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Arbitrage Conditions, Interest Rates, 
and Commodity Prices 

John Kitchen and Mark Denbaly 

Abstract ThIS research exammes the arbtlrage 
cond,tlOn between {inanctal markets and commodtty 
markets Accordmg to the standard arbtlrage 
condtllOn, for rISk-neutral tnvestors to be md,f(erent 
between holdl.ng secunt~es or commodlttes, the 
expected commod,ty prtce appreCtatlOn, adjusted for 
physl.cal storage costs. must equal the rate ofreturn on 
{inanctal assets For agrtcultural commod,t,es, 
however, the convenr.ence y,eld drwes a wedge between 
the mterest return and the commodtty prtce spread 
Emptrtcal results support th,s pos,tlOn, but also 
prov,de ev,dence that the commodtty prtce spread 
properly mcorporates mterest costs 

Keywords. Commod,ey prtces, mterest rates, arb,trage 

Over the past decade there has been Increased Interest 
In examuung the response of fleXible pnces to 
macroeconomiC . shocks InternatIOnal economists 
have theoretically and empIrically analyzed the 
dynamics of fleXible exchange rates and have 
extended the celebrated overshootIng model of 
Dornbusch (3) to examIne numerous factors affectIng 
temporal exchange rate behavior I A crucial 
component of these models IS the Interest panty 
conditIOn (lPC), which specifies a relatIOnship 
between mterest rates and the Imphed dynamics of 
exchange rates 

A rapidly growmg hterature has extended the IPC 
and the overshootmg-type analYSIS to pnmary com
modity markets, particularly agncultural commodity 
mark~ts Frankel (4) has argued for USIng these 
models In agricultural research (5, 6, 7) Stamouhs, 
Chalfant, and Rausser (18) and Huffman and Langley 
(10) empirically tested the overshootmg of agrlcul· 
tural PriCaS, and Rausser (17) emphaSized the Impor· 

The authors are economists WIth the Agriculture and Rural 
Economy DIVISion, ERS An earher verSIOn of thiS article was 
presented at the 1986 meetmgs of the Eastern EconomiCS ASSOCl8 

tIon Margaret Andrews, Gerald Schluter, Bnd two anonymous 
reviewers prOVIded helpful comments 

lIta!lclzed numbers In parentheses refer to Items to the 
References at the end of thIS artIcle 

tance of applymg the overshootIng response to .agrl
cultural models to explam the prIcmg behaVIOr 2 

The IPC IS Important m both exchange rate over
shootIng models and commodity pnce overshootmg 
models Given (1) the Interest m the commodity price 
overshootIng models, (2) their Importance for pohcy 
deCISIOns, and (3) the fundamental Importance of the 
!PC In these models, we exanuned the !PC for pnmary 
commodity markets In greater detail Although the 
IPC has been extensively tested for foreign exchange 
markets,' ItS vahdlty for primary commodity markets 
has not been exphcltly mvestlgated 

Our objective In thiS study IS to answer the followmg 
questIOns Does commodity pnce behaVIOr conform to 
the Interest parity condition? If not, to what call we 
attribute the failure? What are the Implications of 
the observed results for studies and models, hke the 
overshootmg analyses, that use the mterest panty 
conditIOn? 

Theory 

Interest panty conditIOns (IPC) speCify relatIOnships 
between Interest rates and Imphed asset price 
dynamiCs such that risk-neutral Investors are mdlf
ferent between holdmg a financlalillstrument and an 
alternative asset If the IPC IS a correct characteriza
tion of market behaVIOr, a systematic VIOlatIOn of the 
IPC would proVide for riskless profits and the market 
would be IneffiCient For example, m the foreign 

20vershootlng analyses examme the dynamICS of price reactlOns 
to money shocks "Overshootmg" IS variously defined m the 
lI~r8ture 8S a more than proportIonate response of the spot prIce 
relative to (1) the money shock, (2) the expected future spot prtce, 
or (3) the (unobservable) current penod "eqUIlIbrium" spot price 
(14) Note t.hat WIth the first two defimtlOns,-glVen specific condI
tIOns or pohcles, undershooting IS a possIbIhty For a dISCUSSion, 
lIterature reVIew, and empIrical mformatlOn on overshoot_lOg ver 
BUB undershootmg, see Kitchen and Denbaly (12) 

3Studles by Frenkel and LevIch (9) and by MIshkin (13) are 
among many that demonstrate that covered mterest rale panty 
holds In a static sense for mterest rates and exchange rates Husted 
and Kitchen (11), m theIr money announcement study, prOVide 
mformatlOn on the ImplIed dynamiC responses ofmterest rates and 
exchange rates They show that responses to money shocks are 
conSIstent WIth the covered mterest panty condltlOn See Bllson (1) 
for a diSCUSSIOn on the faIlure of uncovered arbitrage to hold 10 In 

ternallonal financ181 markets 
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exchange market, the IPC specIfies a relatIOnshIp 
between Interest' rates and exchange rates such that 
Investors are indifferent between holding domestlc
and forelgn-currency-denomlnated assets SImIlarly, 
In commodIty markets; the !PC specIfies a relatIOnshIp 
between Interest rates and commodIty prices such 
that Investors are indIfferent between holding com
modItIes and financIal Instruments 

Interest parIty condItions have been extenSIvely ex
amined and tested In the exchange rate literature 
The uncovered (or open) IPC for exchange rates IS 

In (E,S,+,1- In S, = In (1 + I,) - In (1 + 1\,,) (1) 

where It,) and 1· t,J are the domestic and foreIgn J·penod 
nominal Interest rates, respectlvely,'S, IS the spot ex
change rate, E,S,+, represents the ratIOnal expectatIOn 
of the spot price In perIOd t+J formed In period t, and 
In IS the natural logarithm The exchange rates are 
specIfied as the domestic currency price of the foreIgn 
currency The covered (or closed) IPC for exchange 
rates IS 

In X",+, - In St = In (1 + It") - In (1 + 1-,,,) (2) 

where X, t+, IS the forward exchange rate for contracts 
to be delivered In period t+J If the equality In equa
tIOn 2 dId not hold and there>were no transactIOns 
costs, riskless profits could be made For example, 
suppose that the left-hand-slde (LHS) IS greater than 
the rlght-hand-slde (RHS)-that IS, that the contracted 
rate of appreciatIOn of the domestic currency IS less 
than the dlffelence In the rates of leturn on domestIc 
and foreign bonds In terms of a speCIfic currency, the 
rate of return on foreIgn bonds would exceed that on 
domestic bonds DomestIc bonds could be sold at rate 
ItJ and one could use the domestIc funds receIved from 
that sale to purchase the foreIgn currency at the spot 
rate S, and the foretgn funds could then be Invested at 
rate I'cJ SImultaneously, a forward contract to sell 
the foreIgn currency at rate X"'+J would be made In 
pellod t+J the funds from the foreIgn Investment 
would be converted mto the domestIc currency at rate 
Xt"+J The resultmg domestIc funds would exceed the 
amount reqUIred to payoff the orlgmal loan, the dlf 
ference representing the riskless profit 

As noted earlier, the duect applicatIOn of the !PC to 
agrIcultural commorutles for studymg macroeconomic 
Impacts IS a fairly new procedure for agricultural 
economists However, the concept was not'unknown, 

It was dIscussed In a SImIlar context In the "theory of 
the price of storage" of the agrIcultural marketmg 
literature 4 The theory of the price of storage mrueates 
that, so long as supplies of a storable commodIty are 
relat!vely large, the dIfference between the SImulta
neously quoted far- and near-term futures prices of 
the commodIty WIll equal the full storage cost In the 
literature, the full cost ofstorage IS defined as the cost 
of warehOUSing and msurance plus the finanCIal costs 
assOCIated WIth ImpliCit Interest (opportunIty) costs 

Assuming risk neutrahty, the uncovered (or open) 
!PC for a storable commodity can be WrItten as 

In (E,P ,+,) - In (P t + C,) = In (1 + It) (3) 

where 

E,Pt+J = the rational expectatIOn formed m perIOd 
t for the spot price m perIod t+J, 

P, = the spot prlce'm period t, 
C,,] = the J-penod phYSical storage cost m 

perIod t, and ' 
I',J = the J-perlod rate of Interest observed In 

perIOd t 

The covered (or closed) IPC reqUIres that a future 
delivery price be speCIfied In the current period, thus 
ellmmatmg the risk assocl8ted WIth uncertainty about 
changes In the spot price over the holding perIOd ThiS 
conditIOn IS represented as 

In Ftt+J -In(P, + Ct) = In(1 + It) (4) 

~here F,,'+J IS the price for a futures contract to be 
delivered In perIOd t+J as set In period t The covered 
arbItrage conditIOn speCified here dIffers from the un 
covered case because there IS a contracted rate of com
modity price appreCIatIOn rather than Just an expected 
rate The covered !PC mdlcates that, If the LHS m 
equation 4 were greater than the RHS, funds could be 
borrowed at rate It,J and that, Simultaneously, the 
commodIty would be purchased at the spot price P, 
and a futures contract would be sold at the futures 
price F t,t+J The commodity would be stored at cost Ct,J 
over the J-perlOd hOrizon to delivery In period t+J the 
commodIty would be delivered, and price F,,'+J would 
be receIved The funds receIved would exceed the cost 
of the orlgmal loan, and riskless profits would be 
made ThIs scenariO IS extreme m the sense that only 
a small percentage of futures contracts are ever 
dehvered However, the relatIOnship IS the exact 

4See Peck (J6) for a conClse summary 
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hnkage that constrams futures markets to be closely 
hed to spot markets 5 

A potentIal problem arises m applymg the IPC to 
commodIty markets If the RHS were greater than 
the LHS m equatlOn 4, the opportumty for nskless 
profits would not eXIst For mternatlOnal financIal 
markets, eIther currency could be borrowed for 
ImmedIate use and the debt could be repaId lateI 
However, a commodIty to be produced III the future 
cannot be "borrowed" from the future to be sold'm the 
spot market for posseSSIOn today (If such an achvlty 
were possIble, It would drIve the spot pnce down 
relatIve to the future price, mcreasmg the LHS 
spread untIl It equalled the RHS) In the absence of a 
nskless profit mohve, another force mIght mamtaIn 
the IPC The reqUIrement IS that commodIty hoidel s 
treat the commodIty as a portfoho asset In thIs nsk
neutral framework and If one abstracts from trans 
actIons costs, If the rate of return on financial assets 
exceeded the rate of return on commodIties, portfohos 
would be reahgned wIth commodlhes bemg sold and 
fmanclal assets bemg purchased untIl the rates of 
return were equated If commodIties were held for 
purposes other than as portfolIo assets (for example, 
as pnmary Inputs mto a productIOn process), the IPC 
could be systematically vIOlated That IS, the condI
hon In equatIOn 4 would then be 

(4 ? 

We would expect that the more a commodIty devIated 
from beIng sImply a portfolIo asset, the greater would 
be the devIatIOn from the IPC 

PrecIOus metals are perfectly storable, are contm
uously produced, and are held prImarIly as portfolIo 
assets Under these conditlOns, arbItrage should en
sure the equalIty of the pnce spread and the Interest 

5EquatlOna 3 Bnd 4 are Wrltten differently from those generally 
used III the hterature (5, p 345, equatIon 1) First, the IPC equB 
tlOns often use the Interest rate directly rather than In (1 +1) This 
procedure can be Justified through an approximate equality In the 
IPC SInce In (1+1) == 1 when I IS "close" to zero Second, In the 
hterature, the storage cost term IS usually assumed to be "con
stant" and to enter addltlvely In logarithms as In 

However, for thiS equation to be correct, storage costs must be a 
constant percentage of the spot prIce, a condItIOn that IS 
systematically vlOlated for agricultural commodIties Note that 

- In (Pt + Ct,J) == -In Pl - sc 1£1' Ct,J = BC Pt 

To aVOId these problems, we ,used the formulatlOD of the text WIth 
the per Unit storage cost entering addltlvely WIth the level of the 
spot pnce 

rate AgrIcultural commodIties, however, are produced 
seasonally, and supphes can be occaSIOnal and rela
tIvely small Under relatIvely small supphes, tlie 
prIce dIfference can drop below the full cost of storage 
and may even be negatIve ("Inverse carrymg charges") 
As scarCIty Increases,and as the spot prtce IS dnven 
up relatIve to the future prtce, the resultmg drop m 
the prIce dIfference creates a dISInCentive for storage, 
as the return on storage falls below that reqUIred to 
cover full storage costs Under such condItIons, for the 
IPC to be, vIOlated, stockowners must attach IntrInSIC 
value to theIr avaIlable stocks and POsseSSIOn of the 
commodIty allows them to meet current, use reqUIre
ments When supplIes are relattvely small, commochty 
ownershIp can prOVIde what IS typIcally called a 
"convemence YIeld" (the lIqUIdIty premIUm for the 
commodIty IS gl eater than zero) The convenIence 
YIeld explams the mequalIty m equatIOn 4' 

Empirical Evidence and Interpretation 

The theoretIcal presentatlOn produced speCIficatIOns 
for testmg the covered and uncovered verSlOns of the 
IPC By treatmg the mterest rate as exogenous, we 
can estimate the followmg regresslOns. 

InF"+J -In(F,,, + Ct) = a +bln(l + It) + et.) (5) 

where F tt + J IS the prtce m perIod t of a futures con
tract to be delIvered m penod t + J (FI.t and F t +J,t +J 
are analogously defined) and It.) IS the J-pertod 
nommal rate of mterest observed m pertod t In equa
tIOns 5 and 6 the spot pnce IS represented by the 
futures pnce for contracts WIth current pertod 
dehvery 6 

The LHS In equatIOn 5 IS the contracted rate of 
change In the commodIty pnce, thus, equatIOn 5 IS the 
regresslOn for testIng the covered IPC Usmg the 
assumptIOn of ratIOnal expectatIOns so that the actual 

&rhe price on the current delIvery futures contract dIffers from 
the spot prIce by the basIB The baSIS accounts for quality, locatIOn, 
and other dill'erences between the spot and futures markets To 
assure homogeneIty of the commodity for bot-h the near and far 
term pnces across tIme, we used the current dehvery futures pnce 
rather than the cash spot pnce 

We dId not use storage cost data to adjust the prIce spread for 
preCIOUS metals UnlIke agncultural COmmOdItIeS, whIch are bulky 
and have slgmficant storage costs that vary greatly as a percentage 
of prIce, preClOUB metals can be Btored at a cost that 18 tyPIcally a 
small and faIrly constant percentage of the spot prIce ThIS storage 
cost percentage would then be captured In the mtercept term In the 
precIOus metals regreSSIOns 

Other varIables that explaIn the LHS price spreads In equatIons 
5 and 6 that are omItted are assumed to be orthogonal to the In 
terest rate 
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prIce deVIates from the prIOr expectatIon by a random 
error, that 18, 

we can use equatIon 6 to test the uncovered IPC If 
the IPC IS a correct characterIzatIOn of commodIty 
prIce behavIor, the testable JOInt hypothesIs In each 
case IS (a,b) = (0,1) and (c,d) = (0,1) 

Note that the Frankel-type IPC relatIOns do not explIc
Itly account for transactIOns costs, partIcularly the 
margIn depOSIt reqUIred for seilIng the far-term 
futures contracts for the covered IPC case Incorporat
Ing the margIn depOSIt YIelds 

In (Ft,t+P +m)) -In (Ft,t + CtJ + mFtt+,) =In (1 + It ,)(7) 

where m IS the margIn percentage The dIfference 
between equatIOns 4 and 7 IS the Interest cost of the 
margIn depOSIt Under the IPC, equatIOn 7 can be 
rewrItten as 

The RHS of equatIOn 7' IS slIghtly larger than the 
RHS of equatIOns 3 and 4, but more Important, the 
omItted varIable In regressIOns lIke equatIOns 5 and 6 
WIll be correlated WIth the regress-or, leadIng to POSSI
ble coeffiCIent bIas For estImatIng regressIOns based 
on equatIOn 7 we assumed that m was 10 percent Note, 
however, that large traders can depOSIt Treasury bIlls 
as margIn and the Interest would accrue to the trader, 
so the role of margIn Interest In the prIce spread may 
not be very Important 

We acqUIred data for futures prICes and Interest rates 
for 1971-86 Futures prIces for two types of storable 
commodItIes, precIOus metals and agrIcultural grams, 
were taken from the ChIcago Board of Trade Statls
Ileal Annual The sample perIod for precIOus metals 
covers the shorter 1975-86 perIod 7 To aVOId estIma
tIOn problems assocIated WIth overlappIng data or the 
use of perIod averages, we drew the data for the 
futures prIces from the first bUSIness days of March 
and September for the March and September con
tracts 8 Th,s procedure establIshes the tIme hOrIzon, J, 

7Data for the, most recent futures obselvatlOns were supphed by 
an anonymous reVIewer 

8See Cumby and Mishkin (2, PP 6 7) for a diSCUSSion of estImatIOn 
problems assoculted With overlaPPing data The ssmphng tech
mque we use~ matches the forecasting mterval WIth the samplIng 
mterval If we had taken addItional obsen-atlOns wlthm the sam 
pIe. the forecastmg and samplmg Intervals would have "overlapped" 
and the regreSSIOn errors would have followed an autoregressIve 
process Although there are estimation procedures that account ror 
these problems, v.e chose to aVOId the error structure problem and 
thereby preserve the deSIrable properties of ordInary least squares 
estimatIOn 

to be 6 months, thus, there are two observatIOns per 
year In a tIme series' format For example, for March 
observatIOns, the futures price at clOSIng on the first 
bUSIness day of March for a March delIvery contract 
IS used for the near-term price The far-term, 6-month 
ahead, pnce IS the futures prIce for September 
delIvery contracts at clOSIng on the first bUSIness day 
of March September observatIOns are analogous, 
WIth September delIvery contract prIces speCIfYIng 
the near-term prIce and March delIvery contract 
prIces specIfYIng the far-term prices The market 
YIeld for 6-month Treasury bIlls was used for the, 
Interest rate We dIVIded the annual YIeld by two to 
convert It to a 6-month rate of return The near-term 
prIces for agrIcultural commodItIes were adjusted to 
account the the 6-month phYSIcal (nomnterest) stor
age cost The phYSIcal storage cost data for the 
various graInS came from the AgrIcultural StabIlIza
tIOn and ConservatIOn ServIce (ASCS) 9 We dIVIded 
the reported annual values by two to obtaIn a 
6-month storage cost 

The use of CommodIty Cred,t CorporatIOn (CCC) 
storage cost data merIts further d,SCUSSIOn Paul used 
an approach SImIlar to ours to examIne the prlcmg of 
bInspace In the 1952-65 perIod (15) By (1) adjustIng 
the far-near prIce spread (the carryIng charge) for 
Interest and commISSIOn costs, (2) droPPIng the May
July observatIOns, (3) assumIng that the convemence 
YIeld on at least one of the five commodItIes examIned 
was zero In each remaInIng observatIOn perIOd} and 
(4) USIng the largest value of the Interest/commISSIOn 
cost-adjusted carryIng charge among the fi ve commod
Ites, Paul obtaIned an esfImate of the competItIve 
price of bInspace The estImated competitIve prIce 
varIed above and below the CCC storage rate, but on 
average the estImated prIce was below the CCC rate 
(11 6 cents vs 13 8 cents per bushel) ThiS final 
average result conformed WIth the conceptual VIew 
advanced by Paul that the CCC rate would tend to ex
ceed the competItIve prIce 

We cannot claIm here, by USIng the CCC rates, that 
we have an exact proxy for the true competItIve 
phYSIcal storage cost We recogmze the lImItatIOns of 
ItS use The CCC rates can be written as the sum of 
the true competItIve phYSICal storage cost plus an 
error In our estImated regressIOns the add,tIOnal 
error WOUld, as a percentage of the price, enter Into 
the RHS of the relatIOnshIp SystematIc components 
of the error would be captured m the estImated Inter
cept, and random components would enter Into the re
gressIOn error If the CCC rates were systematIcally 

9We thank Lmwood Hoffman of ERS for provldmg us WIth the 
storage cost data The data were Government storage costs from 
the ASCS Warehouse DIVISIOn of Commodity Operations 
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larger than the true compehhve price, the Intercept 
eshmate would be biased downward However, this 
informatIOn and the data suggest that the magmtude 
of the bias would be small, ranging from 0 33 for soy
beans to 119 for oats with an average across _the 
grains of 0 71 

Tables 1 and 2 show the results for the covered IPe of 
equatIOn 5 and the margm-adJusted form based on 
equatIOn 7 All the coefficient estimates for the m
terest rate term have correct SignS, and t-tests reveal 
that these estimates do not differ significantly from 
1 0, 'as 'hypothesized The mtercept estimates for 
precIOus metals are not slgmficantly different from 
zero, as hypothesized However, significant negahve 
Intercepts are observed for the agricultural grams 
regressIOns (the oats and corn mtercepts are, slgmfl
cant at approximately the 6-percent and 14-percent 
levels, respectively) The F-statistlcs for testing the 
hypothesIs that (a,b) = (0,1) mdlcate that the Jomt 
relatIOn for covered IPe cannot be rejected for metals, 
but the hypothesIs IS rejected m every case for grams 
at the 1 percent level The results for the unadjusted 
and margin-adJusted forms are similar, and the bias 
does not appear to be that Important 

Tables 3 and 4 show the results for the uncovered IPe 
of equatIOn 6 None of the coefficient eshmates IS 
slgmficantly different from zero However, the slope 
coefficient IS significantly dIfferent from 1 0 only for 
the stacked grams regressIOn, whereas the JOint (0,1) 
hypothesIs IS rejected only for corn and oats There
fore, one must conclude the variance of the expecta-

Table I-Covered IPC regressIOns for preClOUS metals 

CommodIty a b R' 

Gold 0880 0866" 0392 
(1081) ( 241) 

SIlver -1339 1293" 310 
(1843) ( 411) 

~ 
Margm 

ad.Justed 

Gold 804 784" 392 
( 978) ( 218) 

SlIver -1209 1170" 309 
(1673) ( 373) 

Ordinary-least-squares estImatIOn 
Standard errors appear In parentheses 
... = slgmficantly different from zero at the a01 level 
... = slgmficantly dIfferent from zero at the 0 05 level 
OW = Durbm-Watson statistic 

tIon error IS qUite large relative to the variance of the 
true, regressIOn error That IS, the proper regressIOn 
would use the actual expectatIOn so that the true ver
SIOn of equatIOn 6 would be 

The difference, as prevIOusly stated, IS the expectatIOn 
error Ut+J,J By estimating equatIOn 6 and usmg the 
proxy LHS, we find that the regressIOn error m equa
tIOn 6 mcludes both the true regressIOn error and the 
expectatIOn error 

(8) 

Because of the addItIOnal component In th~ regressIOn 
error, the standard errors m the estimated relatIOn
ship Increase, and hypotheSIS testmg IS compromised 
These relatIOnships help explam the absence of 
statistical slgmficance m the uncovered IPe results 
of tables 3 and 4 

Note an Important characteristic of finanCial and 
primary commodity markets the role of "news" 
Much attentIOn has recently been devoted' to models 
that explicitly account for mformatlOn and the ways 
In which new mformatlOn (the "news") affects prices 
Frenkel (8) and others developed the "news" concept, 
applYing It to mternatlOnal finanCial markets to 
examme exchange rate adjustment A whole litera
ture uses "news" frameworks to examIne the 
response of variOUS prices and rates to the weekly 
money supply announcements Articles by Frankel 

DW F n 

180 057 _ 22 

1 89 27 22 

180 56 22, 

189 53 22 

F = the calculated value of the test statistic used for testmg the null hypotheSIS HO (8, b) = (0, 1) The critical value 18 

F05 2,20 = 344 
n = number of observatIOns 
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Table 2-Covered ,1RC regressions for gram commodItIes 

Commo(hty a b R' DW F n 

Wheat -8809
(4236) 

1704 
( 991) 

0090 185 865- 32 

Soybeans -8573" 
(3295) 

1 915" 
( 711) 

171 2 04 ,10 01" 32 

Corn -4035 
(2601) 

583 
( 609) 

030 168 2048" 32 

Oats -9077 
(4677) 

1003 
(1095) 

027 157 15'80" 32 

Stacked 
graIns 

-7623" 
(1905) 

1 301" 
( 446) 

063 169 1141" 128 

Margm 
adJusted 

Wheat -8051* 
(3879) 

1552 
( 908) 

089 185 970" 32 

Soybeans -7829-' 
(3030) 

1746" 
( 709) 

168 ,204 1127' 32 

Corn -3673 
(2'374) 

528 
( 556) 

029 168 2345" 32 

Oats -8302 
(4275) 

914 
(1000) 

027 157 1721-' 32 

Stacked 
grams 

-6964-' 
(1 744) 

1 185'" 
( 408) 

063 170 1277' 128 

OrdInary-Iesst squares estImation 
Standard errors appear In parentheses 
•• = sIgmficantly different from zero at the 001 level 
• = slgn!ficantly different from zero at the 005 level 
DW = Durbin-Watson statIstIc 

F = the calculated value ofthe test statIstIc used for testmg the null hypotheSIS 
F 01 2 20 = 5 39 and F 01 2, 126 = 4 77 

n = number of observatIOns 

Ho (8, b) = (0, 1) The CrItIcal value IS 

Table 3-Uncovered IPC regressIons for preCIous metals 

CommodIty a b R' DW F n 

Gold 916 
(1995) 

-187 
(434) 

0010 182 039 21 

Sliver 2592 
(2775) 

-557 
(594) 

040 226 074 21 

Ordinary-least-squares estimatIon 
Standard errors appear In parentheses 
.. = slgmfica"h'ily different from zero at the 0 01 level 
• = Significantly different from zero at,the 0 05 level 
DW = Durbm Watson statIstIc r 

F = 	the calculated value of the test statistic used for testmg the null hypotheSIS Ho (8. b) = (0, 1) The crItIcal value IS 
F06219=352 ' J_ 

n = number of'observatIons 
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Table 4-Uncovered IPC regressIOns for gr81n commodtties 

Commodity a 	 b R' DW F n 

Wheat 703 -236 0029 150 246 31 
(1086) (252) 

Soybeans 15 13 -392 077 246 276 31 
(1085) (251) 

Corn -206 -72 003 143 357" 31 
(1026) (238) 

Oats 	 -800 27 001 187 562"" 31 
(959) (222) 

Stacked 302 -168 016 182 296 124 
grams (5 15) (119) 

Ordmary least squares estimation 

Standard errors appear In parentheses

•• = Significantly different from zero at the 0 01 level 

• = Significantly different from zero at the 0 05 level 

DW = Durbm-Watson statistic 


F = the calculated value of the test statistiC used for testing the null hypothesIs Ho (c, d) = (0, 1) The critical value IS 


F 05 2 29 = 3 33 and F 01 2 29 = 5 42, F 05 2 122 = 3 07 

n = number of observations 


and Hardouvehs (6, 7,) and by Kitchen and Denbaly 
(12) are relevant examples Frankel 'and Hardouvehs 
show that commodity prices and Interest rates react 
qUickly to the news In the money announcement 
Kitchen and Denbaly present results that indicate 
that far-term and near-term commodity prices and in
terest rates react In a fashIOn consistent With the 
covered IPC Given the sensItivity of these prices to 
new informatIOn, It IS not surpnslng that the expecta
tion errors could have relatively large variances (as 
we suggested above) 

How should we Interpret the results presented here In 
cOIlJuncbon WIth eXIstIng eVIdence? FIrst, the Impor
tance of the IPC for commodity prlCe behaVIOr vanes 
greatly across commodities, depending on the extent 
to which the commodity can be treated as a portfoho 
asset The covered IPC appears to be an accurate

~I 	 deSCriptIOn for gold and silver, but not for grains 
Second (and related to the first POint), the commodity 
IPC should generally be stated as an Inequahty as In 
equatIOn 4' rather than as a strict equahty as m 
equatIOn 4 The theoretlCal and empmcal eVidence 
supports such an interpretatIOn In fact, Frankel (5) 
and Frankel and Hardouvehs (6) acknowledge the 
potential problems With usmg the arbitrage conditIOn 
smce m their model the mflatJon term for pnmary 
commodity pnces exceeds that for the 'manufactures 
prices by an amount equal to the eqUlhbrlUm real 
mterest rate plus the (invariant percentage) storage 
cost 

This IS a general problem With the commodity 
arbitrage conditIOn There are two possibIl
Ities First, for an agrIcultural commodity, [the 
eqUlhbrlUm commodity price] may gradually 
Increase relative to [the eqUihbrlUm manufac
tures pnce] (monetary considerations aSide) 
during most of the year, as long as some of the 
prevIOUS harvest peak Is,bemg stored, and fall 
discontinuously when the new haryest comes m 
Thus, there IS no longrun trend m [the ~Iffer
ence between the normahzed commodity and 
manufactures eqUllbrJum prJces] Alterna
tively, for a nonpenshable, nonrenewable 
commodity such as gold or oil, there may m
deed be a longrun trend m [the difference In 
eqUihbrlum prices], a la Hotelhng (5, p 146) 

If the !PC for commodities were stated as an mequahty, 
problems With the interpretatIOns In these models 
would be reduced 

Finally, a key pomt about the overshooting models 
and analyses and the use of the IPC IS that theJr 
value hes In their ablhty to examlne,the responses of 
fleXible prJces to macroeconomic shocks If, In 

response to macroeconomic shocks, commodity prices 
react "as Ir' the IPC were correct-that IS, a condi
tIOnal IPC-one should'not discount the value'of the 
IPC It would then be correct to use the IPC m such a 
context, even Ie-the IPC does not hold exactly for 
commodIty-specIfic (not macroeconomIc) reasons For 
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example, we were unable to reject the hypothesIs that 
the Interest rate term had a coefficient of 1 0 so that, 
ceteris paribus (abstracting partICularly from system
atic convemence Yield relationshipS), changes In the 
Interest rate would be reflected In changes In Implied 
commodity price dynamiCs The IPC Inequality arises 
from factors other than the Interest rate, so the far
near prICe spread Incorporates the Interest rate In 
additIOn to other nonmonetary components 

Conclusions 

We have examined and tested the arbitrage conditIOn 
between financial markets and commodity markets 
The empIrical results confirm the Importance of Inter
est COStB In the determination of commodity prices 
Although BtatlBtlcal teBts baBed on regreBslOn anal
YSIS were unable to reject the covered Interest parity 
conditIOn for precIous metals, such tests provided 
strong eVidence for rejecting the covered Interest 
parity conditIOn for agricultural grains For grainS, 
the failure of the conditIOn was Interpreted as result
Ing from a convernence Yield (rather than, for example, 
from market ineffiCiency) 'The linkage from Interest 
rates to commodity futures contract prices IS conBlS
tent With assumptIOns typically used In examining 
futureB prices-that IB, the direct incorporatIOn of 
Interest costs However, the Interest rate linkage to 
price dynamlcB Implied ex ante by covered arbitrage 
does not, carry through to ,actual price dynamiCs 
observed ex post facto As With exchange rates, un
covered Interest parity conditions do not generally 
hold for commodity prices, so the value of such condi
tions for purposes of predictIOn IS unclear 
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In Earlier Issues 

From the algebraIC analYSIS ofthe free trade model, we 
can conclude that 

• 	 The percentage change In eqUlhbrIum prIce and. 
quantIty depend on the elastICItIes of the excess 
supply and demand relatIOnshIps The percentage 
change In eqUIlIbrIUm prIce WIll not exceed the 
percentage change In the exchange rate, the 
percentage change In eqUIlIbrIUm quantIty traded 
mayor may not exceed the percentage change In 
the exchange rate 

• 	 The percentage change In quantIty traded WIll ex
ceed that of the prIce change If the elastICIty of the 
excess supply functIOn exceeds one 

• 	 The elastICItIes of excess supply and demand rela
tIOnshIps may be elastIc even If the underlYIng 
domestIc supply and demand relatIOnshIps are In
elastIc 

• 	 GIven elastIc Import demand and export supply 
relatlOnshlps, the percentage change In quantIty 
traded due to an exchange rate change may be 
qUIte large 
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