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existence of spectihuive bubbles in financial markets hits been a
ndin}^ issue tinder debate. Many Hnancial economists believe

that, given the assumption of rational expectations and rational be-
ha\ ior of economic agents, an asset sbotild be priced according to its
"market fundamentals." Others argue that seil-luirilliiig rumors ol
market participants can influence asset priees as well. These self-
fulfi l l inji ruTiiors are initiated by events extraneotis to markets and art'
often called bulibles. The rationality of both expectations and l)eha\-
ior often does not imply that the price of an asset be equal to its
fundamental value, hi other words, there ean be rational de\iations
of tbe price from this \aitie—rational btibbles. A rational bubble can
arise when the iictual market price depends positively on its own e\-

I'mlc'ssiir Stanlnmsi.' woiiltl iiki' U» ;icknauli'df;c lhf supporl iil'<i Ihinild S. (.'ixjkscy t.ccturcship
pro\kk'tl b\ the LJnivorsiU nl'Oklahoma C.(tllL'f>f<>rRLisinfss. WfarfuriUflLiI to an iinonymous referee
for his helpful comments und sijggcslittns.

*Corrcspondcnie author, Oivision of hiiiiincc. Mithiici K. Price (.'iillf;;f of liiisincss, L'ni\t'rsily of
Oklahom.i. Norman OK.

Hccf'nrd SuLiii'-l. I ••)'•)'•>•. .\ccepted .April. 2()(H).

• Bryau Slauhonse is cm Associnit' Profe.ssor in ihe Division (ij hinance ai Michael f.
Price Calh'i'c of Business at The Universit-\ t>j Oklahoma in Norman, Oklahoma.

• Mark Berliis i.-< in the Diiision of Finance ai Michael i\ Price i'olleiie oj Business at
Ihe Uniiersii} oj Oklahoma in Sormati, Oklahoma

TheJournalof Futures Markets. Vol. 21. No. 1.79-108(2001)
•e. 2001 by John Wiley & Sons, Inc.



80 Bertus and Stanhouse

pected rate of ehange, as normally oceurs in asset markets. Sinee
agents tonning rational e\pectations do not make systematic predie-
lion errors, tbe positive relationsbip between price and its expected
rate of change implies a similar relationship between priee and its
actual rate of cbange. Under sueb conditions, tbe arbitrarv. sclf-iul-
filling expectation of price changes may drive actual price cbanges
independently of market fundamentals; v\e refer to SLicb a situation
as a rational price hithhle.' © 2001 John Wiley ^ Sons, Inc. Jrl Fut
Mark 21:79-108. 2001

This article investigates gold futures markets for evidence of rational
speculative huhhies. (iiven the relationship between futures prices and
expected spot prices, if futures market huhhies exist, their source must
he the spot market. Fundamental pricing relationships in the spot market
are most likely to break down when the commodity at hand has a high
eost of storage or transportation, is subject to wide swings in supply, or
is traded only intermittently. (Jold can be stored indetinitety. It does not
deteriorate from ctimatie changes or over time. In tact, most of the gold
that has ever heen mined still exists today in some form. I be vast majority
of privately owned gold in the United States is held in vaults heneath Wall
Street. Changes in ownership of this gold do not bring about physical
withdrawal ofthe gold. Rather, when gold changes hands, an accounting
entr\ documenting this shitt in ownership is made. Clearly, storage and
transportation costs associated with the ownership of gold are minimal.
Gold is not stihject to wide swings in supply heeaiise gold hoards are much
larger than annual gold {production. I he stock ol gold is roughly equal to
SO times the average annual production. In addition, the production of
gofd is unaffected by seasonality. Clold is traded 24 hours a day around
the glohe, helping to ensure tbat any divergence of the gold price from

NumtTotis sludifs ha\t' lifcn urnlortakcn lo i'\amiiic tin- [iossil)li- (.-vLslcnto iil's|>f(i]|.iliM.- liiiliblcs.

[•Inod iind tiiirbcr ( Î SO) tdnducl (.•conumctric Ifsts lor llic cxisli-riLi' iil pricL'-lfvcl Itiihhics in the

poslv\;ir GiTiiiiin hyiHTindiilion, I hf> find nn I'^idenci- ol' biihltlt-s and conckidi' ihal ihc tliilii art'

consislt'nl willi C'agan's ( |yS61 nionelurv miidfl. Mlhdiioli difir icsl |)nK.cdiirc is apitcaliiifi, ihcri.'

art' [w(i niiiin sh(irti-i>min^s. I'irsl, ihi-y lest oiiK lor dflerminislii- [)iil>l)lfs. Ihc si-t<ind wciiknt-ss of

ihi' icsi is that since the rcjiri'ssiir I'or the bubhif jiaramclcr is an cvpononlial i'unciion ol' timo, as

(lif numljer ol obscnations becomes iar^e, ibis rt'uressor explodes and the asymplotic distribution

of tbe test statistic degenerates. Wesl (1987a) applies Hausman's (1978) spceiiication les! to look

lor bubbles in stock markets and finds si^nilieant evidence ol" bubbles. Usinj; ibis same spccil'iialion

lest, Mefse (1986) reports evidence ol' biibliles for the dollar/Dcutsehcmark and the dollar/lirilish

pound fvfhange rates. One problem ol' tbe Wesl/Meese melbotliilojiy is tbal ibe procedure lests a

joint null hvpotbesis of no liiibbk' and correct model specilieation, ubereas the aileniative includes

misspec ilicalionol ihf slrucliiral model, misspi-eiiitaliun i>rihe markcl Inndamental |)roi ess, rational

spccukilive bubbles, and other irralional behaviors. Any oflbese Tailors ma) lead lo [he rejeclion of

tbe joint null byp<ilbesis. I'bus. one may mistakenK inlerprel rejection of ibe null as evident'e of

Imlifiles even when tbere is in fact no bubble. Addilional studies on exchange-rale bubbles bave

vielded mi\ed results.
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its fundamental value could be quickly traded away. Given these char-
acteristics, the oold market should yield little opportunity for speculative
buhbles. ll<)v\e\er, over the past 25 years, the ^oid spot market has ex-
perienced dramatic price changes that could well be documentation of
deviations Ironi fundamental pricing relationships. For instance, signifi-
cant changes in gold spot and futures prices occurred during 1980 and
1990-1993. Although these episodes of price runs are associated vvith
the silver crisis and the Iranian-Iraqi war; ean these price changes he
ceonometrieally explained by "market fundamentals" or must an inter-
vening variable, a priee bubble, be brougbt into tbe anaiysis to explain
the behavior oi the lelt-hand side \ariabler

This article employs dynamic factor analysis to docLunenl an other-
wise unobscrvabie priee bubble and tests whether the bubble is signili-
cantly different from zero over time. In addition, tbe impact ol the huh-
bles representation on the equilibrium gold futures price is estimated.
Tbis artlele is organized as follows: after tbe market participants are in-
troduced, cquilil)rium j^rices lor the gold spot and gold Iutures markets
are determined, followed hy a brief diseussion of dynamic factor analysis.
Tbe estimation results are then detailed.

MARKET PARTICIPANTS

A rational bubble ean make no sense in tbe absenee ol a precise model
detailing a market's operation. Without such a model, it is impossible to
isolate the time-series trajcetory characteristic of the bubble or to dellnc
tbe market fundamentals. We model tbe determination of gold spt)t and
futures prices in a conventional four-sector two-market configuration for
storable commodities. C'onsumers, |>roducers, dealers, and speculators
simultaneously maximize their respective utility Iunctions and jointly de-
termine market clearing prices.

Consumer

Ciold is a relatively unique eommodity, given that tbe cumulative flow of
services generated by tbe stock of gold, aggregated over an infinite time
horizon, is not finite. The rationale is that, even if gold is refined into
bullion or manufactured into jewelry, it continues to generate an unend-
ing flow of services to the consumer. Cold has an aesthetic use and a
precautionarx' use against major political socioeconomie catastrophes.
Clearly, the market fundamentals for spot market gold prices include the
factors affecting the aesthetic and the precautionary demand for gold.
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These arc difficult to evaluate but must be proxicd. Otherwise, as noted
by Flood and Carbcr [I98()|. an omitted variable problem can bias bubble
tesLs toward rejection of the no-bubbic hypothesis.

Kormally, a consumer is an agent who makes a demand decision at
the time he laces aetual spot market prices without being exposed to price
uncertainty. Tbis price-taking consumer maximizes the utility of com-
modity consumption subject to a budget constraint and (inds that his
demand for the commodity at time t, C[, is given by

C; - ill - ci\s, + {a'.Yx, + 4 (1)

\\ bcrc /• is an individual consumer, n', and a\ arc scalars, wbile a'2 is a r X
1 vector; s, is the time ( spot price, A, is a column vector of independent
variables where the r X I dimension will be empirically determined, and
s'f is the disturbance term representing idiosyncratic cons timer
characteristics.

The aesthetic demand for gold is inversely related to its price and lo
the opportunity eost of holding gold. If returns on investment opportu-
nities decline, consumers could very well demand more gold. Obvious
alternatives to gold include investments in the stock market. Investment
in foreign currency, or investment in li.xed income securities. Ihe real
return on Standard & Poor's SOO Composite Stock Index (SAP,) will proxy
the attractiveness of stocks as an alternative to gold. Changes in the ex-
change rate of dollars into Swiss francs (SWISS,) will represent the return
on foreign currency investment. The return to fixed income securities will
be represented by tbe l-montb U.S. Ireasury Bill rate (IBILL,). These
three variables will be included in .Y, and tested for their statistical
significance.

With regard to the precautionar\' demand for gold, eonsumers po-
tentially demand more gold as the purchasing power of currency de-
creases due to inflationary' pressure. Consequently, price indices from
several industrialized nations will be included in v,. and, subsequently,
tested as possible independent variables in the determination of the de-
mand for gold.

Any major international political or economic disturbance, such as
a default by a debtor nation may cause an increase in tbe precautionary
demand for gold. Ihe Money Center Bank Stock Price Index (MCB,) is
an index of stock prices of banks with large international loan portfolios.
A default by a debtor nation will be captured by a drop in the value of
this index. Therefore, international upheaval evidenced by price drops in
the Money Center Bank Stock Price Index could cause an increase in the
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dcTTiiincI for gold. II ,MC R, impacts the demand for gold, it is a RIIS
variable that must he included in \,. A segment of consumer demand lor
gold is central hank demand. Central hank demand for gold is rather
unpredictable. In the [)ast. the Soviet Union and, more reeently, Russia
and other former Soviet repLihlics have traded gold or oil lor wheat. The
choice of commodities with which to render payment has depended on
their relative prices. As the price of oil deereases relative to gold, Soviets
v\()uld trade some of their vast hoard of gold for wheat, making gold a
Funetion of the price of oil. In addition, in the face oFoil price reduetions.
OPEC nations will have fewer dollars to exehange for gold impacting the
demand for gold. While these two forces represent positive and negative
demand decisions they both underscore the notion that the price of oil
must be included in .Vj.

Commodity Producer

Consider a produeer who makes a decision in period ( to produce gold
for period ( + 1.' At time t of the production decision, the period t + I
sales price is unknown hut, once the production deeision is made, the
quantity produced Qf̂  | is certain."* Although the output is storahle, the
producer holds no inventories."^ In this case, the price-taking risk-averse
producer v\ill maximize his expeeted utility ol profit:

where

and where superscript /? refers to an individual producer. E, is the math-

'ihv t'XLsliiif; s loik of ^<ikl is fstimalcil lo In- nl ILMSI SO limi's ^riMlcr lliaii liic turrt-nl annuiil

[)rodu<.li(jn i>! jiold. C'iniM'(|<]i'nlly. llir Mi[)|ily (il jiokl si hi'diilc is ilcariy st>inclhinn rmitli more thiin

nuTi'ly ihc ciirrcnl f;<>ld |ir<idLKli()n sthcdiilt ' , I he \as[ iriiijority ol supply in .my i»nf miirkcl [KTiod

rfprt 'scnts y sijinilicant nirmbcr of market piirt ici pants making ii "nt'^ativf" demand decision, i.e..

rc \crs in^i i previous purchase id" gold. As such, iht'ir actions can hi' expliiincd liy ihf ta i lo rs wo have

already articulated in ihc consumer discussion ur l»\ the latli)rs \\t- f i iumcraic in our description oi

dealers.

()iil]>iit iinifrlciinlv SKCII as wcalluT toiikl l)i' incorpciralcd in ihc rnodi'l (f.^;.. M i k i n n o n , l ' J /6 ;

liray, I^H I), liiil ihf dfrivaliiin ol i(Hiiriiodil\ prodiii.tion and liiliircs trading would nul l>c a simple

mat I IT,

In ri 'alil\. pmdiici 'rs may hold a slock i>i iommi>dil\ in\t 'nli)rics. l lowcvfr, MC shall iiillou llic

Iradilion ol dicholomi/ ing traders ' activllit's into pure production without storage and pure i n \ c n l o n

holding (sfo Mitth, 1961; Ulanchard, l y S I ) . Although ihc markt l analysis of inventory holding pro-

ducers remains simplt- in the prcscnit ' of a futures market, it would be exlrcmi-ly eompliiaU'd in ils
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cmatical expectation operator conditional on information available at
time t, IJ''{-) is a strictly concave utility function, and 7r{', | is the pro-
ducer's profit obtained at time t + I. In order to obtain a linear com-
modity production schedule, we assume that the cost function is
tjuadratic

where Q',', I is the quantity produced in period / + 1, and v\here i:'/ a
disturbance affecting the cost function at time /. The utility function is
given as

\\here r'' is the Arrow-Pratt constant coefficient of absolute riskaxersion."'

^Vf«.Y t ' J O i n r . i)j , uh i ch is lanlamount lc> Ma\ iL"||n[', ,1 - l/2r' 'l J t lC , , |1 (1)

where V, i n r j = f, in f , , - E, [ n r , i l | -
Nnu working on £', lOf', | — L', | n [ ' , | | | ^

Nin\ siibsliutlin;; this back inKi (I ) \\v obtain

\Vb;it iiboiit Li lulurcs markcl?

here
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Assuming that s,+ | is normaily distributed and then maximizing the ex-

pected utility, E,(L/''(7rf, |)). is tantamount to maximizing

EA^r.i) - lr>'\\{n>\0 (2)

where V, is the conditional variance operator such that V,(7r{', |) is defined
to he ll,{n\\ , - E,{n',\ i ) ) ' / ' With the possihility of futures trading, the
producer at time ( can enter into a forward contract to deliver, or receive

- / , ) -

)r , - iv; i:,\s,,

SiilisUlutiriji ibe i'\]>rt'ssii)ri iibovf inio 1 I ) \ii-lds

n(̂ ^̂  ibc I O C lor tbf l"i j di ' i ision \,iri;il>lL's yields

.11

C imiliinini; ibi' l O t s \it 'lds

bit b

Rcwr i l in f i i b e s e c o n d I ' O t ' \ i i ' lcls

" I b e ' . i i lTk ien l e o n d i u o n s I n r . m u p t i m u m in t b i s i ind t h e f o l l o w i n g m a x i m i z a t i o n p r o h l f i n s i i r t - ; i lways

s^ttisl ifd ( m i n j ; t<i l l i c s t r i t l (qii i isi-} c ( ) n i a \ i t \ of i h e (>bj i ' t l i \ e I ' d n t U o n w i l b r».-s|K'it l o t h e d i - i i s i o n
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delivery of, a specified quantity of gold at time f + 1 at a known contract
priee/ In this case, the producer will maximize (2), where 7rĴ , =
s..iQf+i - p(^(Qi\i) + /^r(\, I - /,) and where Rf is the quantity of
futures contracts which can he positive (futures purchase of the eom-
modity), zero (no futures commitment), or negative (futures sale), f) is
the period t futures eontraet priee for delivery at time ( + I. /; is the
diseount factor, the market rate of interest plus 1. With the quadratic
cost function, the assumed utility function and the normally distributed
spot prices, the optimum lc\el of output supplied and futures contracts
demanded can be expressed, respectively, as

and

where

7P — ^A^(4 \' ~ Jt

!+ I

The results above show that the optimum level of output Qf^ | depends
on the futures price/,, the period t disturbance in the cost function 6{\
and the parameters p and ^. The production decision is made indepen-
dently ot attitudes toward risk and the probability distribution of uncer-
tain spot prices and, in this sense, it is completely separated from the
futures trading deeision."

Futures contract demand Hj' is divided into two parts. The first term
on the right-hand side of (.^.2), -Qf.. ,, is the negative of the exact quan-
tity that should be sold in a futures market if the producer would want
to eompletely hedge against price risk; henee, this term represents the
"hedging" component. The second term, Zf, reflects the differenee be-
tween the producer's expectation ahout the period ( + 1 spot priee and

' I h f t e r m "fulurfs" is used here <is cqi]i\ silent l<.i a "lorurtrd" Iriinsaclion. In othfrwortK. il is iissumctl
ih-.n 11) ihf commodjiy dfidl in is complfleK sl.indiirdi/fd; (2) ii I'lilurfs contrafl is selllod h\ iictual
deliver) of lhe t o m m o d i h ; anil 1.̂ 1 ii fuIiiR-s markel rei>pens exery |HTi(»d. and deliver, lakes |»laee
only onee in eiieh period. Ihis set ol assiimplions is mainUiined in mosl uC iho lilcrature on lhe
subjeel (Peek 1976; Crossman. 1977; Oanlhine , 1978; Hol thausen, 1979; Turnovsky, 1974; and
Ffder, Jusl iind Sehmit / , I9S(J). A fuUtrcs (.•onlrat-l is assumed to malure in one period, which
cuineides wilh lhe pnidiK-tion (and inventory holding) period.

"This •'sepanition result" can be arrived at in a general expected ulilil\' miiximizing frameuork, as Is
studied similarK by Danthine (1978), Hol thausen (1979), and F e d e r j u s t . and Schnii l / (I9K()1.



Dynamic Factor Analysis 87

the corresponding lutures price, £,(s, + |) — [,, which is an anticipiUcd
gain per unit ot the commodity purchased in futures. Hence, this term is
called the "speculation" component. Thus, the producer enters into a
Futures contract not only to hedge against price risk, but also to exploit
speculative opportunities as well.

Inventory Holding Dealer

For storahle commodities, like gold, there are agents who carry a stock
ot commodities as an inventory from one period to the next. In this article,
such agents are called the "dealers."'^ Tvpically, hy acquiring and compil-
ing commodities, they accommodate stockholding services tor their cus-
tomers. In the absence of commodity futures eontraets, a risk-averse,
price-taking dealer d would maximize

where

nti - ^,.,i;' - ps,l'! - H{lf)

and where /, is the stock of commodity inventories purchased in period
t. H(-) is the inventory holding cost with the usual convexity property.
The purchase of the commodity in period t is multiplied hy the discount
factor p to take into account the opportLmity eost of capital outlay. It is
assumed that the inventory holding cost consists ot the cost of de\iating
from a target level ot inventory /' -I- v',, where e\ is a disturhance attecting
the target stock at time / and takes a quadratic t̂ orm. H(/',) = 1/2 /i(/', —
/' ~ ifi)". ^ > 0. The rationalt' Is that the holding cost is the ditterence
between the direct cost ol carrying inventories (e.g., storage, insurance
toe, depreciation), which is increasing and convex in /) , and the henetit
ot carrying a larger Inventory that reduces ihc probability ot stockout and
the loss ot customers.

A linear inventory demand function can he derived under the con-
ditions ol the quadratic holding cost, a constant absolute risk aversion
utility function, with the risk aversion coefficient r', and a normally dis-
trihutcd random spot price:

' in il di l tfrfnl tonlexl o l r i sk ntfulrality. RliitiL'hard (1981), in l rodut fd such ti dealer.

This in\L'nlnr\' demand 14) is (amili^ir in lhf literature on ajjriciiltural commodil i fs with storage

(e.^.. M m h , 1961 . Peek 1976; liirnoxskv, I 971S, among others}.
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, ^ MV + ef) + E,(5,.i) - /AS,

'

This equation indicates that the level of inventory demand depends pos-
itively on the target level of inventory /' + if, and the expeeted capital
gain of holding a unit ol the commodity (alter adjusting the interest rate
Factor) E,(s,+ |) — ps,, and negatively on the holding cost coeFficient h,
the risk aversion eoelficient r and the variance of the spot price V',{s, + ] ) "

With futures trading available, the in\cntory holding dealer will now
maximize the same expeeted utility function

hut where TT)', , - .s,,,/'/ - /w,/'/ - H(/f) + R'/(s,, i - /,) and where
R, is the quantity of futures contracts purchased (if positive) or sold (if
negative). A complete "separation result" again illustrates that inventory
demand is decided independent oi the futures contract decision. Ihe
former depends on the eurrenl spot and futures priees, the interest rate,
and the holding cost parameters (including the disturbanee). while the
latter is determined hy the prohahility distrihution ol the random spot
priee and the dealers risk a\ersion coefficient:

Hi = -Ii + z;' (5.2)

where

2,, ^ E,(.v,. I) - /,

As in the produeer s ease, the inventory holding dealer also plays the dual
role of a hedger and a speculator in a lutiires market.

Pure Speculator

The presenee ol a f utmes market may Induee activities by pure specula-
tors who assume open positions in futures without ha\ing to commit
themselves lo the production, handling or processing ot the commodity.
I h e ohjective o( a risk-averse pure speculators is to maximize

" S e e kaldor (IS.-i'J-l 440) and IflstT (IfSW) Inr ihe iirgumcnl ol 'convenience \ieltl. In tlie ense nl'

ne^iilivf inventorifs, ihe sloriij;e rule uoti ld prnhtihly have to he modififd.
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howho re

I he term "pure" is tiscd here since the aĵ ent in question is speculating
ii^iiinst |>ricc movements v\ith(>ut engiiginj; in uny real economic com-
mitment to the market. Under the conditions oi constant absolute risk
a\ersi()n (with the risk axersion coeltleient r^) and normally distributed
spot priees. the optimal xolmne of speculation is given by

_ g,(-S-|) - f, ,.v

The expression for the pure speeulntf)rs demand is exactly the same as
the specLilation component ol the producers or the dealers demand for
lutures trading except lor the ditlerence in risk aversion coeKicienls.

DETERMINATION OE EQUIEIBRIUM GOLD
SPOT AND GOLD I UTURES PRICES

Using both a spot and a futures market clearing condition, v\e will be
able to solve ior the ecjiiilibrium spot and lutures market prices. AFter
aggregating individual functions, we can suinmari/e the commodity mar-
ket in the presence of lutures trading with the lollouing six-equation
model:

Consumer demand: C, — a,, — as", + Q'x, + ii, (7.1)

Produetion: O, ^ - / , , + v,_| (7.2)

Inventory tiemand: /, = / + ;'(/, — pSt) + w, (7.3)

Futures speeulation: Z, — j [t',(.s,+ |) — / J (7.4)

Spot market clearing: Z,_| = C, + /, (7.5)

Futures market elearing: Q,^\ + /, — Z, (7.6)

where the parameters are defined as
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n n n
Of,, = n'a,,, a = n ' o , . Q ^ u 'o i , (i = — , v = —-, ;• ^ — ,

g H h

Wj = f/'tf. / ^ 1' + r + fy and ^̂  ^ V,(.s-,+ | ) .

With »', (/'', n\ iind »' as given numbers oF consumers, producers, spec-
ulators and dealers, respectively.'"

The equation for futures speculation (7.4) m t̂y need a brief expla-
nation. As we have seen in pre\ious sections, commodily producers and
inventory holding dealers participate in a futures market not onK as hedg-
ers but also as specuUuors. This means that the speculative demand For
Futures contracts should consist of the speculative eomponents oFFutures
demand by producers, and dealers, as well as the pure speeulators. Henee.
the total demand is an aggregation of Zf, Z\. and Z].

The spot market elearing condition (7.5) states that the amount pur-
chased at time / — 1 by Futures speeulators appears in time t as a spot
supply in the amount oFZ,., and this magnitude has to match the de-
mand by consumers and dealers.

The futures market clearing condition (7.6) indieates that the total
supply oF Futures contracts by producers and dealers in their capacity as
hedgers. Q,+ [ -I- /,. has to equal the quantity demanded by speeulators,
Z,:

reeall

The rational expectations equilibrium solutions For the sjiot and futures
prices can be easily Found. Substitution oF expressions For Q, ^ |, /,, and
Z, into (7.6) yields

"Since t\,. Vr and \i\ WAVC iinbiuindod siipnorl, proMc-ms of iiciiali\t' price and iicyalivo gLiiinliUcan
rise, rhroughinit the pif]>cr, the nim-ni'^iilivit) conslraint is if;norcd Tor simplicity, the ])rol)abilit\ ol'
nfniilivt' values ciin be made arbitrarily small by appropriate thoitc ol' undfrlyin^ paramettTs ;ind the
v;(ri:inee oi" (i,, i',. iind ii',.
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Liigging by one period the expression ior f, gi\en in (H) i}\u\ substituting
tbis into a lagged \ersion ol (7.4), tbe spot market elearingeondition (7.S)
yields a difference equation for expected spot prices. Tbe solution of tbe
difference equation For tbe expected spot price oi gold

ypx

- 1

X i
— I

p y
I-1

+ -
yp' yj

I ;.
U'

y p

(9)

occasions tbe unexpeeted appearanee of B, | on the RIIS of

(9), where B, | must satisty the condition tbat

( 1 0 )

'''CiinsidtT the iulluwing (.•xpcctaliona

vhc

V, = A£,y, . | -h A,

,\, = p\ I + e,

v*t'«()iikl ar^Uf ihiil ) , = | l / ( l — /.p)\\ + t , . u h c r c c, - td ( I / / ) ' a n d is jiivcn (IcltTministiciilly, is

a solution lo ihi' t-xpt-cUition cqudlion abuvt-. H' wt- multiply thi- equation abtm- liy (I - ?.L' ) and

ihcn ust' thi- f.xpfftalion operator—we return to the original

- ;./. - ../.

Now. lisinij ihc c\]n.'tlaliori uptTaUir al lime /

1

I - ;./
1 c, - fi

- /./I
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In order to evaluate the expeetcd value of the goometriealK deelining
weighted sum of future values of the r X 1 vector A,, lets lirst assume
that

X, = (1

where C, is r X r, c), is a r X I vector ol normally distributed error terms

with zero means and finite variances. The order of the autoregression h

will be given empirically. Rewriting (11) for e()n\enlence

X, = AX, I + L,

where X, — |A-,, X,_ ], . . . A, /J ' is a vector with {rh) rows and L, —

\S,,0, . . . | ' , with {rh) rows, with \{r — \)h\ rows equal lo zero.

A =

C,

/ 0

where A h an {rh) by (rh) matrix and / is an r X r identity matrix. Assum-
ing that the information set at time ( contains only current and past
realized values of A( and Invoking Kolmogorovs forecasting rule yields

Ei-|X, = AX,.,

Q is a r X r/i matrix with ones in the diagonal elements of the first r
columns and zeros otherwise:

Q -

I 0 0
0 I 0
0 0 I

1

Using the formulations ahove. the expected spot price can eventually be
written as
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Iho final term on the RHS of (12). pi). /3, ,, is the price expectation
buhhie. The definition oF a spot price expectation huhhie as a situation
in which f:, |/^, 7̂  0 is attractive for two reasons. B, is a self-contained
and a sell-lullilling element t)l spot priee expectations. A general solution
lor spot priee expectations necessitates the existenee oi /J,. as sueh. ii,,
is independent of market processes. The magnitude of other components
of the RI IS of (12) represent the price and quantity resolutions of other
markets. It uould be unrealistic to assoeiate those market realizations
with hubhies, as we would be (oreed to characterize them as i)eing bubbly
as well, \l^ is self-fulHIling because its expected value is given by a first-
order autoregressive process. In addition, if /J, 7̂  0, the expected value of
B, changes through time changing the trajectory of spot price expecta-
tions, even il the market Fundamentals do not ehange

These changes will take place at an ever-increasing rate {plk > 1) gen-
erating the ty|)e ol e\plosive expectations that are associated bubbles.

Plugging the solutions for E^{s, ^ j) and tor E, i(,s,) into equation (9)
and then normalizing on s, yields

— G\l + + -I- G4L', -I- G^r, + G(j,_] + C-w,

where the Gj.s are defined in Appendix A (appendix available on request).
Substituting our solutions lor s, and li,{s,+ \) into (8), taking tbe first

difference of ibe resulting expression for/, and, finally, rewriting the
ehange in gold tutiires priees yields
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A/, = MiAB, + M^AB,_| + M.̂ AX, + M4AX,_| + M=;As,_|

+ M(,An, + M-Av, + M^Av,_i + M^Aiv, + M n j A u v i (13)

where the definition of )Vij is provided in Appendix B (appendix availahle
upon request). M^ and M4 are, of course, vectors that are conformable
with AX, and AX, _ [, respectively.

DYNAMIC FACTOR ANALYSIS

Our lutures market model will be expressed in state-spaee form so that
the Kalman filter component of the dynamic factor algorithm ean be used
to document a potential but unobserved stochastic price bubble.'"* Let iv,
be an n X I vector of unobserved variables called state variables, and g,
and Zf be m x 1 and q x 1 vectors of obser\able variables called input and
output variables, respectively. Tbe state-space model can be written as

M!,.i = /-ir, + G^, + C,^, (14.1)

Zt = Hw, + Dg, + C, (14.2)

where Ci+\ ̂ ind c,. are, respectively, m x 1 and q X 1 vectors of distur-
bances witb F, G, II, an D as constant real matrices oF conFormable di-
mensions. We assume tbat tbe disturbance terms, c, and C,, are eaeb
serially uncorrelated and are also uncorrelated with each other and that

E{Q - 0, E{LJ = 0

E(c,, ^;) = V, EiCtCl) - R

Equation (14.1) is called the transition equation and (14.2) is called the

measurement equation.

We will assume that the bubble term B, continues to satisFy (10)

according to

B, - ? B , I + V, ( IS . l )

The complete model bas the state space representation (14) iFtbe Follow-
ing equations are used.

\hc Kiilmnn (iller (echniquc is. ufll iri'tiltd in the iinitrul lilcTHlure imd ihc intcrcslcd reader is
ffffm-cl lo Anderson and Moore (19791. Harvey (1989). or Hamillon (1991) fnr details.
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AB,
0 0 0
0 0 0

AB,

AB I I

+

+

An,
Av,

AX- _

As,

AX,

Au;

- I _

IS.2)

For tbe expressions imniodiatcly above, tbe varianee eovarianee matrices
of tbe errors arc gi\ en as

V -
0 0

and R -

Tbe reader should keep in mind tbat AX, and A.\, i continue to be (rh)
X 1 vectors. In tbis particular state space representalion tbere are two
transition equations and one measurement equation. Tbe transition
equations represent the bubble proeess (15.1). Tbe measurement equa-
tion is a specification of tbe process tbat generates A/,. Tbe estimation
teebnique employed in tbis article—dynamic laetor analysis—iterates be-
tween estimating tbe parameters of tbe state spaee model and generating
tbe unobservable linaneial liitures bubble. Details on tbis computation
algorithm can be found in Appendix C (appendix available upon request).

ESTIMATION RESULTS'^

In an effort to establish stationarity for the variables used in tbe dynamic
factor analysis, augmented Dickey-l-ullcr (1979) tests were performed.

'""In this pajHT. linked gold spot .ind ^i)kl iuiiirfs markets vvere used lo solve lur oquilibriLini s, and
/r. I'hf rt-ducctl form sokiiion I'nr tht- jiold Ciiiiirfs price was a function ul' niiirkct lundiinifntals,
speculative bubbles and ii i(>nli>unded ernir term
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Test results are reported in Table I lor the variables that were ultimately
determined as bein^ statistically significant in the analysis. As shown, the
null hypothesis that there exists a unit root is never rejected at a conven-
tional significance level. This suggests that there exists at least one unit
root in eaeh of the six time-series representations. We tested fora second
unit root by dillerencing the data and applying the test procedure to the
transformed data. The test statistics also reported in Table I, all rejected
the null at the 1% level. Henee, there is little evidenee that a seeond unit
root exists in the time series data."'

Af, = fiAB,. A R , ,. A . \ , . A . \ ,. A. , j , ) + A , : ,

w h t T i ' A;;, = / ( A l l , , Ar , , Al', , . A u , , A t i ' , . , , )

Ihat is, fhf iTiipiriLal spfcitl.;ilii>ii o l l h f j>oltJ riilurcs price isdriM-n l i \ the nKHiol ^md nolhing jilioiH

thf modi'l siijjfiesis ihal i:, vi>i\U\ Uc t l f l iTmirifd l)y m̂ ARCH or (lARC^H process. I I ( ) \ \C \ IT . in order

to validate-our assumption, wi-lc'sti.^1 the residual in iho riKasurt mcnl equation fora |)ossil)lc ARCH

or GAHC;H process (i.e. i:, = v, ,h , , where li, = «„ + 2/_, ai4_, + Sf_, fl-,h,_^). Usin^ Fn^le's
multipiicr test, ive rejirt-ssed the squared residual on an intercept and fight aulorej^ressive terms. We

then calculated <i TR- statistic ol' 14.8/17 and compared il «i th a '^'i ievel, crilical \iilue of I S.S()73.

Thus, we were unahie li> refute the hypothesis that the error lerm follows n white noise proeess.

Given the e\idence above, we helieve no ARCiH, nor (iARC^H (If no A R C : H elTcets exist, then no

(iARC'H elfects cim exist, see Hamilton I4SM, p 664.) elTeels are present in ihe error lerm of the

Hdld tutiires prieing; equation. C^onsequently. wv are free to perCorm dynamic faetor annKsis on our

nmdel, «i th no restrielioiis on the error lerm.

'•(liien the variiihles in theoriginiil t;old futures pricing et|(iation (when they are expressed as levels)

are ((1), it is possible ihul a cointejiniling relationship exists. If this is the case, the eointejjrated

Vitriables have an error correclion represetilalion of"

r

Av, = TT,, + 7CX, I + E T,.\, I + C, (1)
1 = 1

w here

X, = a n ( n X I ) v e e t o r e . m t a i n i n f ; { / , , S,, MVM,. P O M , , , I ' I ' I , , S W I S S , )

TT,, = an (n X I) \eetor nlinlereept terms \\ i lh dements n,,,

Ki = (rt X n) coeHicienI malrices witb elements K^i^ [i)

n = is a matrix with elements n̂ f. sueh tbal one or m()re nl tbe 7t,j, ^ 0

;;, = an (n X I) vector vvilh elements i:,,.

V\ itb the iTror correetiun term in equalion (I ), eacb \ari,ii)le responds to tbe tli '\ iaiions from "ionj;-

rirn equilibrium", tstimatinf; \, as a V'AR in lirst differences is inappropriate if \ , has an error cor-

rection representation. That is, the omission of ihe eorreetion term n\, , is a spec ifieation error if A,

has the error eorreetion representation in equation (I ).

We test tbe gold futures equilibrium pricing e<|uali<)n for eointegnilion witb the Lngle-(.ranker

method {19H7]. First we estimate ihe long-riLn eqiiilibriLim rehilionship for I'ulures prices using 2SH

observations

' , = ft. I liiS, + fi.MCK, + /^,l'()ll,, + lUPn + //.SWISS, + e,

Ne\l, we prelormed tbe augmented l)icke\-liiller test iin tbe estimated residuals

r
A(^ = Ufe, I + 2 ", , I Ae,_ , + ;;,

; I

I be null byp<ithesis, tbat no cointegration exists, implies the ciiefCii ient ai = 0. I he estimated \akie
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TABLE I

.'d l)icke\-l uller Lnit Kool Tests for Cold I utures Price. Ciold Spot
Price. Producer Price lnde.\. Money Center Bank Index, Spot Price of

Petroleum, Swiss Kxchanj^c Rate

/ s PP/ MC:/{ POtL SWiSS

ADF LEVEL - 0,832 - 0,899 - 1.125 - 1.035 - 1.08 - 1.79
ADF DIFF - 3.873* - 4,463* - 3.11 * - 3 272" - 5 010* - 4 78*

f ratios for /(in augmented Dickey-Fuller tests (ADF) tor the regression Ax, = u + /Ix, , + ^: , <l>Ax, , , ^,. 'Statistically
significant at the 1% level.

(liven the timing and relation of the independent variahles in equa-
tion (1.̂ ) to the gold lutures price, it is possihie that the market Funda-
mentals are not e.xogenous, hut rather depend upon the gold iutures priee.
If this were the ease, the eeonometrie evaluation of the determinants of
gold futures priees would have to he done in a multi-equation eontext, to
;i\oid a possible simultaneous equation hias. Consequently, the indepen-
dence ol each exogenous variahle from the gold futures priee v\'as statis-
tically tested. In particular eonstrained and unconstrained, multivariate
regressions were estimated for APPI,, AMCB,, APOIL, and ASWISS,.
The RIIS of each equation to he estimated included sixlh-order autore-
gressive representations of the gold futures priee and ol the three vari-
ahles nol used on the LHS. The null hypothesis is that lagged changes
in gold-futures priees have no impact upon the designated LHS variahle.
In a manner consistent with the null hypothesis, the eonstrained regres-
sions were performed with the parameters on the lagged A/,.s set equal to
zero. To accommodate the alternative hypothesis, the unconstrained re-
gressions hud no restrictions on the estimated parameters. The sum of
the squared residuals of the eonstrained and uneonstrained cases were
each computed and then were compared using a likelihood ratio test. For
all four sets of the regressions, the likelihood ratio test statistie follows
an F(6, 2S7) distrihution under the null h\iiothesis. If, for example, in
the APPI, equation, the null hypothesis of all coeffieients of the lagged
A/i-s being equal to zero is not rejected, the conclusion is that A/, does not
granger cause APPI,. The test statistics and the associated critical values
for rejecting the null hypothesis are reported in lahle II. I he null is never

ol a, is -().()T=;62 with ;i i-orrespondinji/-slatislic of - 1,^2. Thf trilicul valiif olitaint-d Crom bngle
and Y(jo (1987) I'nr live v;irial)lcs and 200, or more, obstTvalions al ii T'f sij-niriL-ancc li'Vfl is -4.48.
We can ihcri-lurc tonL-kidi- that a, is not sij;riificaml\ tlLli'tTfiit than /oni. Ik'ncc, we arc unul)k' lu
reiutf the null liypolhcsis of no tuintfgnili.(n. Our iinalysis jijstiliiilil\ ni^nlfcts ihi' use ut any error
torn-Ltion tfrm.
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TABLE II

Cirangcr C'ausaiit\ I'esls"

;VK// F-SUilistic
Crilicai Vahicfor

F(6, 257) nith a - (.'(mcltisif)ii

Af does nol granger cause APPI 1,437
Af does not granger cause AMCB 0.973
Afdoes not granger cause APOIL 1,244
At does not granger cause ASWISS 0.599

2.10
2,10
2.10
2.10

Did not reject /%
Did not reject H,,
Did not reject /-/„
Did not reject H,

•The condition ihal A /, does not granger cause Ax,, is necessary bul not sufficient tor Ax, to be exogenous with respect to
Af. We ciioose to report granger tests of granger causality, as Geweke, Meese. and Dent (1983) report strong evidence
for preferring these tests lo ottier variants proposed in the literature.

rejected at conventional significance levels. Thus, there is little evidence
that A/, granger cause APPI,, AMCB,, APOIL,. or ASWISS,. These results
suggest that it is plausible to assume exogeneity of the market
fundamentals.

Iterating hetween the expectation maximization stop to estimate the
paratneters of equation (I S) anil the Kalman step to generate the unob-
servable huhhie, dynamic factor analysis concluded that five variables are
statistically significant in determining the futures price.'^ However, the
existenee of the bubble itself is ven much in doubt.'^

A^iri.ililL's lliat ui-rt' inclLiik-il in the Iransitinn f(|ii;ili()n or in iht- me;isurcmfnl rqiinlion, at iinv

phiisi' ol ihc teslinj;. Lire lisU'd lu-lov* Hitli tlu-ir rfspt'cti\f sources. All [ht- entries represent data
coilfclfd al the ilost- of ihe hisl marking day of the month. Far example ihe re;il return on iht-
Standard and Poors 500 Composite Stoek Index. SAP,, is the pereentage change in SAP, from the
end of ( - I lo the end of I deflated hy ihe producer's priee index at the end of t. Ihe j;old and
platinum futures prices ure the nearest delivery months closing priee. [RK.L, is the average of the
hitl-ask quotes in the Wall Street Journal.

All datii are (or ihe period I/7S-6A!S monthly observalions

Abbreviation Data Item Source

SWISS
SAP
PPI
s

MCB

CRUDt:

TBILL
PIAT

POIL

Swiss franc/U.S. dollar
SiiP SOO Stock Index
PPI—linished goods (not seasonally adjiistedi
Noon London gold price fix
Money tenter hank |iricc index

C rtidc oil price-refiners cost (im|>ort('dl
Ciolil iLitLtres priee
I monih f-Hill
Platinum lutures price
Spot price of wheat
Price of crude oil

(. itibase
C iti base
t'ilihasc
Cilibase
Standard ti Poor's
Statistical Service
t itihase
Wall Street journal
WVill Street Journal
Wall Street Journal
C iti base
C'itibase

I be EM iilgorilhm has many attraetive features. Korcmost amonf; these are ils computaliunal
simplicity and its convergence properties. In our earlier Monte C^iulin'xperinients. the method found
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TABLE III

Dynamic lactor Coefficients oF RilS Variables in the Measurtment h!c|uation

tsthmiic of the I'ii'spective
Vur IWuced form (:<>c'ff\ciems SlJ trwri>f Estimate"

APPI, 0.2415 0.1055
AMCB. -0.3815 0.1573
APOIL, 0 0618 0,0311
ASWISS, -0.2633 0.0842
AS, , 0 5006 0.0375
AS, , 0.1026 0.0616

•'The model s initial parameter values were varied and a severe convergence criteria was employed to avoid local optimi-

zation results.

The empirical results reeordcd ahove in Table 111 estahlish the sta-
tistical importanee of the prodticer price index in the determination ot
A/,. Given the attraetion of gold as a hedge against inflation, changes in
the PPI, could conceivahly produce changes in the priee ol' gold and do
increase price of gold futures contracts.''' MClJ, was included in the anal-
ysis to proxy the level of international uncertainty. As manifested hy our
statistieal results, increases in international uncertainty (a tail in MCB,)
increase the price of gold futures. Crude oil prices were included in the
testing hecause we felt that if oil prices went up then the demand for gold
would go up and the supply of gold would Fall. These shifts in the demand
and supply schedules would not only inerease the price of gold hut, as
documented by a significant cocFficient of .0618, increase A/,. In order
to proxy the attractiveness of holding foreign exchange as an alternative
to gold, SWISS, was included in .v, and used as a RHS variahle in the
estimation of equation (IS). A significant reduced form coefficient of
— 0.26.^3 is testimony to its importance in the determination of A/,. Pre-
dictably, lagged gold spot prices have a statistically significant impact
upon gofd Futures prices. A dollar increase in s, increases subsequent
futures prices by fifty cents. The role of speculative bubbles in tbe deter-
mination of gold futures priees is not obvious, AB,. | the lagged specu-

estimatfs in llif rcj-ion (if tin- m;i\imLim reasonably quickly from even poor initial guesses.
I he nifthdil iilsn has lhe desirable prniK-rty that il eonstruets /i Liml Q to be p()sili\c semitlelinilc
malriees iiiul iherefore eliminates the neetl ((ir arbilriir\ |ienalt\ liiriclians lo IKHIIKI the parameter

space.
'•^The stimdiird errors ol' lhe maximum likelihootl eslimales detailed above were enieiilaled hy lakinj;
the inverse of I ishcr's information matrix. .All eocltieienls listed hud asymplolit t slalisties ihiit wtrre
signilieant Mitb a = 0.01.
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FIGURE 1
Computed (-stiitistics of futures markft Mocliiistic btibblcs.

liitivc bubble hiis a sizeable but statistically insignificant reduced form
coefficient.""

Dynamic Factor Coefficients of RHS Variables in
the Transition Equation

RHS Var

AB,

Estimate of tbe Respective
Reduced I orm Coefficients

0.29,^8

Std Error of
Estimate"

0.0.^87

The transition equation for speculative bubbles yields a statistically
significant coeffieient for AB,_ ].

Estimates ol the bubbles and its standard deviation lor the entire
sampie ure reported in Table IV and they are displayed in figure I. Ac-
cording to Table IV, speculative bubbles in gold futures priees were ab-
-""Che results tor the mc.isiiromonl f<|Lî ilii>n ;nul ihi- Inuisilion fquLJtiDn pmvidf the final estimates
ol ihc piinmiftcrs .ilti-r convergence in ihf likflihom] tiinttion II;KI been ubliiined. Convergence took
4fi iterations iind less than 94 sec CPU on IRM.^dO. Of course, many prcliminar> runs were per-
formed as insignificant independent variables uerc dropped from the dynamic factor analysis. In
addition, the state space vector was augmented with dynamic speciiications ol' tfie random errors
terms that appeared in the transition and measurement equations. As evidenced by the I)\V statislies.
ibis generalization of ibe model remedied our first order serial correlation problems.

I be standard error ul tbe maximum likelihood estimate detailed below was calculated b\ taking
the inverse ot Kisbcr's information matrix. I be coefficient listed bad asymptotic (-statistic tbat was
significant at a = 0.01.
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Kalmaii I'stimalcs oi"

TABLE IV

and I bf i r Standard Devialions; Gold h'utures Market
Bubbles" t l975.1-1998.6)

Oute

1975.1
1975.2
1975.3
1975.4
1975.5
1975.6
1975,7
1975.8
1975,9
1975.10
1975.11
1975 12
1976.1
1976.2
1976.3
1976.4
1976.5
1976.6
1976.7
1976.8
1976.9
1976.10
1976.11
1976.12
1977.1
1977 2
•1977.3
1977.4
1977.5
1977.6
1977.7
1977.8
1977,9
1977.10
1977,11
1977,12
1978.1
1978.2
1978,3
1978 4
1988 5
1988.6
1988.7
1988.8
1988.9
1988,10
1988,11
1988.12
1989.1

-0 .335
-1 .537
-1 .617
- 1 832
- 1 739
-3.401
- 3.602
-3 .369
-2 .016
-1 .976
-0 ,414
-0 .183
-3.897
-2.041
-2.595
-2.002
- 1.053
-0 .576
- 1 337
-1 .106

0.056
0.397
0 678
1.048
0.328
0,676

-0 .003
- 0 448

0 107
-0 .894

0.034
1.153

-0.031
-1 .091
- 1.356
-0 .127

1,073
0,103

- 0 293
0.173
0,438
0.773
0 008

-0 .263
-0 .458
- 1.325
-0 .148

0.344
-0 .678

31 62
10.67
2.576
2.114
2,074
2.070
2.070
2 070
2.070
2 070
2.070
2.070
2 070
2,070
2.070
2,070
2,070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2,070
2.070
2.070
2,070
2.070
2.070
2.070
2.070
2 070

Diilc

1978,5
1978.6
1978.7
1978.8
1978 9
1978.10
1978.11
1978.12
1979,1
1979.2
1979.3
1979.4
1979.5
1979.6
1979.7
1979,8
1979.9
1979.10
1979.11
1979 12
1980.1
1980,2
1980.3
1980.4
1980.5
1980.6
1980.7
1980.8
1980.9
1980.10
1980,11
1980 12
1981.1
1981.2
1981.3
1981,4
1981.5
1981.6
1981.7
1981.8
1991.12
1992.1
1992.2
1992.3
1992.4
1992.5
1992.6
1992.7
1992.8

fl

0.257
0.504
1.277
1 268
0 789
0 401
0.360

-0.490
-0.571

0.128
0,359

-0.104
0.501
1.707
1.722
0.770
1 482
3.600
3.685
3.514
3.731
3.587
3 934
2 361
3.922
2.352
3.982
2.754
1 658
0 282
2.700

- 2,966
-2.717
-3.090
-2.203
- 0 697
-0.174

0.855
-1.814
- 3 443

2.441
-0.872
- 3.764
-3.899
-3,803
-3.091
-3.318
-2.441
- 2 223

sfiB,)

2 070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2,070
2,070
2,070
2.070
2.070
2,070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2,070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2.070
2.070

Diitc

1981.9
1981.10
1981.11
1981.12
1982 1
1982,2
1982.3
1982,4
1982.5
1982.6
1982.7
1982.8
1982.9
1982.10
1982.11
1982,12
1983.1
1983.2
1983.3
1983.4
1983 5
1983 6
1983.7
1983.8
1983.9
1983 10
1983.11
1983.12
1984.1
1984.2
1984.3
1984.4
1984.5
1984.6
1984,7
1984.8
1984.9
1984.10
1984.11
1984.12
1995.7
1995.8
1995.9
1995,10
1995.11
1995.12
1996.1
1996.2
1996.3

fl

-1.156
-0.682
-1.978
-2.117
-3.071

3.423
2.561
1.755
3.071
3.678
2.173
3.630
3.965
2 642
1.037
1.665

- 2.020
0.854

-2.490
- 2.200

0.113
-0.342
-0.373
-0.072
-0.444
-1.333
-0,810
-0,178
-0.028
-0.212
-0.553
-0.697
-0.650

0 926
0.445

-0.562
0.947
2.624

-0.901
-4.276
- 0 091
-0.318
-0.442
- 0.223

0.955
1.625
0.277

-0.250
0 363

sdB,)

2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2,070
2.070
2.070
2 070
2.070
2.070
2,070
2,070
2.070
2.070
2.070
2.070
2 070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2,070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2 070
2.070
2.070

DiiW

1985.1
1985.2
1985.3
1985.4
1985.5
1985.6
1985 7
1985.8
1985 9
1985.10
1985 11
1985.12
1986.1
1986.2
1986.3
1986.4
1986.5
1986,6
1986.7
1986.8
1986.9
1986.10
1986.11
1986.12
1987.1
1987.2
1987.3
1987.4
1987 5
1987.6
1987.7
1987.8
1987.9
1987.10
1987.11
1987.12
1988.1
1988.2
1988.3
1988.4

fl

-2.716
- 1.049
- 0 134
-0.141

0.794
1.238
0.362
0.863
1.515
0.573

-1,018
-0,678

0.996
1 135
0414
0.252

- 1.324
- 0 908
-0,868

0,966
2.137
2.137
0.166
0.625
0.677
1.515
1.362
1.176
1.325
0.290

-1.576
-1.091
-2.721
-3.578
-2.147
-2,744

0.064
-0.781
- 1.364
-1.161

Si'iB,}

2.070
2,070
2.070
2.070
2.070
2.070
2.070
2 070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2,070
2 070
2.070
2.070
2.070
2.070
2,070
2.070
2.070
2.070
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TABLE IV (Continued)

Kalman Hstimatt-s of B, and Iheir Slandard Deviations: Gold Futures Market
liuhbk^s" (1975.1-1998.6)

Dale

1989.2
1989.3
1989.4
1989.5
1989.6
1989.7
1989 8
1989.9
1989.10
1989.11
1989.12
1990.1
1990.2
1990.3
1990.4
1990.5
1990.6
1990.7
1990.8
1990.9
1990.10
1990.11
1990.12
1991.1
1991.2
1991.3
1991.4
1991.5
1991.6
1991.7
1991.8
1991.9
1991.10
1991.11

II

-0.839
-0.136

0.806
0.293
0.096
0.584

-0.707
-1,216

0.399
1.057
0.226
0.294

-0.367
-2.055
- 1.300

0.051
0.487
0 126

-0.201
2.541
2.455
1.893
2.212
2.868
2.841
2.473
2.881
2.272
3.443
3.061
3.277
3.268
3.103
3.731

seifl.^

2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2.070
2.070
2.070
2 070
2.070
2.070
2.070
2 070
2.070
2.070
2 070
2 070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070

1992.9
1992.10
1992.11
1992.12
1993 1
1993 2
1993.3
1993 4
1993.5
1993.6
1993.7
1993.8
1993.9
1993.10
1993.11
1993.12
1994.1
1994.2
1994.3
1994.4
1994 5
1994 6
1994.7
1994.8
1994.9
1994.10
1999.11
1995.12
1995.1
1995.2
1995.3
1995.4
1995.5
1995.6

B,

- 1 957
- 1.638
-2.272
-2.251
-3.367
-3,119

0.354
1.263
1.435
1.862
1,509

-0.309
- 1.964
-1.191

0.031
0.223
1.099
0.234

-0.460
-0.493
-0.675
-0.801
-0.270

1.446
1.069

-0.271
- 1.266
-0.104

0.733
0.448

-0.823
-1.176
-0.896
-0.800

...(/},)

2.070
2.070
2.070
2.070
2.070
2.070
2.070
2 070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2.070
2.070
2.070
2.070
2,070
2.070
2.070
2.070
2 070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070

Dule

1996.4
1996.5
1996.6
1996 7
1996.8
1996.9
1996.10
1996.11
1996,12
1997.1
1997.2
1997.3
1997.4
1997.5
1997.6
1997.7
1997.8
1997 9
1997.10
1997.11
1997.12
1998.1
1998.2
1998.3
1998.4
1998.5
1998.6

0.115
0.354
1.263
1 435
1.863
1.511
0 541
0,455
1.309
0.068

- 1.838
-0.477

0,272
4.011
3.733
1.931

-0.927
3.353

- 1 078
-1.421
-1.500
- 0 755

0.078
- 0.678

1.176
1 665
0.281

selB,) Date B, se(B,)

2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2 070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2.070
2,070
2,070
2.070 •»
2.070 -
2.070 ^

'The residual variation documented in our paper could be attributable to regime changes in the determination of the price
of gold futures contracts. If we aoknowledge the possibility of structural changes, then a Markov regime switching model
may well be the best way to investigate the ttme-serjes behavior of the gold lutures price. A Markov-switohing model allows
the likelihood of a structural change to be determined by the data Recall, we found SPOT, ,. MCB, OIL,. PPI. and SWISS,
to be statistically significant in the determination of goid futures prices and, in accordance with this analysis we model the
Markov-switching regime tor gold futures as

/, = uf. + /f,.Spot, , + /;. MCB., + /f,,Oil. + Ii,.PP\. + /(,,SWISS, if S, -

f, = «. + /f,,Spot,., -t- //..MCB, + /y,,Oil, + /y,,PPI, + //..SWISS, + /;„ if s. = 0

where s. is an unobservable two state Markov chain with some transition probability matrix P = [;; •;;.-]. Note, the first column
in P represents the probability of moving from the Ah state to state one These probabilities are unknown and endogenous,
henoe they are to be estimated. Consequently, given Hamilton's Markov-switching regression model {y, = I'.ji + ,:.). he
shows the maximum likelihood estimates for the parameter coefficients and transition probabilities to be
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TABLE IV (Continued)

Kalman Fsliniates al' B, and I heir Slandard l)f\ iiitioiis; Clold Futures Market
Rubbles" (I 47S. I-I 998.6)

2 P Is, = /, s,, , = i\Y,: il\
P.. = -• •

fi' = T • 2 2 (y. - I'lO -Pis. - j\Y.. n\ (3)

where
yii) = y.-vPls, = /IV,;f l | (4)

Hj) = «,-^p|s. ^ yiv,. rt| (5)

(7 = denotes the fuil vector of maximum likelihood estimates
y, = IS a left hand side endogenous variable For our model, y. represents futures prices /,
JE, = is a matrix of right hand side exogenous variables that include for our model SPOT, ,. MCB,. OIL,. PPI,. SWISS,.
,̂' - (y'. y'l •• . y' .,. *.'• * ' •. • • ̂ - ,.,)' '^ 3 vector containing all observations through date (.

To start the estimation process, we obtain initial values fo( the parameters via ordinary least squares, while probabilities
are initialized at 0.5 Starting with the initial guess for ('"\ one calculates p,, from (1). One then calculates the magnitudes
on the right side of (2H5) with H''" in place of ll. The left sides of (2)-(5) then produce new estimates ('' These estimates
(/' are used tc reevaluate (1) and recalculate the right sides of expressions (2)-(5j The left sides then produce another
estimate il • The iteration process continues until the difference between (>''"• '• and (/"'• is smaller than the convergence
criteria of 001.
We ran our empirical analysis in RATS (Regression Analysis of Time Senes}, and the estimation procedure took twenty-one
iterations to converge Given the slope estimates and the standard errors, we test for differences between the corresponding
regime parameters The (-Statistics (f = fi.. - /( /, s;,, + s;̂ . - 2 cov(/f,,. /(.)] for / = jSPOT. ,. MCB.. OIL,. PPI., SWISS.|
are

IKu.n - IK,.,.:? 0.9898
/'„„•„. - IL,,^, -0.5284
ILn - IL, 1.3745
^^,, - /4,,,j - 0 . 1 0 2 8

/(,^,,.,, - jS,^,^,, -2.1037

According to the (-statistics above, the individual parameters lor the right hand side variables SPOT, ,, MCB,, OIL., and
PPI, were not statistically distinguishable across states The reduced form parameters for SWISS, were statistically different,
however, the parameter estimate lor SWISS,, in the first regime was marginally significant (at only the 5% level). The second
regimes estimate for the impact of SWISS, on gold futures was not signiticanl at any reasonable significance level. In
general, the parameter estimates were statistically indistinguishable across states, suggesting, gold futures foilow only one
regime Thus, residual variation in gold futures could very well be attributable to a futures bubble but is certainly not an
artifacf of structural changes due to stochastic regime switching.

nornially large negative vaiues in 1975 and the first half ol 19/6. Al-
though not statistiealiy significant the 6,s v\ere about fifty pereunt larger
than their standard errors. Domestieally in 197S, the niaero economy
continued to siiflcr from the supply side shock ot the 1973 OPEC oil
embargo and endured reeord le\ets ol unemployment. As the OPEC
nations demonstrated their ability to cut off the supply of an indispens-
able good to the world, the global eeonomy held its eolleetive breath and
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the gold futures mnrket was potentially impacted by speculative bubbles.
Dynamic factor analysis suggests that speculative bubbles potentially af-
fected gold futures priees between December 1979 and June 1980. Ibis
period corresponds to tbe events of tbe "Silver Crisis oF 1980" and records
B,s tbat were approximately 1.8 times as large as tbeir standard deviations.
Not too surprisingly wben tbe Hunt brotbers eornered botb tbe spot and
tbe futures market for silver, tbe prices for gold lutures contracts in-
ereased. Our algoritbm intimates tbat part of tbe increase is attributable
to tbe self-fulfilling prophecies of market participants.

In Table IV and Figure I, tbe EM algoritbm maintains tbat price
bubbles for gold futures were unebaracteristically bigb from the end of
1981 to the beginning of 198.^. Ibis period is distinguisbed by an inter-
national banking seare. Tbird world debt at tbis time equaled $700 billion
dollars—a large portion of wbicb could not be paid on time. Many inter-
national banks were burdened witb debt from developing nations, espe-
cially Mexico. Some of these banks were unable or simply refused to
resume sbort-term lending to Mexieo and other developing nations. I be
subsequent financial impasse generated a great deal of international eco-
nomic uncertainty and created bubbles tbat were statistically significant
at lower critical values (Fig. I) . Dynamic factor simulations produce gold
futures bubbles tbat were negative and statistieally significant immedi-
ately before Blaek Monday in October 1987.

I inally. our time series representation of B, displays extraordinarily
large positive values of B, and tben large negative values of B, from Fall
1990 until tbe Winter 1993. Tbe fraqi war elearly coincides with tbe
bubbles recorded in tbe early part of tbis time interval, wbereas later tbe
B, s aeeompany stabilization problems in tbe European Fconomie Com-
munity. In 1992 Cerman efforts to finance tbe rebuilding of East Ger-
many with debt, increased interest rates, and attracted foreign capital. In
tbe middle of reeessions, otber EEC members were forced witb eitber
allo\\ ing ibeir own interest rates to rise or with devaluing their curreneies
relative to tbe Deutscbmark. In tbe midst of tbis international eeonomic
uncertainty, large speculative gold futures bubbles were engendered.

A total of 288 observations are used in tbe estimation for gold future
bubbfes. At eacb point in time, all 288 oecurrences, tbe Kalman filter
generates an expected value for tbe unobserved bubble. Statistically test-
ing for the existence of bubbles, at S%a levei, manifests very little support
for tbe idea tbat bubbles are present in gold futures prices. However,
relaxing tbe a level to ]09(, we find greater incidences of statistically
significant bubbles. In Figure I, we see signifieant bubbles move in runs
and are associated witb notable socioeeonomic events (i.e.. Silver Crisis,
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Bank Scare, Black Monday, European Economic Crisis. Gulf War). Since
these results hold only at lower levels of significance, we interpret them
euutiotisly. IJut tho association of sij^nifieanl htihhies v\ith dramatic his-
torical events, we feel adds to iheir credibility. Ihe runs suggest thai,
although changes in the market fundamentals reflect the drama ol the
scenario at hand, market participant skepticism of previous structural
relationships has potentiafly proiiueed some trend chasing and, conse-
quently, speeulative bubbles.""

CONCLUSIONS

We have employed dynamic factor analysis to document price bubbles in
the gold futures markets. In addition, we estimated the impaet of the
fjuhbles representation on the et|Liilihrium futures price. First, market
participants were introduced. Equilibrium prices for gold spot and futures
markets were then determined, followed by a discussion of our state space
motlel. Estimation results led to the conclusion that, at conventional lev-
els of signiflcanee, our test statistics cannot establish the existence of
rational speculative huhhles in the gold futures markets. However, if the
stringency of the testing is marginally relaxed, episodes of statistieally
significant bubbles can be documented, and their occurrences arc asso-
ciated with notahle historic events.
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