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Abstract

We show that a small number of commodity prices can explain a large fraction of the
volatility in bilateral real exchange rates between developed economies. We analyze the real
exchange rates between the United Sates and Germany, Japan and the United Kingdom.
We show that with up to six commodities we can explain between 50% and 80% of the
volatility of those three real exchange rates.
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1 Introduction

In this paper we show that a small number of commodity prices can explain a substantial

fraction of the movements in real exchange rates (RER) among industrialized countries. Specif-

ically, we study the behavior of the RER of Japan, the United Kingdom and Germany against

the United States for the 1980-2010 period. A rough summary of the results is that with at most

6 commodity prices, we can explain 50% of the volatility of the RER of the United Kingdom

and around 75% of the volatility of the RER of Germany and Japan.

We find these results remarkable, given the difficulty the literature has encountered to relate

RER movements across developed economies to fundamentals, as has been widely documented,

for example in Betts and Kehoe (2004) and Engel (1999). This is in contrast with the ability

of small open economy models of commodity producing countries, as shown in Chen and Rogoff

(2003) and more recently by Hevia and Nicolini (2013), which show how changes in the inter-

national price of the exportable commodity of a small open economy induces changes in the

corresponding RER. As we show, that same idea can go a long way in explaining movements in

RER among developed economies.

We spell out a totally standard model that makes explicit the production of commodities

and the use of commodities in the production of manufactures. In particular, we generalize the

model used in Hevia and Nicolini. Commodities are typically ignored in two-country models of

international trade. We guess this is because commodity production is associated to developing

economies. However, the numbers on commodity world trade are far from trivial: Total trade

in just a few commodities (less than 20) accounts for 20% of total world trade. This number

clearly underestimates the true share of commodities, since when aluminium is exported, it is

fully counted as a manufacturing good, while an important component of its cost depends on

the price of iron. The same happens when a car is exported.

The idea we exploit in the paper is very simple: fluctuations in the prices of commodities
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affect manufacturing costs, and therefore manufacturing prices, which in turn induce changes in

final good costs. These cost fluctuations translate in price fluctuations, at the country level. To

the extent that the law of one price holds for commodities, and if changes in commodity prices

have differential effects on the domestic cost of any two countries, commodity price changes will

affect the real exchange rate between those two countries. As we show when we describe the

model in Section 1, this is trivially true in theory. The relevant question is how important this

is quantitatively. This motivates the empirical analysis we describe in Section 2.

2 The Model

We consider a world with a finite number of countries, each one inhabited by a representa-

tive consumer. In each country, there are different varieties of labor, intermediate goods, and

commodities. In particular we assume that there are

j = 1, 2, ......, J types of labor

i = 1, 2, ......, N types of intermediate goods

h = 1, 2, ......, H types of commodities

where J ≥ N . We assume that there is at least the same number of labor varieties as

intermediate goods. If this is the case, all varieties will be produced in each country.1 If not,

some varieties (the ones with lowest values of TFP) will not be produced in some countries. This

simplifies some of the algebra below.2 We also assume that for each commodity, there is a fixed

factor that is used in production.

All technologies will be assumed Cobb-Douglas in all countries. Countries will differ in their

1Technically, this is only a necessary, but not a sufficient condition. What we need is that the cone for each
country is such that all varieties are produced in the countries we will be analyzing.

2We explain below how this matters and what happens if this is not the case.
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endowments and in their production function parameters, including total factor productivity

associated to each production function.

The fixed factors used in the production of commodities and the different varieties of labor

are non-traded. But intermediate goods and commodities are traded goods.

In what follows, we describe in detail preferences and the production structure of one of

the economies. To fix ideas, consider the economy whose currency is used for international

transactions - the United States in our empirical application. We now describe the environment

in this economy, without any specific supra-index. Those will be introduced afterwards, once we

consider more than a single country.

Preferences are given by

E0

∞∑
t=0

βtU(Ct)

where Ct represents consumption of a non-traded final good. This final consumption good

should be seen as an aggregate of a very large number of different varieties. We assume these

varieties are non-traded to make the model consistent with the overwhelming evidence of lack of

the law-of-one price in final goods. In this sense, the model below adopts the view of Burstein et.

el (2001), who argue that an important share of final good prices have a non-traded component.

There is also a cash-in-advance constrained of the form

PtCt ≤Mt.

Preferences can vary across countries, though they will be irrelevant in the discussion that follows.

All we exploit from the model comes from its production structure.

Production of all goods (final, intermediate, and commodities) involves inputs of all types

of labor. Labor for the production of each of them is aggregated from all varieties using Cobb-
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Douglas production functions. The total labor endowment of each varieties is equal to ej, which

can be country specific.

The final good is produced according to the technology

Ct = Yt = Zy
t

(
J∏
j=1

[nyt (j)]
ψy(j)

)α

(qt)
1−α

where 0 < α < 1 and
J∑
j=1

ψy(j) = 1. We let α to be country specific. The input qt is a domestic,

non-traded good produced using a finite number of traded intermediate goods according to the

production function

qt =
N∏
i=1

qt (i)ϕ(i) ,

where
N∑
i=1

ϕ(i) = 1. Again, the ϕ(i)′s can be country specific.

In each country, each variety of intermediate good i is produced using labor and a finite

number of commodities xt (h), where h = 1, 2, ..., H. The production function is

Qt (i) = zt (i)

(
J∏
j=1

[
nQt (j)

]ψQ(i,j)
)β ( N∏

h=1

[xt (h)]γ(i,h)
)1−β

where
∑N

h=1 γ (i, h) = 1 and
J∑
j=1

ψQ(i, j) = 1 for all i, and 0 < β < 1. We also let β, ψQ(j)

and γ (i, h) to be country specific.

Finally, in each country there is a technology to produce the commodities given by

Xh
t = Zh

t

(
J∏
j=1

[
nht (j)

]ψh(j)

)ηh

Et (h)1−ηh , for all h

where we can also let ηh, ψ
h(j) be country specific. Here, Et(h) is the amount of the endowment

that is used in the production of the commodity. As the endowment is not traded, as long as

Et(h) > 0, a positive amount of the commodity will be used. Naturally, if Et(h) = 0 for a
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particular country, production of that commodity will be zero and, as long as some is used in

the production of intermediate goods, it will be imported.

Examples: Chile produces copper and imports oil. We should do the decomposition for

Chile and see if what we estimate looks anything like what the input-output matrix implies.

Something similar could be done in Norway, though it is not clear which commodity do they

export.

2.1 Prices

Since there is perfect competition, prices will be equal to marginal costs. With Cobb-Douglas

production functions, marginal costs are Cobb-Douglas functions of factor prices. Thus, the price

level in the numeraire country will be

Pt =
κy

Zy
t

(
J∏
j=1

[Wt (j)]ψ
y(j))α(P q

t )1−α (1)

where κy is a constant that depends on the exponents in the Cobb-Douglas.

Similarly,

P q
t = κq

N∏
i=1

P q
t (i)ϕ(i) . (2)

The prices of the intermediate goods are

P q
t (i) =

κq(i)

zt(i)
[
J∏
j=1

[Wt(j)]
ψQ(i,j)]β[ΠN

h=1Pt(h)γ(i,h)]1−β. (3)

where again, κq and κq(i) depend on parameters of the production functions. Finally, the

prices of the commodities are

Pt(h) =
κh

Zh
t

(
J∏
j=1

[Wt(j)]
ψh(j)

)ηh

PE
t (h)1−ηh , for all h
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where PE
t (h) is the price of the fixed factor.

Taking natural logarithms in (1), (2) and (3) delivers

lnPt = ln
κy

Zy
t

+ α(
J∑
j=1

ψy(j) lnWt(j)) + (1− α) lnP q
t

lnP q
t = lnκq +

N∑
i=1

ϕ(i) lnP q
t (i)

lnP q
t (i) = ln

κq(i)

zt(i)
+ β[

J∑
j=1

ψQ(i, j) lnWt(j)] + (1− β)[
N∑
h=1

γ(i, h) lnP (h)t].

From these expressions it follows that

lnPt = ln
κy

Zy
t

+ α(
J∑
j=1

ψy(j) lnWt(j))

+(1− α)

(
lnκq +

N∑
i=1

ϕ(i)

[
ln
κq(i)

zt(i)
+ β[

J∑
j=1

ψQ(i, j) lnWt(j)] + (1− β)[
N∑
h=1

γ(i, h) lnP (h)t]

])

or

lnPt = lnκy + (1− α)

[
lnκq +

N∑
i=1

ϕy (i) lnκq(i)

]
−

(
lnZy

t + (1− α)
N∑
i=1

ϕ (i) ln zt (i)

)
(4)

+
J∑
j=1

lnWt(j)[αψ
y(j) + (1− α)β

N∑
i=1

ϕ(i)ψQ(i, j)]

+(1− α)(1− β)
N∑
h=1

lnP (h)t

N∑
i=1

ϕ(i)γ(i, h).

Summarizing, the log of the aggregate price level will be a log-linear function of some con-

stants, productivity shocks in final and intermediate goods on one hand, and prices (of com-
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modities and labor) on the other. Note that weights on all prices are non-negative, since they

are products of exponents in the production functions. Note also that they add up to one, since

J∑
j=1

[αψy(j) + (1− α)β
N∑
i=1

ϕ(i)ψQ(i, j)] + (1− α)(1− β)
N∑
h=1

N∑
i=1

ϕ(i)γ(i, h)

= [α + (1− α)β
N∑
i=1

ϕ(i)] + (1− α)(1− β)
N∑
i=1

ϕ(i)

= α + (1− α)β + (1− α)(1− β) = 1

As long as some commodity is produced in this economy, cost minimization in that industry

implies that

Wt(j̃) = P (h)tηhψ
h(j̃)Zh

t

 J∏
j=1,j 6=j̃

[
nht (j)

nht (j̃)

]ψh(j)
ηh−1(

Et(h)

n
h(j̃)
t

)1−ηh

for all j̃.

Therefore,

lnWt

(
j̃
)

= lnP (h)t + ln ηhψ
h
(
j̃
)
Zh
t + (ηh − 1)

∑
j=1,j 6=j̃

ψh(j) ln

[
nht (j)

nht (j̃)

]
+ (1− ηh) ln

(
Et(h)

nht (j̃)

)
(5)

which means that we can replace the log-wages on equation (4) above by a log-linear expres-

sion on commodity prices, productivity shocks in the commodities sector and quantities (how

different labor varieties are allocated in the production of commodities.

Clearly, (5) can be used to eliminate wages in (4) and leave the price level as a log-linear

function of constants, productivity shocks in all sectors and commodity prices, where the sum

of the coefficients in all commodity prices is equal to 1. By imposing the law of one price on

commodities, we can use that expression (and a similar one for a different country) to derive a

relationship between the real exchange rate and the commodity prices. The expression, however,
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is ugly and hard to interpret, so we now consider a simplified version, where these changes can

be seen clearly.

But before that, we want to discuss two caveats. The first is that one could also express

the price level as a log-linear function of the prices of intermediate goods. so why not stopping

there? The reason to replace one more layer in the input output matrix is that the universe of

commodities is very small, while the universe of intermediate goods is enormous. This notable

simplifies the empirical analysis. But in theory, there is no reason why not stopping at the

intermediate good level, given our assumption that intermediate goods are also traded.3 The

second is that we used equation (5) for a particular commodity, but not for other. Are there more

than one way to express costs of domestic final goods in terms of commodities? Not really, since

the quantities that show up in equation (5) do depend on the way the other commodity prices

move. Indeed, those quantities are correlated to commodity prices, as well as to productivity

shocks. Thus, commodity prices move local costs through the direct effect identified in equations

(4) and (5) and through the indirect effect they have on the allocation of resources.

2.2 A simple case

Assume single labor type and let the production function be

Ct = Yt = Zy
t (nyt )

α(qt)
1−α

where qt is a domestic, traded intermediate good that can be produced according to

Qt = zt[n
q
t ]
βn [xt]

βx [mt]
βm .

Assume in the numeraire country there is a technology to produce

3If one is more willing to assume the law of one price holds for commodities than for intermediate goods, then
reducing costs to commodity prices has an additional advantage.
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Xt = Zh
t [nxt ]

ηE1−η

where for simplicity we assume the endowment E is fixed. The commodity mt must be

imported. From the cost minimization conditions of the commodity sector, we have

Wt = P x
t ηZ

h
t

[
E

nxt

]1−η
so we can use this condition to express the wage as a function of commodity prices plus factor

reallocations in the final equation.

The Marginal cost of the final good can be expressed as

Pt =
κy

Zy
t

(Wt)
α(P q

t )1−α

but

P q
t =

κq

zt
[Wt]

βn [P x
t ]βx [Pm

t ]βm

so

Pt =
κy

Zy
t

(Wt)
α(
κq

zt
[Wt]

βn [P x
t ]βx [Pm

t ]βm)1−α

Taking logs

lnPt = ln
κy

Zy
t

+ (α + (1− α)βn) lnWt + (1− α)(ln
κq

zt
+ βx lnP x

t + βm lnPm
t )

but using the cost minimization condition derived above

lnPt = ln
κy

Zy
t

+(α+(1−α)βn)

[
lnP x

t + ln ηZh
t + (1− η) ln

[
E

nxt

]]
+(1−α)(ln

κq

zt
+βx lnP x

t +βm lnPm
t )
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or

lnPt = ln
κy

Zy
t

+ (1− α) ln
κq

zt
+ (α + (1− α)βn) ln ηZh

t + (α + (1− α)βn) (1− η) ln

[
E

nxt

]
+(1− α)βm lnPm

t + (α + (1− α)βn + (1− α)βx) lnP x
t

note that (1−α)βm+α+(1−α)βn+(1−α)βx = 1, so once we use the law of one price for the

two commodity prices, we get the nominal exchange rate on the right hand side and therefore a

nice expression for the real exchange rate.

In this case, we have on the right hand side commodity prices, productivity shocks and factor

allocations.

2.3 The real exchange rate

In general, then, we can write the solution for the price level in the US as

lnPUS
t = k − ZUS

t +
N∑
h=1

a
US

h lnPUS(h)t

where ZUS
t is a combination of productivity shocks and factor allocations, and were

N∑
h=1

a
US

h = 1

so we can use any one of those commodity prices and write all other relative to that one.

Similarly, for a different country we have

ln P̃t = k̃ − Z̃t +
N−1∑
h=1

ãh ln P̃t(h)

where prices are now relative to the one chosen as numeraire.
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Since commodities are traded, the law of one price implies

PUS
t (h)S̃t = P̃t(h),

where S̃t is the nominal exchange rate between the foreign country and the benchmark coun-

try.

Then, we can write

ln P̃t = k̃ − Z̃t +
N−1∑
h=1

ãh(lnP
US
t (h) + ln S̃t)

or

ln P̃t − lnSt = k̃ − Z̃t +
N−1∑
h=1

ãh lnP ∗t (h)

Taking the difference between the log prices in both countries, we thus obtain

lnP ∗t −
(

ln P̃t − ln S̃t

)
= k − Zt −

(
k̃ − Z̃t

)
+

N−1∑
h=1

aUSh lnP ∗t (h)−
N−1∑
h=1

ãh lnP ∗t (h)

or

ln
P ∗t St

P̃t
=
(
k − k̃

)
+

N−1∑
h=1

(
aUSh − ãh

)
lnP ∗t (h) +

(
Z̃t − Zt

)
(6)

This regression equation is used in the empirical section.

Note that commodity prices will affect the RER as long as
(
aUSh − ãh

)
6= 0. This may be the

case for one of two reasons: First, it could be that the parameters of the Cobb-Douglas produc-

tion functions differ across countries. Second, it could be that the endowment of commodities

differ across countries such that some commodities are produced in some countries but not in
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others. Clearly, one should expect the stochastic disturbance
(
Z̃t − Zt

)
to be correlated with the

commodity prices, so the estimates obtained would not be unbiased estimators of the parameters(
aUSh − ãh

)
. However, for the discussion of how much of the variance of RER can we account

with a few commodity prices, which is what we do in this paper, the correlation is irrelevant.

To match quantitatively the parameters
(
aUSh − ãh

)
, one would need very detailed information

on the output-input matrices of the two countries involved, information we do not have.4 Thus,

in our empirical section we propose a different strategy.

3 Empirical results

We use equation (6) for the empirical analysis. We first selected the 18 most traded com-

modities, so we have 17 relative prices. In appendix 1 we list all the commodities and explain the

data. All together, they account for close to 20% of total world trade, again, without taking into

account the share they account for in the cost of intermediate goods. We then run regressions

of real exchange rates on commodity prices, treating productivity shocks and the allocation of

resources as unobservables. We consider the bilateral real exchange rates between the US and

Germany (Mark until 2001, EURO since then), Japan, and the UK. We use quarterly data over

the period 1980:Q1 - 2010:Q12.

First, we run a regression of the RER on the 17 commodities and, for expositional reasons,

we picked the 6 commodities with the highest t-statistics. We then regressed the RER on only

those four commodities. The results are depicted in Table 1.

For the case of Germany (we used the mark till the year 2000 and then the Euro, that is the

reason why the Table’s legend indicates Europe rather than Germany) four commodity prices

are significative at the 1% level, the other two at the 5% and 10% levels. The R2 is over 3/4.

4The algebra does however indicate that the commodities that are produce in the two countries should have
a stronger weight - as it is clearly the case in the SOE literature in examples as Chile with copper and Norway
with oil. We are currently working on studying empirically those implications.
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Table 1: Real Exchange Rate and 6 Commodities

Europe UK Japan

copper 0.487∗∗∗ corn -0.126∗∗∗ copper 0.724∗∗∗

(0.000) (0.004) (0.000)

aluminium -0.379∗∗∗ silver 0.271∗∗∗ aluminium -0.737∗∗∗

(0.000) (0.000) (0.000)

corn -0.203∗∗∗ coffee (arabica) -0.175∗∗∗ platinum 0.543∗∗∗

(0.000) (0.000) (0.000)

rice 0.122∗∗ sugar 0.161∗∗∗ silver -0.620∗∗∗

(0.032) (0.000) (0.000)

sugar 0.081∗∗∗ aluminium 0.197∗∗∗ coffee (arabica) 0.482∗∗∗

(0.008) (0.002) (0.000)

platinum -0.075∗ gold -0.144∗∗ coffee (robusta) -0.400∗∗∗

(0.095) (0.023) (0.000)

R2 0.76 R2 0.49 R2 0.79

Note: p-values in parentheses.

Very similar results are obtained in the case of the UK, except that the R2 is sligthly below 1/2.

For Japan, all six prices are significative at the 1% level and the R2 is almost 4/5.

In Figures 1.a to 1.c, we show the RER for each of these two countries, together with the

value of the RER generated by the regressions showed in Table 1. The match is remarkably good

in all three cases.

One problem with the previous exercise is that commodity prices are highly correlated - in

appendix 1 we report the correlation. Thus, because of collinearity, t-statistics depend on the
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Figure 1: Real Exchange Rates and Fitted Values

(a) Europe (correlation = 0.87)
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inclusion of the other regressors, that are then eliminated in the new regression. Furthermore,

the high correlation among commodity prices suggests that there may be a few “common factors”

that drive most of the variation in commodity prices. In particular, if we let ft denote a low

dimensional vector, the underlying assumption is that

lnP ∗t (h) = bh + c′hft + uht for h = 1, 2, ..., H (7)

where the dimensionality of ft is smaller than H. Here, ch is a vector of “factor loadings”

and uht is a residual orthogonal to the factors ft. For the complete description of the empirical

model we would need to impose a stochastic process for the unobserved factors ft, for example,

a vector autoregression. Yet, for our purposes we do not need to go that far.

There are several methods to estimate the factors ft and the factor loadings ch. We use the so-

called “second generation dynamic factor model” whereby the factors are estimated using cross-

sectional averages with possibly different weights.5 Roughly speaking, the idea is to compute

for each time period a weighted cross-sectional average across commodities to obtain the space

spanned by the factors. We use the methodology of principal components, as described in Stock

and Watson (2011), to estimate both the unobserved factors ft and the factor loadings ch. The

methodology produces a set of orthogonal factors (as many as the number of commodities) which

can be ordered according to their contribution to the overall variance of the set of commodity

prices. Using a set of 17 monthly relative commodity prices for the period 1980:Q1 through

2010:q12, we found that just the first two factors explain about 70 percent of the variance of the

series. Six factors explain about 90 percent of the variance. These percentages increase if we

estimate the factors starting in the year 2000. A standard scree-plot suggests that using between

1 and 6 factors could be enough to describe the behavior of the 18 commodity series. Appendix

2 shows some details of the implementation of the factor model.

5See Stock and Watson (2011) for a survey on Dynamic Factor Models.
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The second experiment that we conducted is to run the regressions (6) using a small number

of factors instead of the individual commodities. We used the six factors that are most important

in explaining the overall variance of the set of commodity prices.

The results are depicted in Table 2.

Table 2: Real Exchange Rate and 6 Factors

Europe UK Japan

Factor 1 0.003 0.014∗∗∗ -0.067∗∗∗

(0.531) (0.002) (0.000)

Factor 2 0.047∗∗∗ 0.031∗∗∗ 0.118∗∗∗

(0.000) (0.000) (0.000)

Factor 3 -0.109∗∗∗ -0.033∗∗∗ -0.163∗∗∗

(0.000) (0.001) (0.000)

Factor 4 0.000 -0.006 0.028
(0.970) (0.579) (0.295)

Factor 5 0.012 0.006 -0.036
(0.351) (0.607) (0.229)

Factor 6 -0.060∗∗∗ 0.040∗∗∗ -0.214∗∗∗

(0.000) (0.005) (0.000)

R2 0.65 0.34 0.66

Note: p-values in parentheses.

The results are similar than before, except for the fact that factors 4 and 5 do not appear

as significant in any of the three regressions. This is consistent with our model: as long as

some commodities prices affect the cost of final goods prices in a symmetric fashion, the terms
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(
aUSh − ãh

)
in equation (6) are very close to zero. Still, with 4 or less significant factors, we can

explain 2/3 of the volatility for Germany and Japan, and 1/3 for the UK. It is interesting to

note, on the other hand that the RER with respect to the United Kingdom is the less volatile of

the three, as may become evident by inspecting the Figures 1.a to 1.c.

An advantage of the procedure followed in this exercise, relative to the one used above is that

the particular factors used are not picked using the criteria that they deliver a good fit with the

RER, as we did in Table 1. Indeed, one could argue that the list of commodity prices is long and

that it could be just luck that some of those series have a statistical relationship with the RER.

To further explore this issue we now report a third and final exercise. First, we divide the

period into three decades. We then run regressions for each RER on a set of N regressors, for

N = 4, 6 and 8, picking the N regressors from the 17 relative prices in order to maximize the R2

using only data for the first decade. This exercise then allows us to identify a few commodity

prices that were relevant to explain a given RER during the 80’s. As long as the input-output

matrix and the production structures of the two involved economies do not change much over the

following decade6, those few regressors should do a good job in explaining the real exchange in

the following decade. Thus, we now show the results of the regressions for the decades 1990-1999

and 2000-2010, where the N commodities for the 1990-2000 decade are the ones that maximize

the R2 in the 1980-1989 period, and the ones for the 2000-2010 decade are the ones that maximize

the R2 in the 1990-2000 period. The results are depicted in Table 3.

As it can be seen, with this methodology, we can explain around 40% of the volatility for

Japan and the UK and 80% of the volatility for Germany during the 90’s, while we can explain

between 60% and 80% of the volatility for the first decade of this century.

6This may be hard to believe in the three decades that had been characterized as the ”globalization” age,
with China and other emerging economies dramatically transforming world trade. This is one reason why we do
this exercise only one decade at a time.
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Table 3: Relevant Commodities from Previous Decade

1990-2000 2000 - 2001

Best 4 Best 6 Best 8 Best 4 Best 6 Best 8

Europe 0.72 0.79 0.80 0.77 0.72 0.84

UK 0.26 0.44 0.46 0.44 0.62 0.80

Japan 0.46 0.38 0.41 0.77 0.85 0.89

4 Concluding comments

In this paper we argue that commodity price fluctuations are an important source of volatility

in real exchange rates among developed economies. In particular, we study the bilateral exchange

rates between the United States, Japan, Germany and the United Kingdom.

Using a standard model that explicitly accounts for commodities, we derive a relationship

between real exchange rates on one hand and productivity shocks and commodity prices on the

other. Productivity shocks cannot be observed, but they can and have been widely estimated

using the Solow residual methodology. All measures available imply a volatility of productivity

shocks that is orders of magnitude lower than the one observed in commodity price shocks. One

could be naturally lead to think therefore that most of the volatility of RER should be accounted

by the more volatile component. In addition, one would expect that periods - say decades - with

lower commodity price volatility should therefore lead to periods with lower RER volatility. Is

it the case that the post Bretton-Woods period lead to more RER volatility because of the

prevailing free floating era or just because the turmoil that followed the oil price shock of the

seventies lead to higher commodity price volatility? Does it matter at which frequency do we
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measure the volatility? So far, we have presented the empirical analysis done treating the data

as it is. We are extending our data set to incorporate the period 1950 to 1980 and applying

alternative filtering techniques to explore these questions.

20



References

[1] Betts, C. M. and T. J. Kehoe ”U.S. Real Exchange Rate Fluctuations and Relative Price

Fluctuations”, Staff Report 334, Federal Reserve Bank of Minneapolis (2004).

[2] Burstein, Ariel T., Joao C. Neves and Sergio Rebelo. ”Distribution Costs And Real Ex-

change Rate Dynamics During Exchange-Rate-Based Stabilizations,” Journal of Monetary

Economics, 2003, v50, 1189-1214.

[3] Chen and Rogoff ”Commodity currencies”, Journal of International Economics.Volume : 60

(2003).

[4] Engel, C. ”Accounting for U.S. Real Exchange Rate Changes”, Journal of Political Econ-

omy.Volume : 107 (1999).

[5] Hevia and Nicolini. ”Optimal Devaluations”. IMF Economic Review, (2013).

[6] Stock, J.H. and M. W. Watson. (2011). “Dynamic Factor Models,” in M.P. Clements and D.F.

Hendry (eds.), The Oxford Handbook of Economic Forecasting, Oxford: Oxford University

Press.

21



A Appendix 1: Commodities

(1) Oil (Brent) - Source: Global Financial Data, Ticker: BRT D

(2) Oil (WTI) - Source: Global Financial Data, Ticker: WTC D

(3) Natural Gas - Source: Global Financial Data, Ticker: NG P WTD

(4) Gold - Source: Global Financial Data, Ticker: XAU D

(5) Silver - Source: Global Financial Data, Ticker: XAG HD

(6) Platinum - Source: Global Financial Data, Ticker: PL NYD

(7) Copper - Source: Global Financial Data, Ticker: CU NYD

(8) Aluminium - Source: Global Financial Data, Ticker: CMALSD

(9) Hog - Source: Global Financial Data, Ticker: IHXD

(10) Wheat - Source: Global Financial Data, Ticker: W USSD

(11) Corn - Source: Global Financial Data, Ticker: C US2D

(12) Rice - Source: Global Financial Data, Ticker: CMRICEUM

(13) Soybeans - Source: Global Financial Data, Ticker: SYB TD

(14) Coffee (arabica) - Source: Global Financial Data, Ticker: CMWCFAM

(15) Coffee (robusta) - Source: Global Financial Data, Ticker: CMWCFRM

(16) Sugar - Source: Global Financial Data, Ticker: SU1599D

(17) Cotton - Source: Global Financial Data, Ticker: COT AFRD

(18) Cattle (WTI) - Source: Global Financial Data, Ticker: ICXD
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B Appendix 2: factor model

We estimate the factor model using monthly data on the 17 commodity relative prices. We

assume that the price of commodity h = 1, 2, ..., H (H = 18) can be well represented by a factor

model of the form

P ∗t (h) = bh + c′hft + uht for h = 1, 2, ..., H

where ft is m×1 with m << H, and uht is a residual orthogonal with ft at all leads and lags.

The methodology used to estimate the space spanned by the factors is to compute cross-sectional

averages of the commodity prices.7 To implement the methodology it is convenient to work with

normalized data. For that reason let P̄t denote the vector of standardized commodity prices at

time t (demeaned and with unit variance). Then we can write the factor model as

P̄t = ΛFt + ut.

We construct the estimator of Ft as a weighted average of P̄t using an H ×m matrix W of

weights normalized so that W ′W/H = I such that

F̂t = H−1W ′P̄t.

The principal component estimator of Ft uses W = Λ̂, where Λ̂ is the matrix of eigenvectors

of the sample covariance matrix of P̄t associated its m largest eigenvalues.

The following table reports the percentage of the variance of the 18 commodity prices ex-

plained by the 10 most important factors

7Stock and Watson (2011) discuss the necessary conditions to consistently estimate the space spanned by the
factors.
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Component # Contribution Cumulative

1 48.8 48.8

2 20.4 69.3

3 7.1 76.4

4 4.6 81.0

5 4.0 85.0

6 3.5 88.5

7 2.6 91.1

8 2.4 93.4

9 1.5 94.9

10 1.4 96.3

The next three figures show the in-sample goodness of fit of the model (that is, P̂t(h) = ΛhF̂t)

for four arbitrary commodities (Oil Brent, Copper, Soybeans, and Gold) using just one factor

(m = 1), three factors (m = 3) and with six factors (m = 6).
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