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Many researchers have found that spot and futures prices are not
cointegratetl in some commodity markets, or they are cointcgrated
but not with a cointegrating vector (1, — I). One interpretation is that
disturbances to excess returns have a unit root persistence, which
implies that spot and futures prices do not move together one-for-one
in the long run. To provide an alternative explanation for this finding,
this article proposes a regime switching model of spot prices that can
he viewed in the same framework as Fama and French (1988). Based
on this model, Monte Carlo experiments are performed to show that
tests for cointegration and estimates of the eointegrating vector are
likely to be biased when a sample contains infrequent changes in
regime, laking these shifts into account, the null hypothesis that spot
and futures prices are cointegrated and move together one-for-one in
the long run can no longer he rejected. © 1998 John Wiley & Sons,
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INTRODUCTION

Recent research in commodity futures markets has documented a feature
that appears to be at odds with conventional wisdom.' In particular, the
fe-period futures price at time t and the realized spot price at time t -\- k
are not cointegrated with a cointegrating vector (1, — 1) for many com-
modities, i.e., they do not move together one-for-one in the long run.
Consequently, disturbances to the excess return between the realized spot
price and the futures price seem to have the same level of persistence as
do disturbances to the futures price. In a cost-of-carry framework, Bren-
ner and Kroner (1995) present an argument that, in testing the efficiency
of commodity futures markets, the /s-period nominal interest rate at time
t should be included in the cointegration analysis to account for such
persistence. However, Beck (1994) has argued that the excess return is
the premium to risk hearing after accounting for carrying cost and con-
venience yield. This premium should not include the risk-free rate, be-
cause speculators can obtain a position in futures markets by posting
interest-bearing Treasury securities as a margin. Therefore, assuming the
risk premium is stationary, there is no reason to expect a cointegrating
system of the realized spot price, the futures price, and the risk-free in-
terest rate.

Further to the arguments of Beck (1994), this article investigates the
impact of changes in economic regimes on the cointegration tests of the
efficiency of the futures market for precious metals. The changes in mac-
roeconomic and financial regimes that investors and firms face are often
discrete. These regime shifts may he caused by changes in fiscal and
monetary policy, jumps in investors' confidence, transitions in global po-
litical and economic relationships, or technological shocks. A common
example of regime shifts is the change in the behavior of interest rates in
the late [970s and early 1980s following the change in the operating
procedures of the Federal Reserve. Such regime changes, and the expec-
tations that they may occur, are likely to have a profound effect on asset
prices, interest rates and investment decisions. Yet most of the existing
literature on commodity markets does not account for the probability of
such regime shifts.

In testing the theory of storage based on the hypothesis that the
marginal convenience yield dechnes at higher inventory levels but at a
decreasing rate, Fama and French (1988) note that the variation in metals
spot and futures prices has a strong husiness cycle component. In partic-

Followiiig much ofthe litcniturc, the distinction between forward and futures contracts is ignored
here.
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ular, their evidence suggests that metal production does not adjust quickly
to positive demand shocks, so the resulting fal] in inventories increases
the convenience vield of holding the inventories. The spot price is hence
more variable than the futures price when there is an increase in demand.

The positive demand shocks can be interpreted as a state of "bigh
convenience" in holding the commodity, whereas the "low convenience"
state is associated with the times when the demand is lower. If the spot
price switches between "low convenience" and "high convenience" states
due to general husiness conditions as implied in Fama and French (1988),
rational market traders will incorporate this possihility into their forecasts
of the future spot price. To the extent that these expectations are con-
tained in the futures price, the spot and futures prices may deviate due
to small sample serial correlations in forecast errors, thus creating a "peso
problem."

The "peso problem" was first discussed in tbe context ot foreign ex-
change markets by Krasker (1980). Since then, the effects of the "peso
problem" have heen studied in many other financial markets. Intuitively,
when market participants anticipate a change in the underlying economic
determinants, this anticipation creates a "peso problem" in the expected
spot price during periods when switches do not materialize. This "peso
problem" may induce a great deal of persistence in the deviation hetween
the future realized spot price and the expected spot price during these
periods, which appears to contradict conventional assumptions under ra-
tional expectations.

For the purpose of understanding how a "peso problem" affects the
excess returns in metal futures markets, consider the following example
in the framework of Fama and French (1988). Suppose there is an in-
crease in the demand for metals now. The relative impact of such a shock
on current and expected spot prices will depend on the inventory levels
and the associated convenience yields. In addition, if the market perceives
that this increase in demand will be sustained, i.e., an increase in the
future demand, then the convenience yield will rise in the future.^ This
will be reflected in a larger change in the expected spot price component
of the futures price. On the other hand, if the market anticipates a de-
crease in future demand, then the change in the expected spot price
component ol the futures price will be smaller, because the market an-

Consider an extrfme case; If gold were some day mont'li/cd. this would cause inventories to fall
dramaliciilly and produce a substantial rise in ihc convcniente yield of holding gold pcrmancnlly.
Another example cimsidcrcd in Salanl iind Henderson (1978) is the effotls upon the gold price from
the market's assessed prohabilities that the gD\ frnment mif;ht discretely sell its gold holdings. In this
case, the convenience yield Irom holding gold will he low (high) il' there are (no) government sales,
of gold.
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ticipates future demand and supply responses partially to offset the cur-
rent demand shock with little change in the future convenience yield.

Rational forecasts ofthe spot price thus include forecasts ofthe price
conditional on different processes of the convenience yield. If a com-
modity spot price switches infrequently between different states such as
"low convenience" and high convenience," rational expectations of
switches that are not realized over significant periods of time will result
in systematic differences between the expected and realized spot prices.
These differences may in turn generate persistent deviations between the
realized spot and futures prices, giving the appearance of a permanent
component in excess returns when no such component exists. In a small
sample, this term may be quite persistent if the difference in expectations
under tbe regimes are serially correlated. Using a Markov regime switch-
ing framework, this study explores the implications o( the "peso problem"
in futures markets, and presents an alternative explanation to the seem-
ingly anomalous findings in the recent literature.

COINTEGRATION IN SPOT AND FUTURES
MARKETS

Many studies bave tested the efficiency of futures markets in the coin-
tegration framework, hut the issue of efficiency still remains unresolved,
due in part to the use of different methodologies and sample periods.
Researchers such as MacDonald and Taylor (1988), Sephton and Coch-
rane (1990, 1991), Chowdhury (1991), Crowder and Hamed (1993), and
Krehbiel and Adkins (1993) have found evidence of either noncointegra-
tion between commodity spot and futures prices, or cointegration but not
with a cointegrating vector (1, — 1). These results violate a necessary
condition of the Efficient Market Hypothesis (EMH) under the tradi-
tional risk premium hypothesis. In this section, using a new data set,
similar results in the futures market for precious metals are presented.

Long-Run Relationship between Spot and Futures
Prices

Let .s, he the (logarithmic) spot price of a commodity purchased at time
t,ft + k\t be the (logarithmic) price of a ^-period futures contract at time (,
and E,[-l = E|-|FJ denote the mathematical expectations conditional on
the information set F, available to economic agents at time t. For the
purpose of exposition, consider k = 1 and simplify the notation by/(+1 |t
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In general, if market participants are endowed with rational expec-
tations but are risk averse, then the futures price can be thought of as
differing from the expected future spot price by an amount representing
tbe perceived risk of the contract:

/ , = E,U,,i] - n,. (1)

Eq. (1) is no more than a particular definition of the risk premium com-
ponent {lit) of the futures price as indicated in Fama and French (1987).
The actual realization of ,s,+ [ will differ from the expected level by a ra-
tional expectations forecast error £,+1, i.e.,

St+i = E,[s, + | l + £, + ] . (2)

From eqs. (1) and (2), we have

S(+i - fi = ^t + /̂ ( + i ( 3 )

where s,+ | — /, is the premium or excess return on the time t futures
contract to buy a commodity at time ( + 1. Eq. (3) shows why empirical
studies typically treat excess returns as stationary processes, or i(0) in the
recent econometrics literature. The risk premium has been considered
stationary on theoretical grounds, and the forecast error is assumed to
follow a stationary process under rational expectations. Since the sum of
stationary variables is also stationary, the sum of the risk premium and
the forecast error must also be stationary under tbe above assumptions.

On the other hand, the spot and futures prices have been found to
follow processes with very persistent shocks, well approximated as dis-
turbances with unit roots, or f(1) in the literature. The requirement that
botb sides of eq. (3) be stationary therefore restricts the long-run rela-
tionship between spot and futures prices. Specifically, if spot and futures
prices are /(1), then the excess return will only he /(O) when (a) s, + ] and
/, are cointegrated in the sense of Engle and Granger (1987), and (h) the
cointegrating vector is (1, — 1). Therefore, if s,+ | and/, are /(1), we can
examine whether the excess return is stationary hy estimating the follow-
ing cointegrating regression:

St.I - A) + I^Jt + " , . i^ (4)

and testing whether/?! — 1 • Note that/?o need not be equal to zero under
the EMH if either E[7t,] # 0 or there is a non-zero marking-to-market
effect as argued in Brenner and Kroner (1995).
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Data

Under the null hypothesis of/i] = 1, eq. (3) implies the residual in
eq. (4) equals the sum ofthe time-varying component of the risk premium
and the forecast error, i.e., ii,+ i — 7i, — fti) + e,+ |. If n, and e,+ | are
indeed stationary, their sum must be asymptotically independent of the
permanent innovations to s, + , and/,. That is, they cannot "contaminate"
the cointegrating reiationship and the estimate of y?,. Rejecting jffj = 1
has a major impact on the inferred statistical properties of the risk pre-
mium, since

rtt = E,[5,,,] - f, = (^0 + (A. - l)/< + E , k , , ]

or equivalently,

^, + £,+ ! = s,.\ - ft = Ao + (Al - 1)/, + " , . i - (5)

If Al 7̂  1 then the risk premium will he nonstationary, as it will contain
a permanent component from the futures price, since e, is stationary by
assumption.

Four precious metals—gold, silver, palladium, and platinum—are chosen
here, as they have a lengthy history of futures contract delivery periods
from which to construct samples on a monthly frequency. Since the prices
of precious metal futures are generally increasing functions of the time
to maturity, it can be shown that upon maturity the benefits from holding
the asset (including convenience yield and net of storage costs) are less
than the risk-free rate. Therefore, it is assumed that contracts mature on
the first Wednesday of the delivery month as in Pindyck (1993). A con-
tract price may sometimes be constrained by exchange-imposed limits on
daily price moves. In those cases, prices for the preceding Tuesday are
used. If those prices likewise hit the limit-move, prices for the following
Thursday are used, or if those are constrained, the preceding Monday
and then the following Friday are chosen. In all cases, the settlement
price ofthe gold and silver contracts traded on the Commodity Exchange
Inc., as well as the palladium and platinum futures contracts traded on
the New York Mercantile Exchange, are collected from the Commodity
System Inc. databank and the Wall Street Journal.

Constant-to-maturity futures contracts of one-month maturity are
collected for gold and silver, and three-month maturity are collected for
palladium and platinum. That is, the futures prices f^^Uf are obtained for
k — I (gold and silver) and 3 (palladium and platinum). Following the
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tradition ofthe literature, the spot prices, is measured by the price ofthe
corresponding maturing contract. Thus the spot and futures prices per-
taining to exactly the same commodity and the time interval between the
two dehvery dates are known. The sample period is January 1975 to Sep-
tember 1997 for gold (273 observations), January 1970 to September
1997 for silver (333 observations), March 1977 to September 1997 for
palladium (83 observations), and January 1970 to July 1997 forplatinum
(111 observations).^ The price series used in this study are natural log-
arithmic values of the actual prices. Time series plots of the data are
presented in Figure I, while Figure 2 depicts the excess returns in the
markets considered.

Cointegration Test Results

Tests of Cointegration

Cointegration tests are first conducted to assess the adequacy of the coin-
tegrating regression model (4) over the sample period. Although the max-
imum likelihood approach of Johansen (1991) is often used in the liter-
ature to test for cointegration, Moore and Copeland (1995) have argued
that the Johansen's approach does not have any obvious advantage in the
present context. So the residual-based ADF(p), Z, and 2^ tests of Phillips
and Ouliaris (1990) are carried out for each metal to test the null hy-
pothesis of no cointegration. Since the primary interest is the hypothesis
of cointegration, it is often argued that cointegration would he a more
natural choice of the null hypothesis. Hence to test cointegration as the
null hypothesis, the variahle-addition H(0, q) test of Park (1990) and the
residual-based Ĉ , test of Shin (1994) are used. Compare with the Johan-
sen's tests, the tests used here have the advantages that they allow lor
heterogeneously distrihuted, and possibly dependent, innovation se-
quences in tbe error terms.

The Akaike information criterion (AlC) is used in choosing p for the
ADF(yj) tests. Similar results are obtained when the Schwarz criterion
(SBC) and the Bnal prediction error (I PE) criterion are used. Ihe "long-
run" variances in the Zj, Z^, H(0, q) and C^ tests are computed using the

'The standard delivery months arc Februar\'. April, June. Auf^ust. October, and December tor gold;
January, March, May, July, September, and December for silver: March, June, September, and De-
cember for palladium; and January. April, July, and October For platinum. In addition, there are
monthly supplemental conlracts in gold and silver to fill in the months between the standard con-
tracts.
•'prior to these cointegrating ri'grossions, unit rnol nnd stationarity tests were conducted. The hy-
pothesis of a unit root could nol be rejected in any of the series considered.
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FIGURE 1
Time series plots ofthe data.
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FIGURE 2
Time scries plots of the excess returns.
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TABLE I

Tests of Cointegration Between Spot and Futures Prices

Equation (4): s,,^ = jSo + 0if,,k\i + ", + ;<

Market
Gold

Silver

Palladium

Platinum

Market
Gold

Silver

Palladium

Platinum

Ho:
ADF{p)
-4.883*

-9.388'

-3.872f

-6.079'

no cointegration

-13.317'

-15.164*

-8.639'

-10.253*

Hansen (1992)

1.243'

0.614^

0.682*

0.243

MeanF
65.884*

20.279*

5.345^

3.180

Za
-221.901'

-278.264'

-74.315"

-107.689'

Tests
SupF

136.968'

56.041'

7.668

14.453^

Ho: cointegration
HiO,q)
1.950

4.703

1.044

2,347

2.008*

0.237^

0.524^

0.612'

', t and i indicate the rejection of Ihe null hypothesis al the 1%, 5% and 10% levels The critical values for ADF(p), Z,. Z ,̂
C,,, L,. MeanF and SupF come from MacKinnon (1991), Shin (1994) and Hansen (1992). H(0, q) has an asymptotic/(q)
distribution under the null hypothesis, where q = 3 when k = 1 and q = 1 when k = 3 as suggested in Han and Ogaki
(1997).

quadratic spectral (QS) kernel, atid the corresponding optimal band-
widths are computed by the "plug in" method as in Andrews and Mona-
han (1992). In particular, the prewhitened QS kernel estimator is used
for Z[ and Z^, since Maekawa (1994) shows that the prewhitened kernel
estimator significantly improves the performance of these non-parametric
tests. On the other hand. Shin (1994) argues that the C^ test statistic for
cointegration using a prewhitened kernel estimator is not consistent
against the alternative of no eointegration. So the H(0, q) and Ĉ , statistics
are computed with the non-prewhitened QS kernel.

The results of the above tests are reported in the upper panel of Table
[. The null hypothesis of «o cointegration is rejected in all three tests. On
the other hand, the direct tests of cointegration give conflicting results:
The H(0, q) statistics do not reject cointegration in all markets, while C\
tests reject cointegration in all markets at conventional levels. With these
conflicting results, it may be informative to plot the outcome ofthe coin-
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tegration tests as one moves progressively through the data sample. Figure
3 and Figure 4 show such recursive calculations for the residual-based
ADF{p} test and the C^ test for each metal. The recursive ADF(p) and C^
statistics are calculated using the data-hased estimators as before, so that
the p and the bandwidth parameters are adjusted automatically on a pe-
riod-hy-period basis as the recursive calculations proceed.

Figure 3 and Figure 4 reveal some useful information about the data.
The AD¥{p) statistics show evidence of shifting against the existence of
cointegration around 1974 for the silver market. In addition, both the
ADF(p) and the Ĉ , statistics are quite volatile and shift against cointe-
gration around 1979 to 1982 in all markets. Finally, the C^, statistics seem
to indicate a breakdown in the cointegration in all markets since the late
1980s. These observations coincide with the business cycle peaks, notably
around 1973-1974 and 1979-1980, and the apparent shifts in the U.S.
monetary regime between late 1979 and late 1982. Indeed, Fama and
French (1988) have provided evidence that the metals spot and futures
prices showed significant variations around the business cycle peaks. Fur-
thermore, if interest rates do affect the cointegrating relationship as ar-
gued in Brenner and Kroner (1995), such effects should he rellected in
these plots. It is noteworthy that the apparent swings in the recursive
tests follow a pattern generally consistent with the recent empirical find-
ings of regime shilts in the economy.

There is currently no theory available to allow for statistical infer-
ences based on the recursive statistics as shown in F'igure 3 and Figure
4. On the other hand, research such as Hansen (1992) has developed
procedures to test parameter constancy in cointegrating regressions as a
direct test of cointegration. The L(;, MeanF, and SupF tests of Hansen
(1992) are performed for all markets here, with results presented in the
lower panel ot Table I and graphically in Figure 5. Despite significant
evidence against cointegration in both the gold and silver markets through
the instability of the cointegrating parameter, the evidence against coin-
tegration in other markets can vary, depending upon which statistics are
chosen. The possibility of such confiicting results is discussed in Hansen
(1992, p. 332): The three test statistics {L^, MeanF, and SupF) are look-
ing in diflerent directions and will have more power against some alter-
natives than others. However, all three tests will have asymptotic power
against the same set of alternatives.

""All the statistics are cak-ulatcd usin^ ihf trimminj; ri'jiton [O.IS, 0.85] as in Hansen (1992). For
oxiimplf, in the case of gold miirket, which has a sample of 17i observations (January' 1975 lo
Scplembcr IS97), ihe test statistics sire calculated set|iientiii!ly from thf4ls t obs(.TVijlion(Mijy 1978)
to ihf 2.^2nd observalion (March 1494).
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FIGURE 3
Recursive plots oF residual-based ADF(j7) cointegration tests.
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FIGURE 4
Recursive plots of residual-based Ĉ , cointegration tests.
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One-Month Gold Morket One-Monlh Silver Market
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FIGURE 5
F-statistic sequence for paramt-ttT instability in cointegrating regressions.
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From these results, it can be seen that the rejection of cointegration
may well be due to a few one-time, but highly persistent, shocks in the
system, thus "contaminating" the cointegrating relationship in a finite
sample. This is consistent with much ofthe recent research on the impact
of structural change in the economy on the unit root tests. For example.
Perron (1989) has argued that a change in the economic regime will bias
the unit root tests to favor the null hypothesis of /(I), In the current
context, a regime shift in the economy may bias the cointegration tests
to favor the alternative hypothesis ot yio cointegration. It is reasonable to
believe that the futures and the realized spot prices considered here are
cointegrated, i.e., they do not deviate apart without bound, which is con-
sistent with a necessary condition for the futures market to be informa-
tionally efficient: The futures price has predictive power regarding the
movement of the future spot price.

Tests ofthe Cointegrating Parameter

To test whether there is a nonstationary risk premium component in the
excess return, i.e.. if the estimate of^i is significantly different from one,
it may be useful to consider eq. (5). The motivation is as iollows: If the
excess returns are indeed stationary, i.e., s, + ;j and/, + ̂ |, are cointegrated
with cointegrating vector (1, — 1), then a regression of s,+ ĵ  — ft.k\t o"
any l{\) nonstationary variable, in particular/, + (,|,, should reveal a zero
correlation between these variables asymptotically. A non-zero coefficient
in such a regression would lead to the rejection ofthe stationarity of

\

It should be noted that the ordinary least squares {OLS) estimates
of the cointegrating vector in cointegrating regressions are known to be
biased in finite samples. Furthermore, the asymptotic distribution of OLS
estimates is nonnormal, thus invalidating usual inferences. For these rea-
sons and the results of Moore and Copeland (1995), two asymptotically
efficient estimation procedures are used in this study, namely the canon-
ical cointegrating regression (CCR) of Park (1992), and the super-con-
sistent dynamic OLS (DOLS) estimator of Stock and Watson (1993).

The results are presented in Table II. All estimates are less than zero
at about the 5% significance level, except in the silver markets, where the
estimates are less than zero at about the 10% significance level. These
results indicate that ^i < 1 for all markets. One might conclude that,
contrary to what has been implicitly or explicitly assumed in previous
studies, the spot and futures prices in these markets are not cointegrated
one-for-one. Since conventional assumptions require the rational expec-
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TABLE II

Tests of Cointegrating Parameter between Spot and Futures Prices

Equation (5): s, .j^ - fi^k\t ^ Ao + (j&i - l)/i + fe|( + "i + fe

Market
Gold

Silver

Palladium

Platinum

Estimate of
CCR

-0.007^
(0.063)

-0.002^
(0.070)

-0.039^
(0.016)

-0.026*
(0.043)

Wi - 1)
DOLS

-0.003^
(0.020)

-0.001^
(0.068)

-0.038^
(0.037)

-0.010*
(0.003)

', t and t indicate the rejection of the null hypothesis that/(, - 1 = 0 at the 1%, 5% and 10% levels. The p-values (with
tjnite-sampie corrections) are reported in parentheses.

tations forecast errors to be stationary and uncorrelated with all current
information, one interpretation is that the risk premium is suhject to
permanent shocks and has the same level of persistence as the futures
price. However, as shown in the following section, there is another in-
terpretation of these results based upon the presence of switches in the
spot price process.

A SWITCHING MODEL OF THE SPOT PRICES

The Model

This section presents a simple switching; model for the spot price similar
to that in Evans and Lewis (1995). Although the aim is nol to develop a
fundamental-based model for the commodity price as in, say, Pindyck
(1993), such a framework can he used to consider the general origins and
consequences of commodity price switching. Again, for the purpose of
exposition, consider the case of fe = 1.

Assume that the commodity price depends upon its current and dis-
counted expected future payoffs, or benefits, from ownership ofthe asset:

^ P^tU,+ \\ + x^ (6)
1 + d

where s, is the spot price, y/f is a composite effect of variables that affect
the commodity price such as convenience yield and/or interest rate, S is
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tbe commodity-specific one-period discount rate (i.e., tbe expected rate
of return an investor would require to hold a unit of tbe commodity), p
= {\ -I- dl" ' and X, ^/?^tf,.

Wbile tbe general business conditions can be classified into many
different states, we sbal! assume tbat x, follows two different processes,
namely tbe "low convenience" state and tbe "bigh convenience" state.
Switches between tbese processes are governed hy a state variable 2, tbat
takes on a value of eitber zero ("low convenience") or one ("bigb conven-
ience"), and realizations of x, from the process in state z are denoted by
x,(z). The state variable 2, is assumed to lollovv an independent first-order
Markov process with transition probabilities -pi — Pr(2, ̂ . j = i\z, = i) for
j = 0, 1. It sbould be stressed tbat although the switching hehavior is
not modeled endogenously, switches in the x, process can be thought of
as reflecting such inlluences as the phases in business cycles or shifts in
tbe bcba\'ior of monetary regimes.

Under rational expectations, tbe spot price must satisfy eq. (6) re-
gardless of tbe current process generating X[. That is, the expectation of
the next period's spot price, E,[s,+ ]], will depend upon the probability
weigbted average of each state next period. Algebraically, suppose tbatx,
is currently in tbe state z, =̂  i at time t, tben

E,[sf^i] = p,

for j 7̂  i, where E,|,Js,_^i(2)] is tbe time t conditional expectation of tbe
spot price at t -I- 1. Note tbat wbile z, is assumed to be in tbe information
set at time t, it is made explicit in tbe expectation operator to empbasize
tbe switching nature ofthe underlying process. Substituting these expec-
tations into eq. (6) gives

- Po vi ME,|.,k.,(i)]; w o y

More compactly, in matrix form we have

S, - pP E(j^JS(+i] + X, (7)

wbere P is the transition probability matrix, Sj, Eji^jS,.̂  J and X, are tbe
vector of state-contingent spot priees, expected future spot prices and
variables that influence tbe spot prices respectively.

Eq. (7) describes tbe dynamics of tbe spot price under different pro-
cesses of X,. It is obvious tbat the current spot price 5̂ (2) depends on the
weighted average of expected future spot prices from botb regimes and x,
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realized from tbe given state, x,{z). As time progresses, tbe x, process will

switcb and tbe observed spot price will be equal to eitber s,(l) or Sf{0),

depending on the value of tbe state variable z^:

5, - (1 - Z,)S,{O) + 2^,(1). (8)

Eqs. (7) and (8) provide a tractable framework for examining how

switcbes in Xj affect spot prices. However, to examine bow switcbing in

X, affects tbe spot price in detail, it is useful to focus on an example in

wbicb X, switches hetween simple processes. For this purpose, consider

the case where each of the ,\, processes follows a random walk with drift,

as in Evans and Eewis (1995).^ That is, the vector X, = (x,(0), x,(l))

follows

X, = A + X,_i -¥ rj,

where A and rj, are 2 X 1 vectors of drift coefficients and innovations
respectively, with E, |[;;,] = 0. With this specification, eq. (7) can be
solved for S ,̂ giving

S, — {I2 — pP)~^ pPih ~ pf*)~' A + [I^ — pP)~^ Xf (9)

wbere /2 is a 2 X 2 identity matrix. Eq. (9) sbows tbat spot prices depend

upon tbe discounted present value of tbe probabillty-weigbted averages

of drift terms in all future periods, and tbe present value of tbe current

level of X,. Observe that even if current x, are the same across states, i.e.,

x,(0) - Xfi I), the spot prices in each state will not be equal. Tbat is, .s,(0)

will not equal Sf{\) because tbe expected future evolution hetween tbe

two Xt processes will differ across states as reflected by (/2 — pP) ~ ' .

Taking tbe first difference of eq. (9) bigbligbts tbe dynamics of the

spot price within a regime:

A S , , I = ( / 2 - pP)~'^ A + {I;> - / J P ) " ' ^J,^^. (10)

Changes in the spot prices arc equal to the change in x̂  weighted by tbeir
discounted present value effect in all future periods, including the tran-
sition probabilities of switcbing between states as summarized in P.

The effects of tbe "peso problem" will be apparent wben comparing
tbe spot price process in eq. (9) to tbe conventional present value solu-
tion. Note tbat eq. (7) can be written as

While x, can be modeled tn switch hetween processes with ninre general time scries properties,
Evans and Lewis (I49S) shou thai iht- more general solution for the spot price shares similar features
lo the simple model presented here.
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X, + p{P -

11)

The first two terms on the right side of eq. (11) correspond to tbe standard

spot price equation for eacb state in eq. (6). Tbe last term,

v.s, =

is an expected "jump" in tbe spot price resulting from switches in the x,
process. To see the implications of this term within a regime, eq. (I I) is
iterated foruard to give

S, = E^iJi/^MX,,, + pV
L

(12)

Eq. (12) shows that the spot price s,(z) is equal to the present value of x,
in the current process 2, and the present value of expected future changes
in tbe spot price caused by sbifts in tbis process. Tbis equality means tbat
two different factors affect spot prices. Eirst, innovations to thex, process
affect tbe present value of future x,. Second, nev\ information affects the
expected future size of the jump in spot prices when switches in the
process occur. In the solution for the spot price in eq. (10), these effects
are identified by tbe diagonal elements of {I2 — pP) '•

Estimation Results and Specification Tests

It bas been sbown tbat sbifts in tbe bebavior of the underfying determi-
nants of tbe spot price will lead to accompanying jumps in tbe spot price.
Tbese jumps need to be taken into consideration in estimating tbe switcb-
ing model. Combining the process for the spot price in eq. (8) with the
solution in eq. (10), the equilibrium process of the spot price can be
written in a non-stationar\' state-space model with the state equation

S, + I — ( 1 - ( + I - ( 4 1

and the transition equation
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',.,(o)

Note that the drift parameters//; and the innovations v,(z) depend on the
underlying drift and innovations to the x, processes in eq. (10).

The specification in eqs. (13) and (14) differs from usual switching
models by allowing tbe spot price to jump wben tbere is a switcb in
regime, i.e., wben A;, # 0. Specifically, eq. (13) can be expressed as

(15)

The first two terms on tbe rigbt side represent tbe dynamics of tbe spot
price in respective regimes, wbile the last term indicates a jump from one
process to another when there is a switch in regime.

The information in the futures price can be used to identify tbe
jumps in tbe spot price associated witb a cbange in regime. Calculating
the expected future spot price from eq. (15), one can substitute for
E t̂[̂ t+iJ using equation (1), i.e., E,[s,^]] = /, + 7r,, and rearrange tbe
resulting expressions to obtain

5,(0) - s,{\) - r (z , ) - ' if, - s, + n, - T(z,)), (16)

wbere n o ) = po - 1, H I ) = 1 - p,, T(0) = poMo + (1 "
H'(i) = (I - r i K + Pi/^i-

Eq. (16) implies tbat tbe size of the jump varies in response to
changes in hoth the basis (/, — s,) and tbe risk premium (7r,). Tbus, given
an assumption about tbe bebavior of tbe risk premium, the basis togetber
with the parameters of the model can be used to identify s,(0) — s,(l).
Wbile tbe risk premium may be time varying witbin regimes, we only need
to know tbe risk premium wben a cbange in regime occurs. That is, we
only need to know the values of 7i, when Az, 9^ 0, since all other variables
in eq. (1 5) are determined by tbe spot price switcbing model. Tberefore,
tbe simple identifying assumption tbat tbe risk premium n, — 7i{0) during
switcbes from regime 0 to I, and 7Z, = 7z{\) during switcbes from regime
1 to 0, will be made for estimation purposes.

Tbe proposed model is estimated using tbe data described earlier. In
order to express the results in units of percentage change, the data are
first differenced and multiplied by 100. Table 111 shows the estimates of
the model given by eqs. (15) and (16). Tbe rows po and p^ sbow tbe
estimates of tbe transition probabilities of staying in eacb regime. Tbe
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TABLE III

Maximtim Likelibood Estimates of the Switching Model

S, = (1 - Z,)S,(O) +

, = i\z, - i), i = 0. 1
s,_, (i) + ^,(0, i = 0,

MO, af). i = 0, 1

Parameter

Po

Pi

Ml

<^\

7r(0)

7r(l)

k
Gold
0.965

(0.003)

0.904
(0.010)

-1.535
(0,697)

1.522
(0.650)

3.104
(1.450)

5.417
(1.857)

-0.606
(0.285)

0.607
(0.225)

= 1
Silver
0.947

(0.034)

0.801
(0.021)

-1.819
(0.889)

2.203
(1.247)

2.859
(0.742)

8.468
(2.751)

-0.400
(0.226)

0.488
(0.466)

k =
Palladium

0.895
(0.126)

0.869
(0.012)

-3.084
(1.532)

3.978
(1.736)

12.959
(5.370)

13.734
(7.227)

-2.458
(1.031)

2.583
(2.066)

Platinum

0.935
(0.009)

0.814
(0.022)

-5.157
(1.978)

7.701
(3.038)

8.116
(3.869)

11.043
(4.182)

-1.084
(1.036)

1.759
(1,381)

The asymptolic standard errors are reported in parentheses.

point estimates are all above 0.80. Tbese estimates indicate tbat if tbe
spot price is in eitber state, it is also likely to stay in tbat state in the next
period.

The rows fi^ and //[ report the estimates of the drift term in each
state. All of the//,, estimates are negative and all of the/^| estimates are
positive, reflecting the "low convenience" and "high convenience" states
respectively. That is. the maximum likelihood estimates associate state 0
with 1.5% and 1.8% monthly decreases in the spot gold and silver prices,
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TABLE IV

Some Diagnostic Tests of the Switching Model

s, = (I - z,)s,{0) + z,s,(l)

Pi = Pr{z,,i = i\z, = (), i = 0, I

s,{i) ^ Pi + s , _ , (i) + / / , ( i ) . i = 0 . I

mii) - N(0. afl i = 0, I
ft + k\t = ^t\z, Ui^k] - (I - -,)^(0) - Z,7l{\)

Test
Statistic
LMi

LAh

LM,

LAh

LR,

LR2

k
Gold

0,334
(0.563)

2.079
(0.149)

0.756
(0.384)

1.649
(0.199)

0.184
(0.667)

3,390
(0.066)

4.512
(0.034)

- 1
Silver
0.001

(0.980)

2.524
(0,112)

1,395
(0,237)

1.322
(0.250)

0,876
(0,349)

5,598
(0.018)

4.122
(0.042)

k-
Palladium

1,626
(0,202)

2.154
(0,142)

0,695
(0.404)

1.359
(0.243)

0,811
(0,367)

3,757
(0.053)

3.275
(0,070)

3
Platinum

0.332
(0.564)

0,836
(0.360)

2.212
(0.136)

1,562
(0.211)

0.834
(0.361)

3.169
(0,075)

3.117
(0.077)

The asymptotic p-values are shown below the test statistics. LM, and LMj are the tests of no serial correlation in the errors
r/li), while LM. and LM, are the tests of no ftrst-order ARCH in ijli), for states 0 and 1, respectively. LM.^ is the tesi of the
cross-equation restrictions as in equation {17). LR, is the test for Markov independence (p,, = 1 - p,). and LR.^ is the test
for/i^ = /I, allowing a,, # a,.

and 3.1% and 5.1% quarterly decreases in the spot palladium and plati-
num prices. In state 1, the spot prices rise hy 1.5% and 2.2% per month
for gold and silver, and 4.0% and 7.7% per quarter for palladium and
platinum.

The estimates of the variance in each state are reported in rows af)
and o-f. It is apparent that, in all markets, the variance of the "high con-
venience" state is larger than that of the "low convenience" state. While
these variances are not compared with the variances ofthe corresponding
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futures prices, such a pattern is consistent with the arguments in Fama
and French (1988); When the level of inventory is low, i.e., when the
convenience yield is high, demand and supply shocks will cause spot
prices to be more variahle.

The last two rows report the estimates of the risk premium during
the period when the spot price process switches from one regime to an-
other. The estimates of Ti{0) are all negative while the estimates of 7r(l)
are all positive. These estimates provide an intuitive interpretation to eq.
(1), although some of them are associated with high standard errors.
During periods hefore a switch to a "high convenience" state, traders
selling the commodity forward would require a higher futures price rela-
tive to E,[st + fe] in order to he compensated for the risk of an upward jump
in the spot price, hence a negative ;r(0). Similarly, during periods hefore
a switch to a "low convenience" state, traders willing to huy the com-
modity for\^'ard would require a lower futures price relative to F,[st^;;] to
compensate for the risk that the future spot price may fall, thus a positive
7l{\).

Table IV reports the results of a series of diagnostic tests on the
specification of the above model. LM | and LM2 report the Lagrange M ul-
tiplier (LM) tests for first-order serial c<jrrelation in states 0 and 1 re-
spectively. These statistics have an asymptotic distribution of/"•( 1) under
the null hypothesis of no serial correlation. From the reported p-values,
none of these statistics is significant at conventional levels. The rows with
LMJ^ and LM4 report the LM tests for the exclusion of a first-order au-
toregressive conditional heteroskedastic (ARCH) process in states 0 and
1 respectively. The asymptotic distribution is also /^(l) and again none
of the statistics is significant.

Note that the model places restrictions on the relationship hetween
the futures price and the future spot price when there are changes in
regime. This relationship can be seen by substituting for s,{0) — s,( 1) in
eq. (15) with (16) to obtain

_ «o(/, -
l«l(/i -

s, +
St +

n{0) - poMo) + Vi.
lA i ) + I ' i .

i( 1) when Az,^
](0) when Az, + i

I = 1
= - 1

( 1 7 )

where a,- = (1 — p,)" ' under the null hypothesis. Since E,[A.s,,|l — /,
+ Til — S(, one can therefore examine whether the expectations implicit
in futures prices are consistent with the Markov switching process esti-
mated for the spot prices. The LM test for this restriction is reported as
LM5 in Table IV. Again, none of the statistics is significant at conventional
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levels. Therefore, the hypothesis that market participants rationally in-
cluded the effects of changes in regime when forecasting future spot
prices cannot be rejected.

As Engle and Hamilton (1990) and others have noted, testing
whether a Markov switching model includes an appropriate number of
states poses some difficult econometric problems. Rather than directly
testing whether specifications with one or three states are preferahle to
the above two-state model, two related hypotheses that can be tested
without running into these problems are considered.^ First, consider the
test of whether the distribution o\z, is independent of 2,_i, i.e., the proh-
ability tbat z, = 0 is p^ regardless of whether 2,_, = 0 or 1. As the LR,
row in Table IV shows, this h\'pothesis can be rejected at conventional
levels for all markets. Second, the null hypothesis of/̂ Q — PI allowing
for (To 7̂  fTi is tested. The results of LRy row show that this hypothesis is
again rejected at conventional levels for all markets.

Finally, to show some of the implications of the estimated model
graphically, the smoothed prohabilities of regime 1 (the "high conven-
ience" state) for all markets are shown in Figure 6. It is worth noting that
these probabilities correspond to the dates of business cycle peaks (1973-
1974 and 1979-1980) and the changes in the U.S. monetary regime
(1979-1982) very closely. Again, this result is consistent with the impli-
cations of Fama and French (1988).

REGIME SWITCHING AND COINTEGRATING
REGRESSIONS

The results in the second section provide some indication that the futures
and realized spot prices are not cointegrated one-for-one in the precious
metals markets, implying that the shocks to excess returns appear to have
the same degree of persistence as the futures prices. Since conventional
assumptions require rational forecast errors to be stationary, one inter-
pretation of this finding is that the innovations in the risk premium have
close to unit root persistence.

The regime switching framework, however, provides an alternative
explanation. In particular, while rationality by market participants implies
that the persistence in the forecast errors caused by the previously dis-
cussed "peso problem" should disappear over long samples, the forecast

'En}j|e and Hamilton (1990) argue that these tests arf more jjcncral and avoid a singularinformation
matrix under the null. Both hypotheses are tested using a likelihood ratio test, since Gallanl (1987,
p. 219) argues that thf likelihood ratio test is apt to be more robust than Wald tests in a nonlinear
model.
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errors during samples with lew regime changes may be sufficiently per-
sistent to account tor the noncointegration results ahove. To see this more
clearly, note that the forecast errors are the differences between the re-
alized spot price and the expected spot price, i.e., e,^ i ^ s,+ j — E,[s,^ j].
In the regime switching framework considered above, this can be ex-
pressed as

= (1 - H.I ^t.i) (S,,i - E,|,JS,,,]) + (/, - P) E,|,JS,.|])

= (I - 2<., 2,,,) (S, . , - E,|,JS,,,1) - (1 - z,,, 2,,,) V,S,.

The first term on the right side is the within regime forecast error, Sf+ i(z)
— Et[s,+ |(2)], which is uncorrelated with time t information. The second
term is the time ( expectation of the jump in the spot price that would
accompany a change in regime. This term is the source of the "peso
problem" in the forecast error. In small samples, the expected jump will
generally be correlated with information in the time t information set,
including past forecast errors.

In the context of the switching model (I 5), the forecast error is

Obser\e that even in the periods when there is no change in regime, i.e.,
Az, -̂  1 = 0, the forecast error will include the "peso problem" component
— r(zj) Et[,[sj + ,(O) - S(-^|(I)]. This component will be serially correlated
as long as p; < 1. Over sufficiently long periods, however, the sample will
include many regime changes so that the errors in forecasting changes in
the regime will be serially uneorrclated. This can be seen from the fact
that E,|,JAz,+ i] = — r(z,), so the "peso problem" term (Az^+i + r(z,))
E(|-, [Sf+i(O) — s,-,|(l)] has a zero unconditional mean and is serially
uncorrelated in large samples.

To examine whether such a "peso problem" in the forecast residuals
could have affected the cointegration results in the second section, a
series of Monte Carlo experiments are carried out. In the first set of
experiments, the estimates of the above switching model are used to in-
vestigate the impact on the cointegration tests in the cointegrating re-
gression (4) for all markets. First, a sequence of .s,(z) equal to the length
of the corresponding sample is generated based on eq. (13) using the
estimates of the drift term (//;) and the variance (af) in each state. Real-
izations for z, are then drawn based upon the estimated transition prob-



Regime Switching and Cointegration Tests 897

TABLE V

Monte Carlo Cointegrating Regressions (1)

Equation (4): s,̂ fe = //„ + (ij,,k\i + «M fe

Regime switching model

Market
Gold
Silver
Palladium
Platinum

c.
2.008*
0.237^
0.5241
0.612*

Monte
p-value
0.149
0.192
0.132
0.169

Carlo
5%

0,434
0.288
0.450
0,384

Conditional homoscedaatic model

Market
Gold
Silver
Palladium
Platinum

c.
2.008*
0.237*
0.524t
0.612*

Monte
p-value
0.004

< 0,001
0,055

< 0.001

Carlo
5%

0,063
0.052
0.072
0,056

Conditional heteroscedastic model

Market
Gold
Silver
Palladium
Platinum

2.008-
0.237^
0.5241
0.612-

Monte
p-value
0.006

< 0.001
0,069
0.006

Carlo
5%

0.037
0,072
0.077
0.053

The Ĉ  column reporls Ihe respective statislics in Ihe regression (4) as in Table I. The column of p-value gives the
corresponding p-values based on the empirical distribution calculated from the Monte Cario simulations, while the last
column gives the estimates of the empirical size of the nominal 5% test. Aii simuiation results are based on 10,000
replications.

ability matrix and then used to generate a series for the observed spot
price process. The futures prices are constructed from these series using
eq. (16) under the assumption that the risk premium is equal to the
estimates of 7i{z,) within each state. The cointegrating regression (4) is
then run with the generated spot and futures prices with the C^ statistic
and estimates of ^ | saved. This whole procedure is repeated 10,000 times
to generate an empirical distribution and the results are reported in the
top panel of Table V and Table VI.

It is obvious from Table V that the C^ statistic suffers from severe
size distortions with a regime switching model. At the nominal 5% level,
the probability of rejecting the null hypothesis of cointegration ranges
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TABLE VI

Monte Carlo Cointegrating Regressions (II)

Equation (5): Sj + fe - /,^;,|, - /?,, + [ji^ - V) f,^k\t + Ut

Regime switching model

Market
Gold
Silver
Palladium
Platinum

Market
Gold
Silver
Palladium
Platinum

Market
Gold
Silver
Palladium
Platinum

CCR
- 0.0071
-0.002^
-O.O39I
-0,0261

CCR
-0.007^
-0.002^
-0,039^
-0,0261

CCR
-0,007^
-0,002^
-0,039t
-0.026^

F,S,C,
p-value
0.063
0.070
0.016
0,043

M.C,
p-value
0.370
0.320
0.350
0,311

Conditional homoscedastic
F,S,C,
p-value
0.063
0,070
0.016
0,043

M.C,
;>-value
0.093

< 0.001
< 0,001
< 0,001

Conditional heteroscedastic

F,S.C,
p-value
0-063
0,070
0.016
0,043

M.C.
p-value
0.084

< 0.001
0.003

< 0.001

DOLS
-O.OO31
-0.001*
-0.038'
-0,010*

model

DOLS
-O.OO3I
-0.001'
-0.038'
-0,010'

model

DOLS
-0,0031
-0.001'
-0,038l
-0,010*

F.SC.
p-value
0.020
0.068
0,037
0,003

F.SC.
p-value
0.020
0,068
0.037
0,003

F.SC-
p-value
0.020
0,068
0.037
0.003

M.C.
p-value
0.326
0.247
0,200
0,181

M.C.
p-\"dlue
0,072

< 0.001
0,005
0,014

M.C.
p-value
0.071

< 0.001
0,006
0.013

The CCR and DOLS columns report the respective estimates of/f, - 1 in the regression {5) as in Table II. The columns of
F.S.C. p-value give the corresponding p-values (with finite sample correction) for testing the hypothesis HQ! ̂ , - 1 = 0
from the actual data, while the columns of M.C, p-value give the corresponding p-values based on the empirioal distribution
calculated from simulations.

from about 28% to 45%. Also, from the empirical distributions, the prob-
abilities of observing the Ĉ , statistics from the data range from 13% to
19%. Therefore, one need not be surprised to see a result of non-coin-
tegration between the commodity spot and futures prices if the spot price
switches between different states infrequently. The top of Table VI shows
the prohabilities of observing the CCR and DOLS estimates of y?, — 1
when the data are assumed to be generated by the switching model. Such
probabilities range from 18% to 37%. Thus, if market participants ration-
ally anticipate switches in the state of convenience yield and the risk
premium is stationary, a researcher would quite likely find the "biased"
estimates as in the sample data. Therefore, the cointegration results in
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Table II need not imply that the risk premium is subject to permanent
shocks.

As mentioned above, the "peso problem" is essentially a small sample
problem. It is reasonable to investigate whether the results in Table II
could also be due to other small sample effects. This issue is addressed
by performing two other experiments, which exclude the possibility of
regime switching. The results are shown in the other two panels in Table
V and Table VI. The first experiment assumes conditional homoskedas-
ticity in the data generating process, while the second experiment allows
for generalized conditional heteroskedasticity. Observe that the Ĉ^ coin-
tegration test has reasonahle finite sample sizes from Table V. Further-
more, the empirical p-values of observing the C^ statistics from the actual
data are much lower than those of a switching model. As well, the middle
and bottom panels ol Table VI show that the p-valucs based on empirical
distributions of the CCR and DOLS estimates of /i| — 1 are typically
smaller than the p-values (with finite sample corrections) based on the
data. Therefore, the cointegration results in Table I and Table II do not
seem to be explained by these small sample problems.

CONCLUSION

Contrary to standard theoretical models, many recent studies in the com-
m{)dity markets have found that the futures and realized spot prices do
not move one-for-one in the long run, implying that the risk premium
may be non-stationary or that the model is misspecified. The results of
this study support the arguments of Beck (1994) that these seemingly
anomalous findings are not necessarily the results of a model misspeci-
fication as argued in Brenner and Kroner (1995). Specifically, it is argued
that such findings in the literature can be explained by rational expecta-
tions about changes in the state of "convenience yields" in the spot price
process. If the spot price follows a regime switching model reflecting
different states of the economy, then the results in Table V and Table VI
show that the standard cointegrating regression tests are likely to find
that commodity spot and futures prices are not cointegrated or move one-
for-one in the long run.

Intuitively, the expectation of a switch from a "low convenience" state
to a "high convenience" state, or vice versa, implies that forecast errors
will be serially correlated during periods when the switch in spot price
processes does not materialize. Since the processes within each regime

Of course, the results could alsn be consistent with an inefficient futures markel.
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differ persistently, this "peso problem" induces a persistent small sample
serial correlation in forecast errors. Therefore, apparent evidence that the
risk premium has the same persistence as the futures price is an artifact
of a persistent small sample serial correlation in forecast errors. When
these expectations are taken into account, the simulation experiments in
this study show that the hypothesis that spot and futures prices are coin-
tegrated one-to-one, and thus the risk premium is stationary; cannot be
rejected.
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