 169 605% 98,715 168.215 95 510 162,925 3465 150 450 3490
MA(T) 165 508 79,805 162.940 85 305 177.925 36495 147,745 3705
MAL28) 113,805 48.215 105885 37.0495 176,395 2835 151.335 2765
WMA(44) 65,810 13.600 65,905 13,445 173 890 1700 153.085 1675
Motes

MA denotes mavs
S0 i stangarg dovigion Tras condrols e width of

O averane. Numbers o0 parenthesas ing

s har

PHE eI AV a0
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although risk issocnted with spreading the precious metals appears to be
totadly diversiliable. it is stll of interest to note that the average standard
deviation associated with the daily profits dosses? generated by the
moving average rules for the unconstramed spread is about $329, which
is more thiny double the i'()ﬂip;!l';!!)l{‘ fé}_{té}‘c that results from acting upon
the error correction model predictions Tor the same spread. This suggests
that the rish-return gradeolt offered by these simple moving average
cales s unattractive. OF course. the higher rish associated with such
moving average models stems Trom the limited tunivariate) mlormation
set that is utilized, On the other hand. the error correction models utilize
a broader dmultivariater information set. potentially resulting in lower

mean square prediction errorss and henee Tower volatifiny of daily flows.

SUMMARY AND CONCLUSIONS

Thiv article examines the relationship between the gold and sibver
cash and Tutures markets using dailv prices with specific interest in
imestigating the intertempaoral dependence and predictabilin of the so
called gold - sifver spread. A no arbitrage musdel linking the cash and
futures markets levelds of the precious metal spread is developed and the
statistical propertios of cach spread series, taken separateh as well as
thuse ol o linear combination ol the cash and futures spread series, are
exanmned and exploited within the framework of the cointearation-hased
crror correction model to generate out-of sample predicted changes in
the casti and futures markets spreads, Alternative definitions ol the
precious metals spread together with alternative formulations of the
forecast strateny are ssmubated. The findings are sannmarized as Tollows.
First, based on in—.\gasnph' estinuntes of the cross-correlations between
the alternatively defined measures of the precious metals spread, trading
results are likely to he sensitive to the winy the spread is delined. Second.
unit roots are reliably detected incach cash and futures spread series.,
but a fincar combination of the cash and Tutures spreads is stationary:
thus, an crror correction representution Tor cach series is appropriate.
Third, although the spot and futures markess appear 1o be mosth
simultancoush interrelated, Tagged interactions reliablv exist, attesting
to the predicrabilite of returns Trom spreading the precious metals.
Fourth, trading profits that are positive on a pre-transactions cost basis
hecome fosses ona post transactions cost basis il the assumed levels of
transactions costs in the cash and Tutures markets are representative Tor
the typical spread trader. Fifth, moving average trading rules result in

striking losses Tor the constrained and unconstrained cash and Tutures
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spreads. The onlv exception s when one acts apon rather infrequent
trading signals issued by a moving average model of the unconstrained
spread. Prolits are possible albeit at o high risk levell These results are,
ol cotrse, conditional on the parameterizations adopted. Farthermore,
thes are conditional on dailv trading. Thus, an interesting avenue for
future rescarch is to refine the model’s parameterizations and examine
the potential for ex-ante profitable arbitrage on an intra-daily basis.
Moreover, the results are predicated on the presumption of o constant
cross-elasticity coellicient linking the two precious mctals price series.
It would be of interest (o examine the impact of alternative stochastic
representations ol this coellicient on the intertemporal predictability and

ex-ante arbitrage profitabiling involving precious metal spreads.

BIBLIOGRAPHY

Akaike, HLo19e9a: "Statistical Predicter Idemilication,” Avseals of the Tastitnte
of Statistical Mathepustios, 212038 217,

Ahaike, T o19esh: “Fiting Autorcgressions Tor Prediction,” \nunals of the
Bintitete of Statisticad Matheoatios, 21243 247

Chane ME T and Mountain, 10 c19ss5e “The beractive and Causal Rela-
tionships Involving Precions Metal Price Movements” Journal of Business
aid Feonomic Statistios, P04

DeBond, AL and Phaler, B 019850 “Does the Stock Market Overreact?”
Jouraal of Finaee, 42793 505,

Drickey, DAL and Fuller, WO 1979 "Distribution of the Estimarors for A
torceressive Fime Series with o Unit Hoot Journal of Yerican Statistica!
Asserctationy, 74427431

Dickes. DAL Fuller, W AL and Pantulas S, 01987 October: "Determining the
Order of DilTerencing in Aatorcgressive Processes.” Journd of Brsiness wad
Peononrie Statistios, 4433 461,

Pogle, 1001982 “Aaporegressive Concitional Heteroscedusticity with Fagi-
mates of the Vartanee of UK Inflation.” Feonometrica. SU:987 1008,
Engle, R, and Granger, CoW 019870 "Cointegration and Frror Correction:
Representation, Fstimation, and Lestung” Feonemetrice, 35231 2760,
Lngle, B 01990 e Long-Ran Fooieniic Belationships: Readings in Calidegration.

New York: Oalord University Press,

Frple, B 019885 "Some Becent Developments in @ Coneept of Cansaling”
Journal of Feonometrios, 39199211

I ngle. Root1986r "Developments in the Study of Cointegrated Leonomic
Variables,” Oxford Bulletin of L eonmmics wirdd Statistios, 80 21350228,

Frule, By loo Fooand Fin, MW 09901 "Meteor Showers or Heat Waves?
Heteroshedastio Tnora-Thaily Volality 1o the Forcign achange Market,”
Feonometrica, 38:325 . 542

Fama, F. 019700 “Filicient Capital Varkets: A Review of Theory and
Fpirical Work,” Journael of Fhuiee, 253:383 417,



756

Wahab, Cohn, and Lashgari

Farlev, JoUGLand Blinich ML 019700 7\ Test For a Shifting Slope Caelti-
cient in a Lincar Modell™ Jonrnal of the American Statistical Asociation,
65132401329,

Farles, JoU L and MeGuoores TOWL 089750 "Some Comparisons of Tests For g
Shift in the Slapes of o Multicariate inear Time Series Madel,” Jonrnal
‘f Froonomaetrios, 3287 31K,

French, KR and Bolll B 719861 "Stock Beton Variances: The Arrival of
Dntormation and the Beaction of Traders,” Jorrnal ef Financial Teomonies,
17050 2,

Fatler, WA 01970 Totmduction (o Statistical Tiore Series. New York: Wiley,

Carbade, K1, and Silher, WoE D 019820 "Price Movements and Price Dis
covery in Fatures and Cash Nuarkers,” Beview of Fooromies innd Statistios,
H3 289 24T, '

Goranger, C 069 “nvestigating Causal Belitions by Feonometrie Models
and Cross Spectred Methods,” Feorometrica, 37424438,

Coranger, Coand Newhaold, PUoio730 "spurions Begressions in Feonometrics,”
Jovraed of Feonometries, 20001120,

Judge, GG Gritfichs, WL PREL RO Dothepohl Ho and oo, TUC 1085
Fhe Theory and Practice of Eeomanierrics, New York: Wilev,

Ma, O R i‘h‘\‘w “Spresuding hetween the Gold and Silver Markets: I There
Parinv:” The Journal of Futioves Marken, 5:5790 394,

M. O l\‘. mui Socnen. oA T T9sSE T Arhitrage Opportumtios i Metal Faturees
Markes” e fowraal of Putires Markers, 5:1990 204

Mackinnon, | Goootvoty “Critical Vadues Tor Comtegration Tess,” in oy
B eommmumic Relationhips Readings or Cointesration. Tagle, 801 and
Coranger, COMLFL fedls, Ontord University Pross, pp. 26T =276,

Monroo, VE A ind Cobin 108 019861 "The Relative FHicieney of the Gold
wd Areasury Bill Fotares Abarkews” The Journal of Futures Markets,
3477 443

Ohuanien, Lo F i49ss0 " The Spurious Filects of Unit Roots on Vector Auatore-
gressions: A Monte Carlo "t!ud_\.” Journal u_f' Foonometries, 394251 260,

Phillips. PoCOBL and Perros, PUO198RE " Testing for o Unit oot in ime Series
Begression,” Biometrika, 73335 3406,

stoll B and Whalew, B o199 "The Dvinamics of Stock Indes and Stock
Indes Fotores Beoirns” jr:ur:ma' of Finasecrad cond Quantitative Anadysis,
25001 ok,

Sumimers. boolusSon "Does the Stock Marker Hationally Befleot Pundamaental
Values™ Journal of Finance, 31391 600,

Suwamy, PoA and Schinasi, G0 019895 "Should Fived Coefficionts Be Bees
thnated baery Pernod for Tatrapolation™” Jorral of Forecasting, 5.1 -17.

bhel, FE 0197100 i’ri;zri;rh'x of Feonametrics, New York: \\Il(\



Copyright of Journal of Futures Markets is the property of John Wiley & Sons, Inc. /
Business and its content may not be copied or emailed to multiple sites or posted to a
listserv without the copyright holder's express written permission. However, users may
print, download, or email articles for individual use.



