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Abstract

The informational content of commodity indices as predictors of
inflation in industrial economies remains a subject of debate in the
literature and among practitioners. In this paper we study within
the framework of cointegration, the relationship among four commod-
ity indices without considering the “target” price level, which in our
case is measured by either US CPI or WPI. T'wo stochastic common
trends summarize the secular common movements among the com-
modity indices and are cointegrated with each price variable. On the
other hand the cyclical components can be synthesized into a sin-
gle common stationary combination of the variables. These cyclical
movements are strongly related to inflation and present the interesting
feature of Granger causing inflation but not being caused by it.

*Dip. di Statistica “G. Parenti”, Universita di Firenze, Viale G.B. Morgagni, 59,
1-50134 Firenze FI, Italy and Economics Department, European University Institute,
GALLOG@STAT.DS.UNIFLIT

TIGIER - Bocconi Via Salasco, 5 - 20136 Milan, Italy and Economics Department, EUI
- massimiliano.marcellino@uni-bocconi.it

*Department of Economics, Wylie Hall, Indiana University, Bloomington, IN 47405,
USA, TRIVEDIQINDIANA.EDU



1 Introduction

Two issues regarding commodity prices have attracted attention of econo-
mists over a long period. The first concerns the long- and short-term re-
lationships between commodity prices and general price indices such as the
consumer price index (CPI) and the wholesale price index (WPI). The second
concerns the trend in the long-term real price of commodities, as exemplified
in the literature on the so-called Prebisch-Singer hypothesis which predicts
a long-term decline in real commodity prices. This article is primarily con-
cerned with the first of these two issues, but will comment on the implications
of our analysis for the second.

Since commodities are inputs into many widely consumed or produced
outputs, nominal prices of the latter are expected to move in line with the
former. Furthermore, the assumption that commodity prices are determined
in “auction markets” is widely accepted as a first approximation. Hence,
they tend to respond relatively more quickly and sensitively to monetary or
real shocks than do industrial prices. These considerations are at the center
of the search for a synthesis of commodity prices (an index) able to charac-
terize these transmission mechanisms on inflation.! Some commodity index
producers (e.g., Crimmins, 1993) claim that this is one of the considerations
underlying the choice of the weights of the index and of changing them as the
structure of the world demand for commodities changes. Theoretical support
for a relationship between nominal commodity prices and the general price
level is provided by Frankel (1986), Boughton and Branson (1991), and Pec-
chenino (1992) among others. In what follows we will sketch a simple model
which highlights how supply and demand shocks in the economy can impact
on commodity prices and then on the general price level. We will provide a
possible explanation of why the empirical evidence on a long-term relation
between commodity prices and a general price index (such as CPI or WPI)
has proved to be elusive (e.g., Baillie, 1989) by suggesting that any single
index does not fully summarize the various general price components, but
several indices may have information in common which is relevant for the
general price.

'See “Tapping the Inflation Barometer”, the Economist, March 5th 1994, which reminds
us that “.. In 1987 James Baker, then America’s treasury secretary, proposed that the G7
countries should adopt a commodity-price index as an early warning indicator”. See also
Durand and Blondal (1991) and Kugler (1991).



There are a number of commodity price indices that have wide currency
(Reed, 1995), and several of these have been used in previous econometric
investigations: here we will use four of these indices, namely the Commodity
Research Bureau Index, the Goldman Sachs Commodity Index, the World
Bank Commodity Index and The Economist Dollar based Commodity Index.
Most previous authors have adopted cointegration analysis (justified by the
nonstationarity of the indices used), although limited to a bivariate frame-
work between a commodity index and a general price index. For example,
Baillie (1989) could not find bivariate cointegration between some commodity
price indices and the consumer price index for the U.S.A., France, Italy, U.K.,
or West Germany. Similarly, Garner (1985) and Durand and Blondal (1991)
found no relationship between commodity price levels and the consumer price
index level, though they found a stronger indication of a relationship between
the changes in these variables.

Two are the main empirical questions which are addressed in this paper:

1. How much information is shared by different (US dollar based) com-
modity price indices?

2. How much of the common information is related to a US price index
or to inflation?

We show that two common trends drive the permanent components of the
indices (in spite of the different individual commodity weights), and a single
common factor explains most of the variability of the cyclical components.
Although there do exist several methods to achieve a permanent/cyclical
decomposition, our empirical results suggest that there is little practical dif-
ference from following one or the other.

For the second question we show that there exists an equilibrium rela-
tionship between commodity indices (summarized by the common trends)
and a general price index. Moreover, the common cyclical component of the
commodity indices is shown to Granger-cause inflation while the reverse is
not true.

The plan of the remainder of the paper is as follows. Section 2 outlines
a simple model where commodity prices and a general price level are related
to supply and demand shocks whose characteristics generate the dynamic
properties of price behavior and can justify the cointegration framework.



In Section 3 we describe in more detail the commodity indices used in the
analysis. In Section 4 we study the properties of the four indices, deriving an
estimate of their common permanent and transitory components. In Section
5 these components are compared to two general US price indices (CPI and
WPI), and to the related measures of inflation. Section 6 concludes.

2 A Simple Theoretical Framework

The model that we propose to relate commodity prices to the general price
level is similar to that by Pecchenino (1992), modified to consider two com-
modities or bundles of them, and the existence of a futures commodity mar-
ket. Further extensions such as the introduction of more commodities or
of price stickiness are feasible, but we prefer to adopt the simplest model to
highlight the main point that we wish to make, namely, that the price indices
can be expected to be integrated, while cointegration among themselves and
with the general price index may or may not hold. By so doing we set the
stage for the empirical questions of the paper.

Consider an economy with three types of agents, consumer good pro-
ducers, commodities producers, and traders. The representative producer of
consumer good has a Cobb-Douglas production function:

Y = acy + (]. — Oé)dt + L,

where y is the (log of the) product, ¢ and d are (the logs of) two commodities,
a € [0,1] is the elasticity of substitution, y is a productivity shock, and, for
simplicity, we assume that a fixed amount of labor and capital are used, one
unit of each of them (so that their logs are zero). For technological reasons,
e.g., transportation time, the amount of ¢ and d to be used in period ¢ must
be decided one period in advance, in ¢ — 1.

The representative trader is committed in period ¢ — 1 to deliver to the
producer of the good the required quantity of ¢ and d in period ¢ at unit prices
Pet and pge, by buying it from a commodity producer at unit prices g; and h;.
Thus the trader fixes the prices p. and pg; in period ¢t —1, so that the demand
of each commodity is equal to the expected supply, ¢ = Cfnq = ¢}, , and
df = dil\t—l = d§|t_1, where ;1 indicates the expected value of z; in period
t—1.2

2To add realism to the model, one may want to consider the presence of a risk premium
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The supply functions of the representative commodity producer are:

¢ = s(g—p) +e,
di = r(he —pe) + 1

where p; is the general price level, that coincides with the price of ;, and &,
and 7, are supply shocks. In equilibrium g; and h; are such that ¢ = ¢ and
d¢ = ds.

The price level is established by a money demand equation, facing a fixed
money supply, namely:

mf—pt = yt“‘Ct;

P —
my; = My,

where (; is a demand shock.

We will now solve the model to determine the equilibrium quantities c¢;
and d;, the prices g¢, h¢, pet, and pg, and the general price level p;.

The first order conditions for the good producer are:

Pt — D1 = Ina+(1—a)d! — (1—a),
Pat — Pep—1 = In(l—a)— adf + och,

namely, the expected real price of commodities equals their expected mar-
ginal product. Given that in equilibrium ¢f = ¢, , and df = d;

tt-10 W€
get

Pet — Dtjt—1 = Inao+ (1 - a)r(pdt - pt|t71)

+(1 — Oé)nt\t—l — (1 —a)s(pa — pt\t—l) — (1 — a)ege-1,
Pat — Ptjt—1 = In(1 — o) — ar(pa: — pt\t—l) — OTt—1

+as(pet — peji—1) + g1

Solving for pe; — pyi—1 and pgs — py—1 yields

(1+ar)lna+(1—-a)rin(l —a)+ (I —a)nu—1 — (1 — a)eg
l+ar+(1—a)s

Det — Djt—1 =

demanded by the trader. We prefer not to do so because it would mainly burden the
notation impeding the derivation of a closed-form solution.
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ke,
(1+(1—-a)s)ln(l —a) +aslna + agy—1 — any-—1
I+ar+(1—-a)s

Pat — Ptjt—1 =

kq.

and

d
¢ = Sk’c—f—gt‘t_l,

dl = rkg + Myje—1-

Notice that if e,;_; is positive, i.e., a positive shock to the supply of c is
expected, p — py—1 decreases less than proportionally, pg — py¢—1 increases,
and both ¢ and d¢ increase.

The prices of ¢; and dy, g; and h;, must be such that ¢ = ¢f and d? = ds.
Hence,

S

¢ = s(g—p)+e=5pa— pt|t71) + &1,
d;y = r(hy —pi) +n=1(Par — Peji-1) + Mjt—15

and

€t — &gjt—1 /5

)

€t — 5t|t—1)/57
)
)

g = Pt (Pet — Peje—1) —
= Pet + (Pr — Pie—1) —
hy = p+ (pdt - pt\tfl) -
= par + (Pt — Peje—1) —

e — Thjt—1 /r
Mt — Mejt—1 /T.

Therefore, the prices increase with the “future” prices and with unexpected
shocks to the general price level, and decrease with unexpected supply shocks.
On average, g; = pt and hy = pg;.

From the monetary sector,

pr = My—ac— (1—a)d; —p— ¢
= Ty — as(pa — pee-1) — (1 — @)r(par — peje—1)
—QE—1 — (1- 04)7]t|t—1 — g — G
1-— 1 _ 1 _
(1 —a)(1+8)nge—1 + a(l 4+ 7)1 LK,
l1+ar+(1—-a)s

= My — py— G —



(1= a)(1 4 s)myu—1 + (1l +7)egp—

1= My — g1 — Cee—1 — K
Dtjt—1 T — fee—1 — Gefe—1 TFar+(1—a)s + I
where
K = — as[(l+ar) Inat+(l—a)rn(l—a)]+(1—a)r[(1+(1—a)s) In(1—a)+asin o] ‘

l+ar+(1—a)s

Hence, the price level increases with negative shocks to aggregate supply
(e < 0), positive shocks to aggregate demand (¢; < 0), and negative ex-
pected shocks to the commodities supply (eq¢—1 < 0, m—1 < 0). Price
surprises, p; — pyi—1, are due to unexpected shocks to the aggregate demand
and supply but not to the commodities supply.

The dynamic behavior of the general price level and of the commodity
prices depends on the properties of the shocks. The demand shocks usually
only have temporary effects, so that (; is assumed to be stationary, even if
possibly correlated in time. According to the Real Business Cycle literature
(e.g. Long and Plosser, 1983), the aggregate supply shocks have in general
permanent effects, i.e., from the statistical point of view, they are integrated
processes. The supply of commodities is affected by a mixture of permanent
and transitory shocks, so that overall ¢, and 7, can be also expected to be
integrated process. For example, Reinhart and Wickham (1994) include weak
economic growth, the surge in commodities supply during the 1980s, and the
breakdown of several international commodity agreements among permanent
shocks in real commodity prices; weak economic performance in industrial
countries, and negative demand and supply shocks from the former Soviet
Union among the cyclical shocks.

In the presence of persistent shocks, both the commodity prices and the
general price level are integrated. A natural question is under what conditions
they are cointegrated, i.e., there exists a linear combination of them that is
stationary. For our purposes, this is particularly interesting if we interpret ¢
and d as two bundles of commodities instead of single commodities, and g,
and h; as two different commodity price indices.

Several cases can be distinguished, according to the relationships among
the three supply shocks p, €; and 7. Two of them are of particular interest.

1. If there is no cointegration among u;, €; and 7;, the commodity price
indices ¢; and h; are not cointegrated. Each of them is also not coin-
tegrated with the general price level, p;. This is a common result in
empirical analysis, see e.g., Baillie (1989), where usually no cointegra-
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tion is found between a commodity price index and the general price
level. Yet, the linear combination

agi+ (1 —a)hy — p

is stationary, i.e., there exists a cointegration relationships but it in-
volves all the three price measures. This is because p; — py;—1 and
Par — Pyje—1 are driven by the same shock, e, — n;, and all surprises,
Ty — Tyy—1, are stationary.

. If e, —mn, is stationary, i.e., the supply of the two commodities is affected

by the same permanent shock, g; — h; is also stationary, i.e., the two
commodity price indices are cointegrated. Moreover, each of them is
cointegrated with the general price level.

Even if we increased the number of commodities in the production func-
tion, it would still be possible that their prices are driven by a limited num-
ber of permanent shocks, reflecting the interrelationships among commodity
markets, and that the general price level shares these shocks as well. If this
is the case, commodity price indices, being weighted averages of commodity
prices, can also be expected to be cointegrated with one another and possibly
with the general price level, since they may have the same combination of
permanent shocks in common. Which situation applies in practice becomes
the relevant empirical question.

3

The Selected Commodity Indices

As mentioned before, we have chosen four broadly based indices:

1.

Commodity Research Bureau index (CRBI);

Goldman Sachs index (GSCI);

. Economist index (ECI);

. World Bank commodity index based on 33 internationally traded pri-

mary commodities (WBI).



Although all four indices use commodity prices expressed in US dollars,
they vary considerably in their coverage and weights given to component
commodities. The CRBI is a quarterly average of daily indices of 21 com-
modities putting an equal weight on them. The GSCI has 22 commodities
but puts a weight of over 50% (51.26) on energy while the ECI and the WBI
exclude energy and precious metals entirely (see Table 1). Crimmins (1993,
p. 2) notes: “The Goldman Sachs Commodity Index (GSCI) measures the
total return of a world-production weighted basket of commodity futures
contracts. The GSCI has been back calculated to 1970 using futures data
for all commodities with liquid, tradeable futures contracts which satisfy our
inclusion criteria. Of necessity the composition of the GSCI has changed dra-
matically over time as new commodities met the GSCI liquidity threshold.”
The ECI is based on 24 commodities weighted according to the imports of
OECD countries. The CRBI, WBI and ECI are broadly based indices which
give a substantial weight to ‘soft’ (agricultural) commodities. For additional
details see Table 1.

We have used two general price indices in our analysis: the US consumer
price index (CPI) and the US wholesale price index (WPI).3

The graph of the (logs of the) four indices in Figure 1 highlights a sharp
increase in their level during the early 70s, due to the oil crisis and more
generally to the increase in raw materials prices, followed by a further in-
crease at the end of the decade, which is a reflection of the second oil crisis.
The amplitude of the fluctuations dampens during the 80s, but a somewhat
cyclical behavior is still present.

The indices tend to move together, this property being more evident for
the first part of the sample. The contemporaneous correlation coefficients
are fairly high (the highest is 0.96 between CRBI and ECI, and the lowest
0.73 between GSCI and ECI). The empirical autocorrelation functions of
the variables start at very high values, higher than 0.9, and slowly decay,
suggesting that the variables may be well approximated as I(1) processes.

3The CPI and WPI were extracted from the International Financial Statistics CD-
ROM data base.



4 Commodity shocks: permanent or cyclical?

As mentioned previously, the main questions that seem relevant in this con-
text are the following:

1. How much is there in common among the four commodity price indices?

2. How much of this commonality is related to the US price indices such
as CPI and WPI?

Given the nonstationarity of the variables involved, and in light of the
suggestions of the theoretical model, both questions may be addressed within
a cointegration framework®. A direct route would be to study cointegration
among the indices and the price index in a five-variable system. This would
be a desirable property of the data, and it would provide some answers to
both questions. It seems more appealing, though, to follow a different route,
which would give us stronger answers and a more general framework. We
will thus exclude for the moment the price variable (the CPI or WPI price
index), in order to extract a “pure” signal from the indices which should not
be contaminated, so-to-speak, by the target it refers to.

As is well known from the literature, the larger the cointegration rank,
i.e., the number of stationary linear combinations of nonstationary variables,
the smaller the number of common stochastic trends driving the long run
evolution of the variables. If the indices measured exactly the same quantity,
they should be driven by the same trend; if this quantity measured in common
is related to a price index, this trend would drive the behavior of prices as
well. The greatest commonality in the nonstationary behavior of the variables
would correspond in our case to a cointegration rank being equal to three for
the four indices. As we saw from the theoretical model this need not be the
case, since shocks may be more diversified.

In order to evaluate whether this is the case, we construct VAR models,
check for their accuracy in representing the variables, and then apply tests
for the determination of the cointegration rank.

Formally, a VAR(k) for a vector of n variables x; can be written as:

4For brevity we will only sketch the considerable volume of empirical results that were
obtained, which are available from the authors upon request.



k
xi =Y Ajx_;j+6+e with e ~IN, (0,%). (1)

j=1
where 6 is a vector of n constants, A; is an n X n matrix of autoregressive
coefficients, and €; is a vector of n unobserved errors which have a zero mean
and constant covariance matrix 3. When the variables being modelled are
I(1) but satisfy 7 < n long run equilibrium relationships 3'x; which are

1(0), the VAR model (1) can be written as a vector equilibrium-correction
mechanism (VECM: see Johansen (1991, 1995) and Hendry (1995)):

k—1
Ax; = Z A% + a(B%-1) + 6 + €, (2)
j=1
where A is the first difference operator, I'; = — Zf: i11 Ay, and a and 3 are
n X r matrices of rank r such that a3 = — (IN - Zle A

Since r is not known a priori its value was determined empirically, on the
basis of the customary Johansen’s (1991) maximum eigenvalue and trace test
statistics. A VAR with five lags (with unrestricted intercepts and no trend)
is a proper statistical representation for the four indices, and the hypothesis
of the cointegration rank being equal to two is accepted (Table 4).> Thus, we
will maintain that fwo common trends, not just one, underlie the behavior
of the indices when examined by themselves.

Any attempt at understanding the message in the commodity prices re-
volves around the nature of the shocks accruing to the indices. From our mul-
tivariate analysis, but subject to caution that our analysis is conducted on
nominal indices, the graphs of the two estimated common stochastic trends
(Figure 2) suggest the presence of two counterweighing forces at work for
long-run movements, namely, a common trend which exhibits a decline fol-
lowing the second oil shock, while a second one shows a small upward ten-
dency.

5In fact, this choice is confirmed by the significance of the error correction terms in
the VECM, and it is robust to an increase in the lag length. The recursive Chow tests
support the stability of the VAR parameters. Repeating the analysis for the subsample
76Q1-93Q4 (with possibly a different behavior following the first oil shock) there are no
changes in the cointegration results.
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This result sets the stage for analyzing how these two common trends
combine with each other into the permanent (i.e., nonstationary) compo-
nents of the commodity price indices. From a methodological point of view
there exist various ways of separating permanent from transitory components
under the constraints imposed by cointegration, achieving identification by
characterizing the nature of each component. In what follows we adopt the
Gonzalo and Granger (1995 — GG) decomposition, where the common trends
are taken to be linear combinations of the I(1) observable variables, imposing
on the transitory components the constraint that they are a linear combina-
tion of the error correction terms.®

4.1 The permanent components

The combination of the common trends into the permanent component of
each variable helps in characterizing the similarities among indices. Figure 3
exhibits the behavior of the variables with their estimated permanent compo-
nents. The commodity price indices can therefore be differentiated according
to the behavior of their permanent component. The striking result is that
GSCI has a markedly different behavior relative to the other indices. The
increase in the indices during the first part of the sample is reflected in the
increase of the permanent components.

As of the question related to the decline in the prices in the 1980s, Figure
3 shows that the decline in commodity prices is reflected only in the energy
dominated GSCI and the WBI, and to a lesser extent by the CRBI. But only
the permanent component of the WBI index follows somewhat such a decline,
which is absent from the other permanent components. On the basis of our
results, therefore, the evidence in favor of the secular nature of the decline in
nominal commodity prices is mixed. We note that throughout the ‘80s cur-
rent US dollar prices of energy and several important agricultural products,
especially coffee, cocoa, grains, and cotton were in decline. Increases during
the 1980s were exhibited in some of the metals such as aluminum, copper,
and nickel. Nevertheless, these results are consistent with a declining long
term trend of real commodity prices suggested by the previously cited IMF
studies.

6We also used the Beveridge-Nelson-Stock-Watson (Stock and Watson, 1988a 1998b —
BNSW) decomposition, where the permanent component of each variable is characterized
as a linear combination of purely random walks, but this did not affect the results.
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The beginning of the 1990s are characterized by a certain divergence
between permanent components and indices with the former greater than
the latter. This would indicate a certain pressure on nominal commodity
prices to increase due to secular factors. Indeed, the nominal prices surged
from late 1993 to early 1995, the ECI rising more than 20%.

4.2 The cyclical components

In our framework the cyclical (or transitory) components of each variable are
obtained by subtracting the permanent component from the original vari-
ables (Figure 4). The result shows that in the 1970s the oil shocks brought
about a big surge in these components which were subsequently absorbed.
In the 1980s, therefore, all indices are characterized by a strong decline in
their transitory components, lending a strong support in favor of the cyclical
explanation for this decline. The early 1990s are marked by smaller fluctua-
tions.

It is clear from the graph that these components are highly correlated
with one another (the smaller coefficient is 0.95), implying that the informa-
tion in the components can be synthesized.. In fact, performing a principal
component analysis suggested that a single factor explains most of the cor-
relation and can be interpreted (on the basis of the factor score coefficients)
as a simple average of the four cyclical components. Traditional Box-Jenkins
analysis and the use of information criteria indicates that this single factor
is best represented as an ARMA(3,3) process.”

5 Relationship with the General Price

We can now relate these results to the price index movements, considering
CPI and WPI in turn. The issue is whether there is cointegration among
the indices and the price measures. For this hypothesis to be accepted,
given that there exist two cointegration relationships among the indices, the
cointegration rank in a five variable VAR which also includes a price measure

"We also performed a common cycle analysis & la Vahid and Engle (1993), which does
not provide any evidence of common cycles at the order zero or one (results available upon
request) which would correspond to the case where a combination of the variables in first
differences is either a white noise or an MA(1) process.

12



has to be larger than or equal to three. An alternative procedure, following
another suggestion by Gonzalo and Granger (1995), is to test whether the
two common trends which drive the indices are cointegrated with the price
measure. The number of common trends which drive these three variables
coincides with that for the five variables of interest, the four indices and either
CPI or WPI. In our context, we prefer this second procedure, because it let
us keep the information contained in either CPI or WPI separate from that in
the commodity price indices. Note that an inference theory for this case has
not been developed yet, hence the critical values used are only approximate.
Yet, both procedures lead to the same result, so that we also use the latter
to check the conclusions of the former.

The results in Table 3 differ for CPI and WPI. For CPI the hypothesis of
rank two is accepted, which implies that one common trend drives the four
indices and CPI, so that there are two cointegration relationships among the
indices, and two relationships among them and CPI. For WPI only rank one is
accepted, which implies that there exists only one cointegration relationship
among the indices and WPI. These results are confirmed by the outcome of
the cointegration tests in the five variable VARs, which indicate rank equal
to four in the case of CPI, and to three for WPI.

As was noticed in the theoretical analysis for a particular scheme of
shocks, when the cointegration relationships involve several indices this out-
come is compatible with the lack of bivariate cointegration between the in-
dices and the price measures. Actually, this is what we find in bivariate
analyses with our data, which also seem to be affected by misspecification,
in particular parameter nonconstancy (thus providing a further reason for
adopting a multivariate framework).

For the cyclical movements, Figures 5 and 6 show the common cyclical
factor with inflation measured as rates of change in either the CPI or the
WPI. In both cases the factor tracks inflation fairly accurately, which sug-
gests that the former can be a valid forward indicator of the latter. More
evidence in this direction comes from Granger causality tests which show that
the common cyclical factor has the interesting feature of Granger-causing in-
flation measured both as CPI and WPI first differences (at 4, 8, 12 lags —
see Table 4), but it is not caused by inflation. This result is particularly en-
couraging, since the cyclical factor is obtained without referring to the target
variable.
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6 Concluding remarks

This paper has used the cointegration framework to decompose a wvector of
commodity indices into components that can subsequently be related to the
target variables, CPI and WPI.

It has been shown that the permanent components of the indices are
driven by two stochastic trends which are cointegrated with either CPI or
WPI (the indices and the prices are cointegrated). Previous findings of lack
of cointegration seem to be due to the consideration of a bivariate frame-
work. The fact that two stochastic trends and not just one drive the indices
casts also some doubts on previous empirical results on the Prebisch-Singer
hypothesis, even if our conclusions are in overall agreement with the pes-
simistic view that in the long-term real commodity prices tend to decline.

Most of the variability in the cyclical components of the indices can be
explained by just one common factor which is strongly related with inflation,
thus providing an interesting indicator of future price movements.
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7 Appendix - The Permanent-Transitory De-
composition

Formally, equation (2) can be also reparameterized to yield:
x; = X0 + C(1)6t + C(1 Zet]—l—C )ér, (3)

where C*(L) = (C(L) — C(1))/(1 — L), and C(L) is the matrix polynomial
in the lag operator L in the Wold representation for Ax;, namely,
Ax; = C(L)e,. (4)

>From C(1) = B, (o, ®8,)"" o/, where a; and B, are n x (n —r) and
satisfy o/, = 38 = 0, such that (e : ay) and (B : B,) are full rank n,
while @ is the mean-lag matrix, it follows that

n—r common trends

X, =xo+ 6t+3, (o, ®B,)" o) e + C(Le, . (5)
N = , transitory component

Vv
permanent component

(5) is the multivariate version of the Beveridge-Nelson decomposition of a
time series into its permanent and transitory components.®

The alternative representation suggested by Gonzalo and Granger (1995)
(see also Johansen (1995, p. 40)) is

n—r common trends r equilibria
o 6 ’ —1 / [ N / 1 /
X, =Xo + 648, (o, B)) axy + afa) Bxe . (6)
permanent component transitory component

The common trends in (6) are not pure random walks as in (5), even if their
. . ; t—1
I(1) component is also driven by o/, > ;=7 € ;.
Although the characterizations are theoretically different, for the problem
at hand there is little difference across decompositions, so that the results
obtained appear to be quite robust.

¥Notice that the possibility that x; is I(2) is ruled out by the fact that (o, ®3 ) is of
full rank.
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Table 1: Composition of 4 Commodity Price Indices

Index
Component CRBI GSCI WBI ECI

Energy 14.28 51.26 - -
Livestock 14.28 13.59 - 47.4
Crops 42.84 2538 53.2 -
Misc® 9.52 19.7 19.3

Base metals® 4.76  6.59 27.1 33.3
Precious metals 14.28  3.19 - -

a : For the CRBI this component includes orange and lumber juice; for the WBI it
includes agricultural nonfood items - cotton, jute, tobacco, and rubber.

b : The CRBI includes only copper; the GSCI includes aluminium, copper, zinc, nickel,
lead and tin; he WBI further includes phosphate rock and iron ore.

Table 2: Four Commodity Indices
Tests on the Cointegration Rank » — VAR(5) — 70Q1-93Q4

Rank Max(y;) 95% Trace  95%
r=0 3532 27.1 7191 472
r<1 224* 21.0 36.6™  29.7
r<2 10.62 141 14.2 15.4
r<3 3.58 3.8  3.58 3.8

The estimation sample period is 72Q1-93Q4.
* significant at 5% significance level
** significant at 1% significance level
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Table 3: Tests on the Cointegration Rank » 70Q1-93Q4

Two common trends and CPI - VAR(4)
Rank Max(y;) 95% Trace 95%

r=0 206 22.0 42.7%* 349
r<1 12.9 15.7 22.12* 20.0
r<2 9.2 9.3 9.2 9.3

Two common trends and WPI - VAR(2)
Rank Max(y;) 95% Trace 95%

r=0 30.7 22.0 45.2* 349
r<1l 87 15.7 14.5 20.0
r<2 5.8 93 538 9.3

The estimation sample period is 72Q1-93Q4.
* rejected at 5% significance level
** rejected at 1% significance level

Table 4: Common Cyclical Factor and Inflation
Granger Causality Tests

CPI
Lags Infl # CCF CCF = Infl
4 3.97** 2.96*
8 1.12 2.90*
12 0.64 2.46**
WPI
Lags Infl # CCF CCF = Infl
4 1.76 4.01**
8 1.79 4.19*
12 1.13 2.86"*

* rejected at 5% significance level
** rejected at 1% significance level
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