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The dynamics of consumption and stocks are crucial for analysis of commodity prices and policies.
But empirical application of the standard storage model has been derailed by failure to replicate
high real price autocorrelation. Our proposed storage model is the first empirical model to recog-
nize the full implications of nonstationarity for price behavior and speculative arbitrage with an
occasionally binding non-negativity constraint, a challenge shared by DSGE models in macroeco-
nomics and growth. Our consistent least squares strategy estimates first the endogenous price
trend induced by a latent trend in production and then the interest rate and a target separating
two distinct dynamic regimes. In one, price has a stochastic trend with drift equal to the interest
rate; in the other, price exhibits expected jumps from current price to a trending target price in
the stockout region. Neglect of small trends can increase measured price autocorrelation and var-
iation to the high observed levels.
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Empirical application of the standard dynamic
stochastic model of commodity storage has
been derailed by its failure to replicate
observed high autocorrelation of real annual
prices (hereafter “prices”), which has been

characterized as “the central feature of the
policy problem for commodity exporting
states” (Deaton 2010, p. 8). Here we address
one significant source of this failure, neglect
of modest secular trends in prices.1 Neglected
secular trends might appear small relative to
total short run price variation but can greatly
increase autocorrelation (Zeng 2012; Gouel
and Legrand 2017).2
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1Other sources that partially explain the increase in correlation
are problems with the numerical accuracy of the policy function
approximation (Cafiero et al., 2011b) and the spurious correlation
induced by averaging prices over a calendar year (Guerra
et al. 2015). Rui and Miranda (1995) calibrate a model to produce
high price autocorrelation, but unlike the Gustafson (1958)
numerical model (elaborated by Deaton and Laroque 1992), the
model of Rui andMiranda (1995) does not have occasionally bind-
ing constraints on arbitrage.

2We do not address very short run price behavior that is crucial
to traders. In the very short run, traders can work with current
nominal prices and interest rates ignoring price trends and defla-
tors. But over a year or more real price trends are very relevant
to price dynamics, including jumps, of great interest to
speculators.
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Secular price movements are the subject of
a large empirical literature in the tradition
established by Singer (1950) and Pre-
bisch (1950). Yet there is no consensus on the
nature of trends in commodity prices nor on
the interpretation of occasional irregular
spikes in these series.
A separate literature follows a model pre-

sented by Gustafson (1958) that laid the
foundations for rational expectations com-
modity storage models and for dynamic sto-
chastic general equilibrium (DSGE) models.
After their path-breaking empirical estima-
tion of such a model, Deaton and Laro-
que (1992, 1995, 1996) were disappointed
to find that it could not reproduce the high
price autocorrelation seen in the commodity
price data. Subsequent tests of the standard
stationary storage model (Cafiero et al. 2015)
have produced more encouraging results
regarding the ability of the model to repli-
cate commodity price autocorrelation, but
they tend to imply excessive stock accumu-
lation and too few price spikes. Thus, the
ergodic model of storage arbitrage has not
been shown to be capable of a general eco-
nomic rationalization of observed high price
autocorrelation.
In this article we present a model that rec-

onciles high reported autocorrelation and
large jumps in commodity prices. We assume
that all quantities are measured in per capita
terms. The production process is exogenous
and includes a latent trend and i.i.d. distur-
bances, and consumption demand is station-
ary and from a general class of HARA
demand functions that includes the linear,
iso-elastic, and exponential cases. We assume
there is an endogenous demand for storage
generated by profit-maximizing speculators
with rational expectations. We further
assume that the functional form of the latent
consumption demand and the nature of the
production process are such that their inter-
action jointly implies a log-linear secular
trend in the endogenous observed price
series.
By simulating this model, we show that a

small trend can increase sample price auto-
correlation and variability to the high levels
observed in commodity price data and
induce a serious bias in the estimated
interest rate.
We propose a simple two step least squares

procedure for estimation of three key parame-
ters: the secular trend, the interest rate, and a
threshold that separates the two price regimes

in a stationary counterpart model and prove
consistency.3,4

In the first step we estimate the trend using
least squares on a linear regression of the log
of price on time. In classical linear trend
models with uncorrelated white noise distur-
bances it is straightforward to prove that the
least squares estimator of the time trend coef-
ficient is superconsistent (see for example
Sims, Stock, and Watson 1990). In our case
the disturbances are a function of the loga-
rithm of detrended prices; they are not i.i.d.
We establish superconsistency of the estima-
tor of the trend, as described below.

Conditional on our estimate of the trend
parameter, in the second step we obtain non-
linear least squares estimators of the threshold
price and the interest rate, using the trending
price data. We prove consistency of this proce-
dure. Because our model nests the standard
stationary storage model, our consistency
proof applies to the standard model as a par-
ticular case. We are not aware of a proof of
consistency of estimation of the commodity
storage model, even for the standard station-
ary case.

Monte Carlo evidence shows that, for esti-
mation of the standard stationary storage
model, our least squares econometric proce-
dure performs better than the widely used
generalized method of moments (GMM) of
Deaton and Laroque (1992).

Applying this two-step procedure to small
illustrative examples of cotton and maize
prices, the point estimates of the interest rate
are quite similar, 2.9% and 2.7% for cotton
and maize respectively, suggesting participa-
tion in a common capital market. If instead
we assume no trend and estimate the second
stage as in a stationary model, the interest rate
estimates have a substantial downward bias;
indeed for cotton the point estimate of the
interest rate is negative.

At first glance it might seem that, if there is a
price trend, our two-step procedure is equiva-
lent to detrending the data in a preliminary

3Approaches that simultaneously estimate the trend and other
structural parameters face the nontrivial challenge that the exis-
tence of a trend induces a dichotomy that leads to a discontinuity
in the limit of the predictor. Such models do not satisfy the suffi-
cient conditions for consistency of estimators in the literature.
For a detailed discussion see Bobenrieth, Bobenrieth, and
Wright (2020).

4Bobenrieth, Wright, and Zeng (2013) implemented a similar
approach without discussing how the model addresses the full
implications of trends in a paper focused on the ability of the
model, estimated on price data, to replicate observed stock-to-
use ratios.
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