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Business Cycles and the Behavior of Metals Prices

EUGENE F. FAMA and KENNETH R. FRENCH*

ABSTRACT

The theory of storage says that the marginal convenience yield on inventory falls at a
decreasing rate as inventory increases. The authors test this hypothesis by examining
the relative variation of spot and futures prices for metals. As the hypothesis implies,
futures prices are less variable than spot prices when inventory is low, but spot and
futures prices have similar variability when inventory is high. The theory of storage
also explains inversions of “normal” futures-spot price relations around business-cycle
peaks. Positive demand shocks around peaks reduce metal inventories and, as the theory
predicts, generate large convenience yields and price inversions.

THE THEORY OF STORAGE of Brennan [2], Telser [6], and Working [7] is the
dominant model of commodity forward and futures prices. Following Brennan
and Telser, many tests of the theory use inventory data to test the hypothesis
that the marginal convenience yield on inventory falls at a decreasing rate as
aggregate inventory increases. Inventory data are always a problem in this
approach. It is usually unclear how aggregate inventory should be defined. For
example, how should one treat government stocks? Moreover, like the metals we
study, many commodities are produced, consumed, and traded internationally,
and the accuracy of aggregate inventory data is questionable.

Our tests of the theory of storage are also based on the hypothesis that the
marginal convenience yield declines at higher inventory levels but at a decreasing
rate. Rather than test the hypothesis by examining the inventory-convenience
yield relation directly, however, we test its implications about the relative
variation of spot and futures prices. These implications can be viewed as refine-
ments of Samuelson’s [5] much-tested proposition that futures prices vary less
than spot prices and that the variation of futures prices is a decreasing function
of maturity.

Thus, the theory of storage leads us to predict that futures prices are less
variable than spot prices (the Samuelson hypothesis holds) when inventory is
low. When inventory is high, however, the theory predicts that spot and futures
prices have roughly the same variability. Using a simple proxy for the level of
inventory, our tests on the industrial metals, aluminum, copper, lead, tin, and
zinc, consistently support our refinement of the Samuelson proposition. The
results are in contrast to the evidence on the simple version of the Samuelson
hypothesis, which is often inconclusive. See Anderson [1] and the references
therein.

* Both authors from Graduate School of Business, University of Chicago. The comments of M.
Hartzmark, a referee, and workshop participants at the University of Chicago, the University of
Michigan, and the University of Utah are gratefully acknowledged. This research is supported by the
National Science Foundation (Fama) and the Center for Research in Security Prices (French).
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The theory of storage and the concept of a declining marginal convenience
yield on inventory were developed to explain the seasonal behavior of spot and
futures prices for agricultural commodities—in particular, futures prices that are
below spot prices before harvests, when inventories are low and the marginal
convenience yield on inventory is high. Metal inventories and prices are not
affected by such seasonals, but they are affected by general business conditions,
at least during the 1972 to 1983 sample period. Our evidence suggests that metal
production does not adjust quickly to positive demand shocks around business-
cycle peaks. As a consequence, inventories fall, forward prices are below spot
prices, and spot prices are more variable than forward prices around business-
cycle peaks, all in the manner predicted by the theory of storage. The success of
the theory in describing metals prices over the business cycles in our sample is
interesting because the predicted price behavior is generated by general business
conditions rather than by the harvest seasonals that motivated the development
of the theory.

Our data include the dramatic swing in the price of silver and the inversion of
“normal” futures-spot price relations in 1979 and 1980, which many view as
evidence of a squeeze in silver markets. We offer an alternative to the squeeze
hypothesis, suggested by the similar behavior of other metals prices during the
same period. In particular, the large price swing and the inversion of futures-
spot price relations for silver may just reflect the workings of the theory of
storage over the business cycle.

1. The Relation between Forward and Spot Prices: Theory

Let F(t, T) be the forward (or futures) price at time ¢ for delivery of a commodity
at T. Let S(t) be the spot price. The theory of storage says that the return from
purchasing the commodity at ¢ and selling it for delivery at T, F(¢, T) — S(¢),
equals the interest foregone during storage, S(¢)R(t, T), plus the marginal
warehousing cost, W(t, T'), minus the marginal convenience yield, C(t, T):

F(it, T) - S)=S@t)R(¢t, T)+ W(t, T) — C(t, T). (1)

The intuition of the convenience yield is that an uncompensated carrying
cost—a futures price that does not exceed the spot price by enough to cover
interest and warehousing costs—implies that storers get some other return from
inventory. For example, a convenience yield can arise when holding inventory of
an input lowers unit output costs and replenishing inventory involves lumpy
costs. Alternatively, time delays, lumpy replenishment costs, or high costs of
short-term changes in output can lead to a convenience yield on inventory held
to meet customer demand for spot delivery.

The storage equation (1) implies that the difference between the basis,
[F(t, T) — S(t)1/S(t), and the interest rate, R(t, T), is

[F@t, T) — S(®))/S(t) — R(¢t, T) = [W(, T) — C(&, T)/S(t). (2)

We observe F(t, T), S(t), and R(t, T'). Thus, the observed quantity on the left-
hand side of (2)—the interest-adjusted basis—is the difference between the
relative warehousing cost, w(t, T) = W(t, T'))/S(t), and the relative convenience
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yield, ¢(t, T) = C(t, T)/S(t), on the right. We use this observation to develop
testable hypotheses about the convenience yield and the relative variation of spot
and forward prices.

We assume that marginal warehousing costs for metals are roughly constant
over the relevant range of inventory, and variation in C(¢, T') dominates variation
in W(t, T). The relative convenience yield ¢ (¢, T') falls with increases in inventory,
but at a decreasing rate; dc/dI < 0 and d%c/dI* > 0. Figure 1 shows c(¢, T') and
the interest-adjusted basis as functions of inventory. At low inventory levels, the
convenience yield c(¢, T') is larger than the warehousing cost w(t, T'), and the
interest-adjusted basis is negative. At higher inventory levels, ¢ (¢, T') falls toward
0.0; the interest-adjusted basis becomes positive and rises toward w(t, T').

The assumption of Figure 1 that the marginal convenience yield declines with
increases in inventory but at a decreasing rate is intuitive and common in
empirical work on the theory of storage. (See, for example, Brennan [2] and
Telser [6].) It allows us to make predictions about the impact of demand and
supply shocks on spot and forward prices.

For example, suppose there is a permanent (current and future) increase in
some industry’s demand for copper. Because the shock increases current and
expected spot prices, other consumers progressively substitute away from copper
and producers increase planned outputs of copper. (Demand and supply elastic-

Relative
Convenience
Yield

———

0 Iaventory
I
Interest= e
Adjusted
Basis
7
0 Inventory

Figure 1. The Relative Convenience Yield and the Interest-Adjusted Basis as Functions of
Inventory
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ities increase with the horizon.) These demand and supply responses partly offset
the effect of the shock on expected prices. Although the demand shock is
permanent, the current spot price increases more than expected spot prices
because anticipated supply and demand responses mean that part of the effect
of the shock on the spot price is temporary.

The relative impact of the permanent demand shock on current and expected
spot prices also depends on inventory and the shape of the convenience-yield
function for copper. At high inventory levels, the convenience-yield function is
almost flat. There can be a large inventory response to the demand shock without
a large change in the convenience yield or the interest-adjusted basis. The
inventory response dampens the effect of the demand shock on the current spot
price, and the change in the current spot price is not much larger than the
changes in expected spot prices in forward prices. Most of the change in the spot
price is anticipated to be permanent.

In contrast, at low inventory levels, the convenience yield rises faster when
inventory is used to meet an increase in demand. As a consequence, the inventory
response is smaller, and the shock has a large impact on the current spot price.
The change in expected spot prices in forward prices is smaller because the
market anticipates future demand and supply responses. Thus, when inventories
are low, less of the change in the spot price shows up in forward prices, and the
spread of forward over spot prices is more variable than when inventories are
high.

French [4] develops formally the implications of the assumed shape of the
convenience-yield function in Figure 1. Predictions about relative changes in spot
and forward prices in response to (a) permanent (current and future) shocks to
supply conditions or (b) temporary shocks that affect only current demand or
supply are similar to those for a permanent demand shock. The shocks generate
relatively larger changes in spot prices than in forward prices when inventory is
low, but changes in spot and forward prices are roughly equal when inventory is
high. Moreover, when inventory is high, the theory again predicts roughly equal
changes in spot and forward prices in response to shocks that affect only future
demand or supply. When inventory is low, however, shocks to future demand or
supply cause larger changes in forward prices than in the current spot price.

We assume throughout that, for the metals, shocks that affect only future
demand or supply are rare relative to (a) permanent shocks to both current and
future demand or supply and (b) temporary current shocks. We recognize that
the assumption would be questionable for agricultural products where informa-
tion about future supply—harvests—is more important.

Our analysis refines Samuelson’s [5] hypothesis about the relative variation of
spot and forward prices. In essence, he shows that, if (a) the forward price is the
expected spot price and (b) the spot price is a stationary (mean-reverting) process,
then forward prices vary less than spot prices, and the variation of forward prices
is a decreasing function of maturity. The theory of storage leads us to the
hypothesis that the relative variation of spot and forward prices is also a function
of inventory. The tracks of the Samuelson hypothesis that forward prices vary
less than spot prices are likely to be more identifiable when inventory is low.
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II. Data

The data include daily observations from the London Metals Exchange (LME)
on spot and three-month forward prices for aluminum, cooper, lead, tin, and zinc
and spot, three-, six-, and twelve-month forward prices for silver. The sample
also includes futures prices for copper and gold from the New York Commodity
Exchange (Comex) and futures prices for platinum from the New York Mercantile
Exchange (NYM). The futures prices are for maturities to twelve months. Prices
are available from 1972 to 1983 for all commodities except aluminum, which
begins in 1979, and gold futures, which being in 1975.

The LME data have two advantages. First, there are no limits on LME spot
and forward price changes. In futures markets, trading stops when price changes
hit daily limits. We drop limit days from the futures data because quoted prices
are not equilibrium prices. The second advantage of the LME data is that there
aer simultaneous spot and forward prices, for fixed forward maturities, every
business day. In contrast, a futures contract does not have a fixed maturity.
Instead, there is a three- to four-week delivery period at the beginning of the
maturity month. Also, good spot price quotes for the close of futures trading are
not available. We use futures prices on maturing contracts as spot prices. For
example, March spot prices are closing prices for contracts that mature in March.
This solution to the spot price problem limits sample sizes since futures contracts
do not mature every month.

ITII. Evidence on Demand and Supply Shocks and the Theory of
Storage

A natural approach would be to test directly the hypotheses about inventory and
the variation of spot and forward prices. The metals we study are produced and
consumed internationally, however, and the accuracy of data on short-term
variation in aggregate inventory is questionable. We use a proxy for inventory
suggested by the storage equation (2). When inventory is high, the marginal
convenience yield on inventory is low and the interest-adjusted basis is positive.
When inventory is low, the convenience yield is high and the interest-adjusted
basis is negative. Thus, the sign of the interest-adjusted basis is a proxy for high
(+) and low () inventory.

A. The Variability of the Interest-Adjusted Basis

For example, the theory of storage prediction that shocks produce more
independent variation in spot and forward prices when inventory is low implies
that the interest-adjusted basis is more variable when it is negative. This
prediction is confirmed by the standard deviations of daily changes in the interest-
adjusted basis for the LME industrial metals (Table I). The standard deviations
for aluminum, copper, lead, tin, and zinc are at least forty-five percent larger
when the interest-adjusted basis is negative. F-tests (not shown) for the industrial
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metals reject the hypothesis that the variance of the interest-adjusted basis does
not depend on its sign at the 0.995 probability level.

The evidence for the precious metals is weaker. The standard deviations of the
interest-adjusted basis for silver and platinum are only slightly larger when the
interest-adjusted basis is negative. The interest-adjusted basis for gold is slightly
more variable when it is positive than when it is negative. The precious metals
produce weak results in all the tests. We leave the explanation until later.

B. The Relative Variability of Spot and Forward Prices

The theory of storage and the assumed shape of the convenience-yield function
in Figure 1 predict that demand and supply shocks produce roughly equal changes
in spot and forward prices when the interest-adjusted basis is positive (inventory
is high), but shocks cause spot prices to change more than forward prices when
the interest-adjusted basis is negative (inventory is low). This prediction is
confirmed by the ratios of the standard deviation of daily percent forward price
changes to the standard deviation of percent spot price changes for the LME
industrial metals in Table II. The ratios for aluminum, copper, lead, tin, and zinc
are close to 1.0 (0.96 or greater) when the interest-adjusted basis is positive. The
ratios are lower, from 0.78 (aluminum) to 0.91 (lead), when the interest-adjusted
basis is negative.

When the interest-adjusted basis is positive, the variances of spot price changes
and three-month forward price changes for the industrial metals are never reliably
different at the 0.95 probability level. The variances of spot and three-month
forward price changes are always reliably different at the 0.99 probability level
when the interest-adjusted basis is negative.

The theory of storage also predicts that demand and supply shocks produce
larger changes in near-term expected spot prices than in more distant expected
spot prices because the shocks are progressively offset by demand and supply
responses. The ratios of the standard deviation of futures price changes to the
standard deviation of spot price changes for copper (the only industrial metal
with more than one maturity) are roughly consistent with this prediction. The
ratios for positive interest-adjusted bases fall from 1.02 at three months to 0.97
at six months and 0.92 at twelve months. The ratios for negative interest-adjusted
bases are 0.92, 0.93, and 0.85. The twelve-month ratios are reliably different from
1.0 at the 0.95 probability level. This evidence is consistent with Samuelson’s [5]
general proposition that the difference between the variability of spot and futures
prices increases with the maturity of the futures price.

C. The Response of Forward Prices to Changes in Spot Prices

The theory of storage and the shape of the convenience-yield function in Figure
1 imply a more precise prediction about the response of spot and forward prices
to demand and supply shocks. Consider the regression of the percent change in
the forward price on the percent change in the spot price:

In[F(t, T)/F(t — 1, T — 1)] = a + bIn[S(¢)/S(t — 1)] + e(t). 3)
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At high inventory levels, the marginal convenience yield in (2) is not sensitive
to changes in inventory. Large inventory responses mean that shocks produce
roughly equal changes in current and expected spot prices. The slope b in (3) is
close to 1.0. At lower inventory levels, the convenience-yield function is steeper.
Smaller inventory responses mean that shocks have a larger effect on the current
spot price than on expected spot prices. Changes in the spot price are associated
with less than one-for-one changes in the expected spot prices in forward prices
because the market forecasts future production and demand responses to the
shock. If we use the sign of the interest-adjusted basis to proxy for high and low
inventory, the slope b in (3) should be smaller when the interest-adjusted basis
is negative.

The slopes for the LME industrial metals in Table III confirm this prediction.
When the interest-adjusted basis is positive, the slopes range from 0.95 (lead and
zinc) to 1.00 (tin). Moreover, spot and forward prices move almost in lock step;
the regression R ranges from 0.96 to 0.99. In contrast, when the interest-adjusted
basis is negative, the slopes are much lower, ranging from 0.69 (aluminum) to
0.86 (lead). There is also more independent variation in spot and forward prices;
the regression R? ranges from 0.77 to 0.92. The slope when the interest-adjusted
basis is negative is always at least 5.0 standard errors smaller than when the
interest-adjusted basis is positive. The behavior of spot and forward prices for
the LME industrial metals is consistent with the theory of storage prediction
that expected spot prices change roughly one for one with the current spot price
when inventory is high, but expected spot prices move less than the current spot
price when inventory is low.

The theory of storage also predicts that shocks have less impact on longer
maturity futures prices because demand and supply responses are larger for
longer planning horizons. Thus, the slopes in (3) should be lower for longer
maturity futures prices. The regressions for copper are roughly consistent with
this prediction. The slopes when the interest-adjusted basis is positive fall from
1.00 at three months to 0.95 at six months and 0.90 at twelve months, and the
six- and twelve-month slops are more than 5.0 standard errors from 1.0. The
slopes when the interest-adjusted basis is negative are 0.83, 0.88, and 0.78.

D. The Precious Metals

The regressions for the precious metals in Table III are less support for the
theory of storage. Slopes and R? in (3) for gold, platinum, and silver are close to
1.0, and they are not consistently lower when the interest-adjusted basis is
negative. Likewise, spot prices for gold, platinum, and silver are not consistently
more variable than futures (or forward) prices when the interest-adjusted basis
is negative (Table II), and the basis itself is about as variable when it is positive
as when it is negative (Table I).

A simple explanation is that storage costs for the precious metals that are low
relative to value, and the demand for gold and silver as investment assets, lead
to inventories sufficient to limit variation in convenience yields and thus in the
interest-adjusted basis. The averages and standard deviations of the interest-
adjusted basis in Table I are consistent with this view. Differences between
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average positive and average negative three-month interest-adjusted bases are
all greater than 3.0 percent for the industrial metals. In contrast, average positive
and negative three-month interest-adjusted bases for gold and silver differ by
only 0.57 percent and 0.67 percent, and the difference for platinum is 1.99
percent. The standard deviation of daily changes in the three-month interest-
adjusted basis for gold for all days is less than one sixth that of any industrial
metal. The three-month interest-adjusted basis for silver is about half as variable
as those for the industrial metals. Thus, at least for gold and silver, there is less
variation in convenience yields to be explained than for the industrial metals.
The Table III regressions do provide some evidence that spot price changes for
platinum and silver are not entirely permanent. If progressive production and
consumption responses partly offset demand and supply shocks, the slopes in (3)
should be smaller for longer maturity futures prices. The slopes for silver range
from 1.00 at three months to about 0.95 (about ten standard errors from 1.0) at
twelve months. The slopes for platinum drop from 0.95 at three months to 0.90
at twelve months. (All are at least 4.0 standard errors from 1.0.) Based on the
point estimates, on average 95.0 percent and 90.0 percent of the changes in silver
and platinum spot prices are permanent in the sense that they show up as
changes in expected spot prices in twelve-month forward and futures prices.

E. Forward Prices and Forecast Power

The slopes in (3) for the industrial metals indicate that forward prices respond
less than spot prices to demand and supply shocks when the interest-adjusted
basis is negative. We interpret this as evidence that, when inventory is low, the
market forecasts that only part of a current spot price change shows up in
expected spot prices in forward prices. It is interesting to test whether these
market forecasts of future spot prices, inferred from contemporaneous changes
in spot and forward prices, are rational (unbiased).

Our attempts to test the rationality of market forecasts of spot prices have
failed. The problem is familiar: variances of unexpected spot price changes are
so large relative to variances of expected changes that we are unable reliably to
extract expected changes from observed changes. (See Fama and French [3] for
some details.) Thus, we are able to identify variation in forward prices due to
market forecasts of spot prices, but we lack tests with power to infer whether the
forecasts are rational.

IV. Price Inversions and the Business Cycle

Tables I to III are consistent with theory-of-storage predictions about (a) the
variation of the interest-adjusted basis and (b) the relative variation of spot and
forward prices as a function of the level of inventory. This section describes how
the price behavior that produces these results relates to the business cycles of
the 1973 to 1982 sample period.

A. The Behavior of Spot Prices

Table IV summarizes the behavior of spot prices around the business-cycle
peaks, identified by the National Bureau of Economic Research as November
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1973 and January 1980. There are large increases in the prices of all metals
before the business-cycle peak of January 1980 and large declines thereafter.
Gold and platinum prices grow to almost five times their January 1978 values
and then fall by July 1982, gold to about forty percent and platinum to about
thirty percent of peak values. Copper and lead prices double their January 1978
values and then fall to about forty percent of their peaks by July 1982. Silver has
the largest price swing in the 1978-1982 period. The closing spot price on January
18, 1980 is more than ten times the price on January 3, 1978. From January 18,
1980 to July 1, 1982, the spot price falls almost to its January 1978 value.

There are similar price swings around the business-cycle peak of November
1973. All prices rise from January 1972 to November 1973, peak during the first
half of 1974, and fall thereafter. The price of gold quadruples from January 3,
1972 to April 3, 1974 and then falls twenty percent from April to July. Silver
peaks on February 26, 1974, at about five times its January 1972 price, before
falling to seventy percent of its peak value on July 1, 1974. Copper, lead, and tin
peak at about three times their January 1972 values in April and May 1974 and
then fall between fifteen percent and forty percent by July 1974. Zinc has the
biggest price swing, peaking on May 6, 1974, at almost six times its January 1972
value, and then falling about fifty percent by July 1, 1974.

B. The Behavior of the Interest-Adjusted Basis

The theory of storage and the pro-cyclical behavior of spot prices suggest that
positive demand shocks near a business-cycle peak reduce inventories, raise
convenience yields, and generate negative interest-adjusted bases. Table V shows
that three-month interest-adjusted bases for the industrial metals, aluminum,
copper, lead, tin, and zinc, are typically negative during both 1973-1974 and
1979-1980. The most extreme negative interest-adjusted bases tend to occur near
the business-cycle peaks, November 1973 and January 1980.

The plot of the three-month interest-adjusted basis for copper in Figure 2
(plots for other industrial metals are similar) shows that, during the 1973-1974
and 1979-1980 periods when the interest-adjusted basis is negative, it is persist-
ently negative. This suggests that production does not adjust quickly to positive
demand shocks around business-cycle peaks. The large price swings for the
metals (and the demand for forward and futures markets) also suggest industries
in which production does not adjust quickly to shocks.

The periods around business-cycle peaks when interest-adjusted bases for the
industrial metals are negative are the periods for which the regressions in Table
III indicate that forward prices vary less than one for one with spot prices. Since
spot price changes are on balance strongly positive during these periods, the
market is apparently forecasting that the increases are in part temporary, to be
reversed by future production and demand responses.

Except for tin, there are also periods, for example, June 1975 to January 1978
and January 1981 to December 1983, when interest-adjusted bases for the
industrial metals are typically positive or close to 0.0, implying that inventories
are relatively high. These are the periods for which the Table III regressions
indicate that changes in spot prices are mostly permanent: changes in spot prices
on average show up one for one in forward prices.
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Figure 2. Interest-Adjusted Basis for Copper
C. A Squeeze in Silver?

Some claim that negative interest-adjusted bases (Table V) and the large spot
price swing for silver in 1979 and 1980 (Table IV) are evidence of a squeeze. In a
squeeze, colluding traders secretly take long nearby futures positions that exceed
deliverable supply. As contract maturities approach and the market becomes
aware of the squeeze, spot and nearby futures prices rise. Because the squeeze is
temporary, there is an “inversion” of futures-spot relations; longer maturity
futures prices are not sufficient to cover interest carrying costs. When the squeeze
is over, the spot price falls and “normal” futures-spot relations return.

Although the price swing for silver in 1979 and 1980 is dramatic, it is not
unique. Table IV shows that such swings are common for metals prices around
both the November 1973 and January 1980 business-cycle peaks. The inversions
of forward-spot relations in Table V are also not unique to silver or the 1979-
1980 period. Inversions of forward-spot relations are similar for silver and
platinum (both precious metals) and generally smaller for silver than for the
industrial metals. During the September 1979 to April 1980 period, which includes
the purported squeeze, the negative three-, six-, and 12-month interest-adjusted
bases for silver are within 0.14 percent of those for platinum. The average value
of the three-month interest-adjusted basis for silver from September 1979 to
April 1980 is —0.98 percent. Among the industrial metals, only the average for
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zinc (—0.76) is closer to 0.0 for this period. The averages for three of the five
industrial metals are below —5.0 percent.

Since we have no direct tests, we cannot infer that there was no squeeze
attempt in silver in 1979 and 1980. However, Tables IV and V suggest an
alternative explanation for the behavior of silver prices during this period; the
large price swing and the inversion of forward-spot price relations reflect the
workings of the theory of storage over the business cycle.

V. Conclusions

Inventory responses spread the effects of demand and supply shocks between
current and expected spot prices. The theory of storage predicts that, when
inventory is high, large inventory responses to shocks imply roughly equal
changes in current and expected spot prices. Thus, changes in spot prices are
largely permanent; they show up one for one in forward prices. When inventory
is low, smaller inventory responses mean that current shocks cause larger changes
in spot prices than in forward prices. Expected spot prices in forward prices
change less because the market forecasts progressive demand and supply re-
sponses to shocks.

Tests on spot and forward prices for the industrial metals, aluminum, copper,
lead, tin, and zinc, confirm these predictions. We use the sign of the interest-
adjusted basis to proxy for high (+) and low (—) inventory. When inventory is
low (the interest-adjusted basis is negative), the interest-adjusted basis is more
variable (Table I), spot prices are more variable than forward prices (Table II),
forward prices move less than one for one with changes in spot prices (Table
III), and there is more independent variation in spot and forward prices (Table
ITI). When inventory is high (the interest-adjusted basis is positive), the interest-
adjusted basis is less variable, forward prices move roughly one for one with spot
prices, and changes in forward and spot prices are almost perfectly correlated.

Results for gold, platinum, and silver are weaker. We suggest that low storage
costs for the precious metals lead to inventories sufficient to keep convenience
yields close to 0.0 and thus to ensure roughly one-for-one variation in spot and
forward prices.

During our sample period, the variation of spot and forward prices for metals
has a strong business-cycle component. There are sharp rises and declines in the
prices of all metals around the business-cycle peaks of 1973-1974 and 1979-1980.
We suggest that the price rises reflect near-term supply responses that are
insufficient to absorb positive demand shocks around business-cycle peaks. The
theory of storage then predicts that the demand shocks reduce inventories and
generate positive convenience yields and negative interest-adjusted bases. The
evidence is consistent with this prediction. Interest-adjusted bases are negative
for all metals but gold around the peak of 1979-1980 and for all metals but zinc
around the peak of 1973-1974. An interesting future project is to check whether
the behavior of prices over the business cycle observed in our sample is charac-
teristic of other periods.
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