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ABSTRACT

This paper shows that commodity price fluctuations, both current and expected,

explain a large portion of the volatility in the US/CAD exchange rate. Further-

more, this paper shows that a potential structural break occurred in 1998Q3 when

the Bank of Canada stopped systematically intervening in the foreign exchange rate

market resulting in a strengthening of the relationship between commodity prices

and movement in the real exchange rate. Empirically I find that over the period of

1998Q3-2012Q4 the real US/CAD exchange rate and non-energy commodity prices

have an elasticity of 0.99 and non-energy commodity price movement explains 20%

of the variance in the nominal exchange rate.
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Chapter 1

Introduction

This paper demonstrates the strong links between the US-Canadian exchange rate

and global commodity prices. More specifically it shows that for Canada, commodity

prices explain a large portion of the volatility in the real exchange rate and there-

fore Canada’s terms of trade. While commodity prices go a long way in explaining

movement in the real exchange rate, they are no deus ex machina. This paper delves

further into the relationship between commodity prices and foreign exchange rate

markets and shows that the nominal exchange rate has surprisingly robust forecast-

ing power over global commodity prices. While this duality between real exchange

rates and commodity prices appears counterintuitive at first glance, it underlines the

importance of understanding the links between a country’s exchange rate and its

economic fundamentals.

The purchasing power parity (PPP) puzzle famously articulated by Rogo↵ (1996)

still confounds many empirical studies that try to relate real exchange rates to their

macroeconomic fundamentals. Previous research in the exchange rate literature has

tried to incorporate non-linearities into models of exchange rate dynamics to solve the

PPP puzzle, but has had little success. Other research has noted that an exogenous

shock that is su�ciently volatile would go a long way in explaining the empirical

challenge (Rogo↵, 1996); however, they still fail to prove PPP holds. Considering

why we see consistent deviations from PPP, previous theoretical work shows that

monetary and financial shocks account for approximately 45% of the volatility in the

real exchange rate (Clarida and Gali, 1994), however this leaves much unexplained.

Given that monetary and financial shocks are often endogenously determined they

leave much to be desired in terms of empirically estimating exchange rate behavior

and are often hard to identify.
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The problem of proving that the law of one price holds over time has been partially

solved for small commodity exporting countries through showing that commodity

prices are a fundamental determinate of their exchange rates. By attributing real ex-

change rate fluctuations to volatile commodity prices, Chen and Rogo↵ (2003) explain

a significant portion of fluctuations in the real exchange rate for three commodity-

exporting OECD countries. They estimate an elasticity between small commodity

exporting open economies’ exchange rates and world commodity prices of 0.3 (Chen

and Rogo↵, 2003). In line with Chen and Rogo↵, this paper will use commodity price

movements to explain fluctuations in the real exchange rate.

One of the major challenges of estimating exchange rate movements is identify-

ing shocks that are both exogenous to the exchange rate but su�ciently volatile to

explain fluctuations in the real exchange rate. Thus for a small open economy such

as Canada’s, which is a large commodity exporter, exogenous commodity price fluc-

tuations have the ability to finesse the endogeneity problem of monetary or financial

shocks. Because primary commodities compose a large portion of Canadian exports,

fluctuations in commodity prices have the ability to explain a large portion of the

movement in Canada’s terms of trade. For Canada over the period 1972-2013, my

estimates of the elasticity between commodity prices and the real exchange rate range

from 0.22 to 0.99, further confirming that commodity prices are an important element

in exchange rate determination for Canada.

Parameter stability poses a significant problem for the validity of these results

given the large sample period. However, this paper finesses the problem of parameter

stability by identifying a definitive structural break that occurred in 1998Q3, when

the Bank of Canada stopped intervening in the foreign exchange rate market to

control movements in the US-Canadian exchange rate. Post-1998Q3, when Canada’s

exchange rate was truly determined by market forces, I see a significant strengthening

in the relationship between real commodity prices and the real exchange rate relative

to pre-1998Q3. Post-1998Q3, the elasticity between the US dollar real exchange

rate and commodity prices strengthens to between 0.33 and 0.99, providing further

evidence of the impact of commodity price fluctuations on Canada’s terms of trade.

The relationship between commodity prices and movement in the real exchange

rate is only one side of the story of Canada’s commodity currency. One can also

motivate, from the same underlying transmission mechanism, that exchange rates

are forward-looking variables that contain information about expected commodity

price movement. The success of exchange rates working in the opposite direction to
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improve accuracy in the forecasting of commodity prices stems from the fact that

exchange rates embody future movements in commodity markets which simple time

series models do not capture (Chen et al., 2010). When market participants foresee

commodity price shocks, they will anticipate the impact of these on a country’s future

export income and will accordingly price into the exchange rate the anticipated e↵ects

of future commodity price movements. This paper confirms that exchange rates have

significant forecasting power for commodity prices and shows that the opposite does

not hold. Exchange rate markets are more developed and regulated than commodity

markets. Thus, one can argue that exchange rate markets are a better barometer

of future conditions in comparison to commodity markets; hence the asymmetry in

forecasting power.

In the rest of the introduction I will review the literature on the specific issues of

commodity currencies and the present value approach to the nominal exchange rate

and introduce some of the theoretical and empirical rationale behind this work. Then

I will introduce the structural model that will help frame my empirical contribution

that real and nominal exchange rates depend not only on current commodity price

movement but also expected changes. Chapter 2 then goes into detail on the contem-

poraneous and long run relationship between commodity prices and the real exchange

rate and presents some empirical results. Chapter 3 presents the empirical validation

of the present value approach to the nominal exchange rate and further emphasis the

importance of commodity price movement on the US/CAD exchange rate.

Finally the last section of this paper provides a summary of the main results

and a unifying discussion regarding real exchange rate volatility and the commodity

price forecasting aspects of the paper. Understanding the impact of commodity price

fluctuations is important not only for speculators, but for both monetary policy and

inflation targeting regimes. If the relationship between commodity price fluctuations

and real exchange rates can be firmly established and understood, this can lead

to valuable lessons for emerging export-driven economies that are developing their

capital markets and adopting more flexible exchange rate regimes.

1.1 Background and Data Description

The idea that fluctuations in world commodity prices explain a large portion of

exchange rate dynamics has shown to hold for many small commodity exporting

economies around the world including Canada (Cashin et al., 2004). Canada is ide-
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ally suited to explore the relationship between commodity prices and exchange rates

for two reasons. First, Canada has a su�ciently long history of a floating market-

based exchange rate, in comparison to other countries that operate under a managed

exchange rate regime. Secondly, Canada has historically had a strong commodity

export sector. Both of these factors make Canada an ideal candidate to explore the

relationship between global commodity price movements and real exchange rates.

As shown in Table A.0.1 in Appendix A, Canada produces a large variety of

tradable commodities ranging from energy products like crude oil and natural gas,

to fisheries products such as salmon and lobster. Canada does not export enough of

any one of its tradable commodities to influence overall global prices1. Therefore, we

can say that global commodity price fluctuations are observable and can be thought

of as completely exogenous terms of trade shocks to Canada.

To test the relationship between commodity prices and the real exchange rate over

a prolonged period I used the quarterly US Canadian exchange rate from 1972Q1 to

2013Q3 and the Bank of Canada’s Fischer Commodity price index (BCPI) over the

same period. To construct the real exchange rates I pulled the US/CAD nominal

exchange rate and the relative US and Canadian consumer price indices (CPI) from

the IMF’s IFS database. Given that global commodity prices are listed in USD, the

real exchange rate is also in USD to allow comparability. While previous authors have

constructed their own commodity price indices using a trade weighted index, I adopted

the Bank of Canada’s Fischer Commodity Price Index which is compiled monthly

using production values as weights (Kolet and Macdonald, 2010).2 To determine the

impact of energy commodity prices on the real exchange rate, I employed the BCPI

excluding energy commodity price index, and the energy commodity price index. In

line with previous work by Chen and Rogo↵ (2003) I set the base year at 1991Q1.

Figure 1.1 provides a graphical description of data over the period 1972Q1-2013Q3.

In Figure 1.1, two features especially stand out in all of the panels. First, the

commodity price indices seem to mirror movements in the real exchange rate in both

1The caveat to this is that Canada exports 25% of the world’s Uranium, however detailed and
timely price and production data is not available

2The database for production weights comes from Statistics Canada. The Bank of Canada held
preliminary discussions considering the possibility of creating an export weight commodity price
index. While this would have been an interesting option, Canadian export data is not su�ciently
disaggregated, nor is there a complete set of data maintained by Statistics Canada. The Bank
of Canada also notes that results calculated using an approximate export weight index (using the
aggregate commodity categories) did not di↵er widely from those employing the production-based
approach.
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direction and magnitude, especially after the late 1990’s. This mirroring of direction

and magnitude is particularly prevalent in panel (b) of Figure 1.1, where the excluding

energy commodity price index and the real US/CAD exchange rate are plotted. In

contrast, panel (c) of Figure 1.1 shows that the energy commodity price index is

extremely volatile and does not appear to mirror movements in the real exchange

rate except after the late 1990’s. Secondly, commodity prices and the real exchange

rate appear to be highly persistent and possibly non-stationary which is an issue that

will be addressed later in section (2.1).

In the next two sections I provide further motivation and some structural mecha-

nisms as to how we can link commodity price fluctuations to terms of trade shocks and

how we can then link terms of trade shocks to real exchange rate fluctuations. In the

first section I provide background on the standard transmission channels from terms

of trade shocks to exchange rate appreciations such as the Harrod-Balassa-Samuelson

e↵ect (Balassa, 1964)(Samuelson, 1964) and the motivation for the link between com-

modity price movement and terms of trade shocks. While the link between terms

of trade shocks and exchange rate appreciation has been theoretically proven, when

empirically tested these theories rarely find robust support (Chen et al., 2010). In

this regard, it has been commented in the literature that if there was a su�ciently

volatile and exogenous shock to the terms of trade, this could go a long way in re-

solving the disconnect between the theory and empirical results (Froot and Rogo↵,

1996). Commodity currencies overcome these concerns as commodity prices provide

both an exogenous and volatile source of shocks to the terms of trade. Finally, in the

last section I will move beyond the standard transmission mechanisms of commodity

prices’ impact on terms of trade, and formalize how the exchange rate can be reflected

as a forward looking variable. While there have been several di↵erent explanations in

the literature regarding how we can formally think of the exchange rate as a forward

looking variable, or a present discounted value of its future fundamentals, I will focus

on an adaptation of the sticky price Dornbush model (Dornbusch, 1976).

1.2 Commodity Currencies

The term ‘commodity currency’ was initially coined by Chen and Rogo↵ (2003) and

describes floating exchange rates for small open economies that are large commodity

exporters. The key idea here is that the floating exchange rates co-move with global

commodity prices due to the countries’ heavy dependence on commodity exports.
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Even though Canada has a large and developed industrial base it still relies on primary

commodities for a large part of its exports. Canada dominates the world market for

forestry products, and in combination with crude oil and base metals these account

for over a quarter of Canada’s exports (Chen and Rogo↵, 2003). Given Canada’s long

history of having a floating exchange rate, the Canadian dollar has been identified as

a commodity currency (Chen, 2002), (Chen and Rogo↵, 2003), (Cashin et al., 2004),

and (Chen et al., 2010).

The fundamental theory of Purchasing Power Parity (PPP) states that if con-

verted into a common currency, the price levels of two di↵erent countries should be

equal (Rogo↵, 1996). With the idea of arbitrage in the goods market enforcing PPP,

this disarmingly simple proposition forms the basis of many open economy macroe-

conomic models. However, when we look at historical real exchange rate data we

observe consistent deviations from PPP. Rogo↵ (1996), in his comprehensive empiri-

cal paper on the subject, found that a shock to the real exchange rate dissipated at

approximately 15% per year. The real puzzle for the theory of PPP is how can we

reconcile the large volatility in the real exchange rate with the extremely slow rate of

shock dissipation.

There is mixed evidence about the determinants of the long run real exchange rate,

with the three possible explanations being sector productivity di↵erentials, fiscal pol-

icy di↵erences, and interest rate di↵erentials. However as Froot and Rogo↵ (1996)

showed in their comprehensive study of the exchange rate literature relating to PPP

and the law of one price, there are empirical problems in relating exchange rate be-

haviour to shocks in its macroeconomic fundamentals. From a theoretical perspective,

Clarida and Galli (1994) showed that monetary shocks a↵ecting both supply and de-

mand for real money balances explain a significant portion of the volatility in the real

exchange rate. However the di�culty comes in empirically testing such results since

both monetary variables such as money demand or interest rate di↵erentials between

countries can be viewed as endogenously or jointly determined with the exchange rate

(Chen et al., 2010). This endogeneity could be because monetary policy may respond

directly to exchange rate movement. For this reason, commodity price movements

working through the mechanism of sectoral productivity di↵erentials have the ability

to be exogenous and identifiable shocks to the terms of trade and hence the exchange

rate.
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1.2.1 Structural Model for Commodity Currencies

There are several mechanisms with which to think about the transmission of a com-

modity price shock into an exchange rate shock. The simplest and widely used model

that arose out of modeling persistent deviations from PPP is the traded versus non-

traded goods model of Balassa (1964) and Samuleson (1964), as used by Chen and

Rogo↵ (2003). By adapting o↵ of the work done by Obsfield et al (1996) this Harrod-

Balassa-Samuelson model serves the purpose of formally showing that commodity

price shocks transmit to real exchange rate shocks. The key idea here is that there

are two sectors in the economy, traded and non-traded. Input factors are completely

mobile and the traded sector produces a traded good (commodities) while the non-

traded sector produces a non-traded consumable. In this flexible price model we begin

with price levels (P) in local currencies for the traded (T) and non-traded (N) with

* indicating the foreign country,

P = P 1�✓

T

P ✓

N

P ⇤ = P ⇤ 1�✓

T

P ⇤ ✓

N

(1.1)

and ✓, a share parameter for the price index. By assumption, PPP is said to hold

in the traded sector of the economy, being enforced through arbitrage in the goods

market. Therefore we can model the exchange rate relationship in the tradables

market as,

EP ⇤
T

= P
T

(1.2)

where E is the nominal exchange rate. We can then take the previous equation

and combine it with the price indices given for this global economy, to create a real

exchange rate.

Q =
EP ⇤

P
(1.3)

Q =

✓
P ⇤
N

/P ⇤
T

P
N

/P
T

◆
✓

(1.4)

Therefore we can think of the real exchange rate as a ratio of foreign and domestic

price levels of non-traded and traded goods. To understand from where the persistent

deviations in the exchange rate arise, we need to model production in the economy.

In this simplified Balassa Samuleson model I will assume that prices are flexible,
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labour is the only factor input for production, and labour is completely mobile in the

economy leading to equality of wages. Production for both the foreign and domestic

economy is then given by,

Y
T

= A
T

F (L
T

) ; Y
N

= G(L
N

)

Y ⇤
T

= A⇤
T

F (L⇤
T

) ; Y ⇤
N

= G(L⇤
N

)

where A
T

and A⇤
T

are productivity parameters for the traded sector in the domestic

and foreign countries, respectively. In equilibrium, for both the foreign and domestic

economies, real wages will be equal to their marginal products of labour,

W
N

= P
N

W
T

= A
T

P
T

; W ⇤
N

= P ⇤
N

W ⇤
T

= A⇤
T

P ⇤
T

Given that wages by assumption will be equal we can then see that,

P
N

P
T

=
W

W/A
T

= A
T

;
P ⇤
N

P ⇤
T

=
W

W/A⇤
T

= A⇤
T

High A
T

, all else equal, means a high price of non-tradables and hence a ‘low’

value of the real exchange rate. In other words, high productivity in tradables means

a strong exchange rate (real and nominal) and a persistent deviation from PPP (Voss,

2014). Formalizing this relationship between price levels and productivity factors into

the real exchange rate equation, and then looking at growth levels, the real exchange

rate can be modelled as follows.

Q =

✓
A⇤

T

A
T

◆
✓

(1.5)

ln Q = ✓lnA⇤
T

� ✓lnA
T

(1.6)

d · q/q = ✓(dA⇤
T

/A⇤
T

� dA
T

/A
T

) (1.7)

Therefore it is relative productivity growth rates between countries that matter

for determining the real exchange rate (Obstfeld et al., 1996).

The key assumption in the interpretation of the Harrod-Balassa-Samuelson model

is that a shock to commodity prices (traded goods) can be interpreted as a productiv-
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ity shock. This productivity shock, as shown above, will cause a rise in wages in the

economy which in turn causes an increase in the relative prices of traded to non-traded

goods. This increase in relative prices will then increase the overall price level in the

economy and as a consequence we see appreciation of the real exchange rate. Through

this standard exchange rate model we can start to formalize the changeability of real

exchange rates depending on current commodity prices.

1.3 Present Value Approach

Moving from looking at long run fluctuations in the real exchange rate to fluctuations

in the short run, the forward-looking component of the nominal exchange rate starts

to play a significant explanatory role. The standard Harrod-Balassa-Samuleson model

provides a useful framework to conceptualize the long run link between commodity

price fluctuations and real exchange rate volatility, however it fails to take into account

anticipated movements in exchange rate fundamentals. The present discounted value

framework that initially arose from looking at the fundamentals of other asset classes

is the best starting place to conceptualize the nominal exchange rate as a forward

looking variable (Engel and West, 2005).

Engel and West (2005), following Cambell and Shiller (1988), were the first to

show that the nominal exchange rate reflects expectations of future changes in the

fundamentals and therefore exchange rates can be useful in forecasting movements in

these fundamentals. All four of these previous authors employed standard exchange

rate fundamentals such as interest rates, output, and money supplies to test the

present value approach to nominal exchange rates (Campbell and Shiller, 1988) (Engel

and West, 2005). Given that many of these variables are determined through policy

responses, using standard exchange rate fundamentals to test exchange rate theory

has been critiqued as being plagued with endogeneity issues. Using fundamentals

that may be set endogenously renders causal interpretation invalid and potentially

undermines the entire approach. To resolve the problem of fundamentals that are

endogenous to the nominal exchange rate Chen, Rogo↵, and Rossi (2010) employed

commodity prices as a fundamental, given that commodity prices are exogenously

determined from the exchange rate. Chen et al (2010) provide strong evidence in

favour of the present value approach to the nominal exchange rate and find that

the nominal exchange rate has surprising forecasting power over global commodity

prices. The key result of the present value approach is that commodity prices Granger-
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cause exchange rates in-sample, assuming one employs suitable methods to allow for

structural breaks. Viewing the nominal exchange rate as a forward looking variable

we can start to understand the true impact of commodity prices on the real exchange

rate and bridge the gap between theory and empirical results.

1.3.1 Dornbusch Meets Harrod-Balassa-Samuelson

There are several transmission channels that can formally motivate this present value

approach to the nominal exchange rate. To do so, we must move forward from the

flexible price world of Harrod-Balassa-Samuelson and introduce sticky prices. Using

the classic Dornbusch (1976) sticky price model in conjunction with the previously

elaborated Harrod-Balassa-Samuelson model we can show that the nominal exchange

rate depends not only on current commodity price movement but on expectations of

movement in the future fundamentals.

If we take a reduced form approach and model the sticky price Dornbusch (1976)

model with the inclusion of the Harrod-Balassa-Sameulson determination of the nom-

inal exchange rate, we can motivate the transmission channel of the impact of future

movements of exchange rate fundamentals on the current nominal exchange rate.

Following o↵ of Voss(2014) we can model the home and foreign economy as follows:

m
t

� p
t

= �⌘i
t+1 + �y

t

(1.8)

m⇤
t

� p⇤
t

= �⌘i⇤
t+1 + �y⇤

t

(1.9)

e
t

+ p⇤
t

� p
t

= ✓(µ⇤
t

� µ
t

) (1.10)

i
t+1 = i⇤

t+1 + e
t+1 � e

t

(1.11)

where m
t

and m⇤
t

are domestic and foreign money stocks; p
t

and p⇤
t

are domestic

and foreign price levels; i
t+1 and i⇤

t+1 are domestic and foreign nominal interest rates;

y
t

and y⇤
t

are domestic and foreign output; and e
t

is the nominal exchange rate.

The first two equations are money market equilibrium conditions for the domestic

and foreign money market: money demand in either country depends negatively upon

the opportunity cost of money, i, and positively on the level of income, y.

The third equation features the introduction of the Harrod-Balassa-Samuelson

e↵ect. Here the real exchange rate is a function of the productivity di↵erential: µ⇤
t

�µ
t

,

where µ
t

and µ⇤
t

are productivity measures for tradable goods in the domestic and
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foreign economies. Here, µ
t

and µ⇤
t

are equivalent to lnA⇤
T

and lnA
T

in the previous

section.

The fourth equation is the uncovered interest rate parity condition: the rate of

return on a domestic currency bond is equivalent to that on a foreign currency bond

once we account for expected change in the currency values, e
t+1 � e

t

.

By solving the system for e
t

, we can see how the nominal exchange rate depends

on the present value of its future fundamentals. First subtract equation (1.9) from

(1.8):

m
t

� p
t

� (m⇤
t

� p⇤
t

) = �⌘i
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t

) (1.12)

Re-organize,
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(1.17)

Since i
t+1 = i⇤

t+1 + e
t+1 � e

t

.

This first order di↵erence equation is solved in the usual fashion:

e
t

= m
t

�m⇤
t

+ ⌘(e
t+1 � e

t

) + �(y⇤
t

� y
t

) + q
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(1.19)

(1 + ⌘)e
t

= [m
t

�m⇤
t

+ �(y⇤
t

� y
t

) + q
t

] + ⌘e
t+1 (1.20)

(1 + ⌘)e
t

= f(m
t

,m⇤
t

, y⇤
t

, y
t

, q
t

) + ⌘e
t+1 (1.21)

e
t

=
1

1 + ⌘
f(m

t

,m⇤
t

, y⇤
t

, y
t

, q
t

) +
⌘

1 + ⌘
e
t+1 (1.22)

where the dependence of the fundamentals, f , on commodity prices through the

real exchange rate, q
t

, has been specified, i.e. f(x
t

).
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Of course, we are suppressing all of the other possible determinants of the funda-

mentals. It is through this simplification that we can start to isolate the impact of

future commodity prices on the nominal exchange rate. To see the link between com-

modity prices and the nominal exchange rate we can appeal to the idea that the real

exchange rate at any point in time will depend upon commodity prices in a similar

way that it depends upon productivity di↵erentials (Voss, 2014). The simplest mo-

tivation is to recognize that commodity price shocks are very much like productivity

shocks. Like productivity shocks, they alter the output per worker, but in this case by

altering the real value of output. I can then represent this as q
t

(x
t

), where x
t

denotes

commodity prices. So if we suppress all of the other fundamentals except commodity

prices, we can write forward and solve this di↵erence equation such that it depends

only on the present value of its future fundamentals: in this case, commodity prices.

e
t

= ae
t+1 + (1� a)f(x

t

)

= a
�
ae

t+2 + (1� a)f(x
t+1

�
+ (1� a)f(x

t

)

= a
�
a
�
ae

t+3 + (1� a)f(x
t+2)

�
+ (1� a)f(x

t+1)
�
+ (1� a)f(x

t

)

= a3e
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�
f(x

t

) + af(x
t+1) + a2f(x

t+2)
�

. . .

= (1� a)
�
f(x

t

) + af(x
t+1) + a2f(x

t+2) + . . . asf(x
t+s

) + . . .
�
+ lim

T!1
aT e

t+T
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1X

s=t

as�tf(x
s

) + lim
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aT e
t+T

= (1� a)
1X

s=t

as�tf(x
s

)

This solution for the nominal exchange rate is imbued with perfect foresight and

in reality there would be a great degree of uncertainty involved in the determination

of the nominal exchange rate using this mechanism. However we can now see how this

present value approach gives rise to the present value relation between the nominal

exchange rate and its future fundamentals3,

3Having set
lim

T!1
aT et+T = 0
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e
t

= (1� a)
1X

s=t

as�tf(x
s

) (1.23)

where a represents the deep parameters of the model. By looking at this equa-

tion we can now see how the nominal exchange rate, e
t

, should Granger-cause its

fundamentals, f(x
s

).

If the nominal exchange rate is related to its fundamentals in this present value

approach, the Granger causality should be unidirectional with the nominal exchange

rate Granger-causing its fundamentals and not vice versa. The intuition here regard-

ing why commodity prices shouldn’t predict nominal exchange rate movement is that

for commodity prices to be able to forecast future exchange rates, they must first have

the ability to forecast their own future values (Chen et al., 2010). For example, there

may be information in the commodity markets that can perfectly forecast commod-

ity price movements, such as population growth or rig counts, that are unknown to

econometricians but known by market participants. Therefore, if market participants

recognize that these factors (say, z
t

) cause a change in commodity prices (�x
t

), we

can say - using the present value approach to the nominal exchange rate - that x
t

will be of no use in forecasting e
t+1, but et will be useful in forecasting x

t+1 because

e
t

contains information about z
t+1. This constitutes the method by which Chen et

al (2010) proved empirically the forecasting power of nominal exchange rates. This

unidirectional approach incorporating the Granger causality is the method I use to

test the validity of the present value approach to the nominal exchange rate, and to

show how the short run fluctuations in the nominal exchange rate are dependent on

expectations of future fundamentals, as shown below in section (3.1).

which rules out explosive growth in the nominal exchange rate (it can’t grow at a rate greater than
a).



15

Chapter 2

Canada’s Commodity Currency

While establishing simple correlations between commodity prices and the real ex-

change rate seems like an appropriate place to start the empirical analysis, one cannot

escape the question of how to address the time series properties in the data. As shown

in Figure 1.1, to test the long run relationship between commodity prices and the real

exchange rate I used the quarterly US-Canadian real exchange rate from 1972Q1 to

2013Q3, and the Bank of Canada’s Fischer Commodity price index (BCPI) over the

same period. For the first part of my analysis testing the long run impact of com-

modity prices on the real exchange rate, I use a variety of time series models to try to

accurately capture the relationship between the two series while taking into account

the highly persistent and near unit root behaviour of the data. In the second part of

my empirical analysis, I shift focus to look at the short run variations in the nominal

exchange rate and use monthly data to validate the present value approach to the

exchange rate outlined above.

Given that 1972Q1-2013Q3 is a long period of time there is a worry that structural

breaks in either the commodity or foreign currency markets occurred during this

period. While previous authors have employed a variety of structural break tests,

ranging from Chow tests for pre-selected structural breaks or Hansen break tests for

structural breaks of unknown timing (Hansen, 1992), this concern raises issues about

the validity of the results. Instead of using a formal test for a structural break I

sub-sample my data into pre- and post-1998Q3, where I believe a structural break

occurred in the nominal, and thus the real, exchange rate.

While the external value of Canada’s dollar floats like most other major cur-

rencies and is determined by market forces, prior to 1998Q3 the Bank of Canada

systematically intervened in the exchange rate market to prevent short term distribu-
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tive movement in the Canadian dollar(BoC, 2012). In September 1998, the Bank of

Canada changed its policy of intervention in the foreign exchange rate market from

systematic to discretionary. This change occurred after a review of its exchange rate

policy and found that systematic intervention proved ine↵ective in resisting upward

or downward pressure on the exchange rate. This evidence of a possible structural

break is in accordance with the data, which show significant strengthening of the

relationship between commodity prices and the real exchange rate in the late 1990’s.

The vertical lines at 1998Q3 in Figure 2.1 graphically show this di↵erence in the rela-

tionship and indicate where I split my sample into two periods to empirically test the

long run impact of commodity price movement on the real exchange rate for Canada.

2.1 Time Series Analysis

Both commodity prices and the real exchange rate graphically exhibit a high level

of persistence and seem to be exhibiting near unit root behaviour. However, given

my relatively short sample period there are some questions about the validity of

unit root test results. While many studies provide support for the view that real

exchange rates do mean revert (possibly following nonlinear dynamics), others have

called into question the statistical validity of some of these conclusions.1 Engel (2000),

for example, states that rejection of the unit root null in long horizon real exchange

rate data may be the result of size distortions (Engel, 2000). One might also argue that

even though most real exchange rates appear to be stationary, commodity currencies

might be an exception if commodity prices themselves have unit roots (Chen and

Rogo↵, 2003).

Given that the debate on the validity of unit root testing over small sample periods

is far from settled, my empirical approach is to model both the real exchange rate

and the commodity prices with an underlying data generating process (DGP) of

both I(0) and I(1). While the correlation between the two series is given below in

section (2.2), I undertake an Elliot, Rothenburg, and Stock unit root test which has

a greater power over atypical unit root tests (Elliott et al., 1996). For all of the series

I fail to reject the null hypothesis of the presence of a unit root at all significance

levels, indicating that the appropriate DGP is I(1).2 Given that I find evidence

1Froot and Rogo↵’s (1996) survey of the literature concludes that the half-life of real exchange
rate shocks in linear models is roughly 3-4 years across a wide variety of historical data.

2As can be seen below the qualitative results between I(0) DGP and I(1) don’t di↵er drastically



17

Time

1980 1990 2000 2010

−
0

.4
0
.2

(1
9

9
2

Q
1

=
0
)

(a)

(log) Real Exchange Rate
(log). Real Comm. Price

Time

1980 1990 2000 2010

−
0
.4

0
.2

0
.8

(1
9
9
2
Q

1
=

0
)

(b)

(log) Real Exchange Rate
(log). Real Comm. Price

Time

1980 1990 2000 2010

−
0

.5
0
.5

(1
9
9
2
Q

1
=

0
)

(c)
(log) Real Exchange Rate
(log). Real Comm. Price

Figure 2.1: (a) US-Canadian real exchange rate and real total commodity price index;
(b) US-Canadian real exchange rate and non-energy commodity price index; (c) US-
Canadian real exchange rate and real energy commodity price index. 1972Q1-2013Q3
with potential structural break occurring in 1998Q3.
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that both series should be modelled as integrated processes, I test for cointegration

using a Philip and Oularis test for cointegration given that cointegrating vector is

estimated (Phillips and Ouliaris, 1990). While I fail to reject the null hypothesis of

no cointegration of the real exchange rate and the commodity price indices over the

entire sample period, I find weak evidence of cointegration for the excluding energy

commodity price index and the real exchange rate post-1998Q3.

2.2 Trends, serial correlations, and non-stationarity

By modeling the real exchange rate and commodity prices assuming I(0) DGP, I first

established simple correlations using OLS and then built up the models to correctly

take into account heteroskedasticity and autocorrelation present in the error terms.

Table 2.1 shows the elasticities between the non-energy commodity prices and the

real exchange rate prior to the potential structural break that occurred in 1998Q3.

Using Whites’ heteroskedastic robust standard errors to take into account the het-

eroskedasticity present in the error term, simple OLS establishes an elasticity of 0.37,

however when more structure is added to the model this relationship breaks down.

Given that the AR(1) term is highly significant and should be included in the model,

we can only infer that the relationship between non-energy commodity prices and the

US/CAD real exchange rate prior to 1998Q3 was relatively non-existent.

Table 2.2 shows the elasticity between the real exchange rate and the non-energy

commodity prices post-1998Q3, where the results change dramatically in two ways.

First, the elasticity between non-energy commodity prices and the real exchange rate

strengthens significantly for all of the I(0) models. Secondly, the elasticity becomes

statistically significant for the OLS + Trend and the AR(1) + Trend models. Given

that I find evidence to support having a trend and AR(1) term, with the exchange

rate exhibiting residual autocorrelation and a deterministic trend, we can conclude

that the elasticity between the non-energy commodity prices and the real exchange

rate is approximately 0.36. This gives evidence that, after 1998Q3, movement in the

non-energy commodity prices contributed to a significant amount of variation in the

real exchange rate.

When testing for the presence of a unit root using an Elliot, Rothenburg and Stock

test I fail to reject the null hypothesis of a unit root at all significance levels. Given

and thus we can infer similar conclusions even if there is some uncertainty about the validity of unit
root testing over a small period.
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Table 2.1: I(0) Estimates of US/CAD Real Exchange Rate and Real Non-Energy
Commodity Price Elasticities (1972Q1-1998Q3)

OLS OLS + Trend AR(1) + Trend

Intercept �0.13⇤⇤⇤ �0.01 0.04
(0.17) (0.18) (0.07)

Real Non-Energy Commodity Prices 0.24⇤⇤⇤ 0.09 0.05
(0.37) (0.43) (0.05)

Trend �0.01⇤⇤⇤ �0.01⇤⇤

(0.01) (0.00)
AR(1) 0.96⇤⇤⇤

(0.03)

R2 0.40 0.44
Adj. R2 0.40 0.43
Num. obs. 106 106
***

p < 0.01, **

p < 0.05, *

p < 0.1

that all of the series exhibit near unit root behaviour, inferences from the I(0) elasticity

results may be invalid. Tables 2.3 and 2.4 shows the results using a DGP of I(1) over

the same period as for the I(0) results for the non-energy commodity price index.

Here I model the series both in terms of a cointegrating relationship using Dynamic

OLS3 and OLS in first di↵erences to avoid the chance of a spurious relationship. To

test for the presence of cointegration in both sample periods I undertook a Phillip

and Oularis test for cointegration and found evidence of a cointegrating relationship

at only a 10% significance level for the non-energy commodity prices and the real

exchange rate post-1998Q3. Therefore, barring conflicting views of the validity of

unit root and conitegrating tests over a short sample period, only the DOLS results

for the period 1998Q3-2013Q3 are valid.

Moving from the period before 1998Q3 to post-1998Q3, there is a significant

strengthening in the relationship between non-energy commodity prices and the real

US/CAD exchange rate. Using the model of OLS in first di↵erences we can see rel-

atively little impact of commodity prices on the long run fluctuations in the real

exchange rate pre-1998Q3, however, post-1998Q3 the relationship between the two

variables changed dramatically with elasticity increasing to 0.99. This one-for-one

3In my DOLS estimation I used 12 leads and lags to absorb any residual autocorrelation that
may be present. These leads and lags are not presented in Tables 2.3 and 2.4 for clarity.
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Table 2.2: I(0) Estimates of US/CAD Real Exchange Rate and Real Non-Energy
Commodity Price Elasticities (1998Q3-2013Q3)

OLS OLS + Trend AR(1) + Trend

Intercept �0.08⇤⇤⇤ �0.23⇤⇤⇤ �0.26⇤⇤⇤

(0.02) (0.04) (0.04)
Real Non Energy Commodity Prices 0.88⇤⇤⇤ 0.50⇤⇤⇤ 0.36⇤⇤⇤

(0.09) (0.12) (0.09)
Trend 0.02⇤⇤⇤ 0.02⇤⇤⇤

(0.00) (0.00)
AR(1) 0.72⇤⇤⇤

(0.09)

R2 0.82 0.90
Adj. R2 0.82 0.90
Num. obs. 61 61
***

p < 0.01, **

p < 0.05, *

p < 0.1

movement between the real exchange rate and commodity prices shows two things

of interest.4 First, it shows further evidence for the possible structural break that

occurred when the Bank of Canada stopped systematically intervening in the for-

eign exchange rate market and let market forces prevail. Secondly, it reinforces the

hypothesis that persistent deviations in the US/CAD real exchange rate can be at-

tributed to fluctuations in commodity prices. While this elasticity shows that the real

4For clarification of inference, given that we are working in logarithms a 1% increase in the
non-energy commodity price index causes a 1% increase in the real US/CAD exchange rate.

Table 2.3: I(1) Estimation of US/CAD Real Exchange Rate and Non-Energy Com-
modity Price Elasticities (1972Q1-1998Q3)

Cointegration: Dynamic OLS No cointegration 1st di↵erencing

Intercept �0.12⇤⇤⇤ 0.00
(0.01) (0.00)

Real Non-Energy BCPI 0.22⇤⇤⇤ 0.04
(0.03) (0.05)

Adj. R2 0.29 0.01
Num. obs. 97 105
***

p < 0.01, **

p < 0.05, *

p < 0.1
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Table 2.4: I(1) Estimation of US/CAD Real Exchange Rate and Non-Energy Com-
modity Price Elasticities (1998Q3-2013Q3)

Cointegration: Dynamic OLS No cointegration 1st di↵erencing

Intercept �0.07⇤⇤⇤ 0.00
(0.01) (0.00)

Real Non-Energy BCPI 0.99⇤⇤⇤ 0.29⇤⇤⇤

(0.04) (0.09)

Adj. R2 0.93 0.13
Num. obs. 52 60
***

p < 0.01, **

p < 0.05, *

p < 0.1

exchange rate co-moves with commodity prices at a rate which is almost one-for-one,

this result cannot provide any insight as to how much real exchange rate volatility

can actually be attributed to changes in commodity prices. Section (3.1) further

analyses the estimated impact of both contemporaneous and future commodity price

movement on the nominal exchange rate and hence the real exchange rate.
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Chapter 3

Are Exchange Rates Forward

Looking?

In this section, I discuss and present the present value approach to the nominal

exchange rate, using the structural model presented above, that shows the relation

between the nominal exchange rate and its future fundamentals. As shown in the pre-

vious section the relationship between the real exchange rate and current commodity

prices fluctuations strengthened significantly in the period of 1998Q3 to 2013Q3,

therefore, the present value analysis is evaluated over this same period. I will test

the present value approach using the following Dornbusch-Harrod-Balassa-Samuelson

model derived above using a Vector Autoregression approach.

e
t

= (1� a)
1X

s=t

as�tf(x
s

) (3.1)

I use the nominal monthly exchange rate in line with previous work by Chen et

al (2010) given that monthly data is measured at a higher accuracy and the added

frequency gives power for testing the forecasting accuracy of the present value frame-

work.

To validate that short run fluctuations in the nominal exchange rate are dependent

on the fluctuations in future commodity prices, I follow the Toda and Yamamotto

(1995) approach for testing for Granger causality between the two variables. Standard

unit root tests fail to reject the null hypothesis of a unit root for both series over the

period, however, using a Phillip and Oularis test for cointegration I find evidence of a
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cointegrating relationship between the two series.1 In addition to testing for Granger

causality to validate the present value approach, I test the forecasting accuracy of

nominal exchange rates over commodity prices both in and out of sample. The ability

of the nominal exchange rate to accurately forecast commodity prices further shows

that the nominal exchange rate embodies information about future commodity price

fluctuations.

Through testing for dynamic Granger causality and then forecasting using a VAR I

find that the forecasting power holds in sample but fails to outperform a random walk

out of sample. Using the period of 1998Q3 to 2012Q4 as the in-sample training data I

forecast commodity price movements for the year of 2013. The VAR approach, unlike

the previous bivariate time series analysis, allows for the analysis of the variance of the

nominal exchange rate through a forecast error variance decomposition to determine

the contribution of commodity price variance to nominal exchange rate variance.

3.1 Nominal Exchange Rates Granger Cause Com-

modity Prices

The present value approach to nominal exchange rate determination implies that the

nominal exchange rate Granger causes its fundamentals. In other words, and ignoring

parameter stability, we should reject the null hypothesis of �0 = �1 = · · · = �7 = 0 in

regression 3.2 shown below. Given that the data is non-stationary but cointegrated

the Wald test used in the typical Granger causality approach does not follow its usual

asymptotic chi-squared distribution. To compensate for this I followed the Toda and

Yamamotto (1995) approach to testing for Granger causality that allows for proper

inference from the Wald tests.2 To account for the persistence in the data, lags for

both the nominal exchange rate and commodity prices are included in the regressions.

1While both models have an I(1) underlying DGP and are cointegrated I use a VAR forecasting
approach making the standard errors in the VAR model invalid for use in inference. However given
that I only use the VAR framework for evaluating the forecasting ability of the nominal exchange
rate over commodity prices the VAR approach is su�cient.

2The Toda and Yamamotto (1995) approach is to specify a VAR in levels with an additional
regressor given the data is I(1) but then when testing for Granger causality using a Wald test with
p degrees of freedom the additional regressor isn’t included in the test(Toda and Yamamoto, 1995)
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Table 3.1: Bivariate Granger Causality Tests

Total Commodity Price Index (BCPI) BCPI Excluding Energy Energy BCPI

p-values of : Equation 3.2
0.01⇤⇤⇤ 0.01⇤⇤⇤ 0.01⇤⇤⇤

p-values of : Equation 3.3
0.75 0.71 0.59

These are the p-values from a Wald test with 7 degrees of freedom. Equation 3.2 is the where the null hypothesis is that the nominal

exchange rate does not granger cause log BCPI, and Equation 3.3 is where the null is that log BCPI does not granger cause exchange

rate. *** p < 0.01 , ** p < 0.05, * p < 0.1.

H
o

: �0 = �1 = · · · = �7 = 0 in cp
t+1 = �0 +

7X

i=1

�
i

s
t�i+1 + �8cpt (3.2)

H
o

: �0 = �1 = · · · = �7 = 0 in s
t+1 = �0 +

7X

i=1

�
i

cp
t�i+1 + �8st (3.3)

Table 3.1 shows the p-values for the bi-directional Granger causality tests and

gives evidence at a 1% significance level that nominal exchange rates Granger cause

commodity prices while the converse is not true. This uni-directional Granger causal-

ity confirms the validity of the present value framework for nominal exchange rates

and shows that the nominal exchange rate is in part determined by its future funda-

mentals. These results for the simple bivariate Granger causality tests are supported

by Chen et al (2010) that find evidence that the US/CAD nominal exchange rate

Granger-cause commodity prices. The Rossi approach to structural break robust

tests for granger causality employed by Chen et al (2010) has lesser power than sim-

ple bivariate test I employed here. Therefore, given that the data is subsampled

to take into account a possible structural break in 1998Q3, the results that nominal

exchange rates Granger-cause their fundamentals are stronger than Chen et al (2010).

Given that nominal exchange rates Granger cause commodity prices in-sample, I

specified a VAR(12) model for exchange rates and commodity prices to test in sample

predictiveness. The VAR(12) model was specified with 12 lags to take into account

serial correlation that was present in the data and allows for the identification of two

important relationships. First, I can test the fit of the VAR(12) against the actual

commodity prices to see how well the model predicts in-sample. Secondly, the in-

sample VAR allows me to breakdown the variance in the nominal exchange rate and

determine the contribution of commodity price fluctuations to the variance in the
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Figure 3.1: Fitted non-energy commodities and actual non-energy commodity price
index from VAR(12) model for non-energy commodity price index and US/CAD
exchange rate (1998Q3-2012Q4)

nominal exchange rate.

Figure 3.1 shows the in-sample fit of the non-energy commodity price index from

the VAR(12) against the actual non-energy commodity price index over the period of

1998Q3-2012Q4. As further conformation to the Granger causality results above, the

non-energy commodity price index as predicted from present value approach follows

the data closely in both magnitude and direction. The same is true for the total

commodity price index which is shown in Appendix A3. The important conclusion

to draw from the in-sample VAR(12) model is further evidence that the nominal

exchange rate depends on future fundamentals, more specifically that the US/CAD

exchange rate is influenced by future commodity price movement.

To accurately determine the impact of commodity price movement on the nominal

exchange rate I extracted the forecast error variance decomposition for both commod-

ity prices and the nominal exchange rate. The forecast error variance decomposition

is based upon the orthogonalised impulse response coe�cient matrices and allows one

3The VAR(12) model fails to generate an accurate in-sample prediction for the Energy Com-
modity price index and provides no support for the hypothesis that nominal exchange rates have
forecasting power over the energy commodity price index. The in-sample fit of the energy commodity
price index is shown in Appendix A
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to analyze the contribution of variable j to the h-step forecast error variance of vari-

able k (Hamilton, 1994). In other words it allows the decomposition of the in-sample

fluctuations around a deterministic trend and allows us to establish the contribution

of each variable volatility to the other variables variance. In this case, the forecast

error variance decomposition allows me to determine the contribution of commodity

price fluctuations to the nominal exchange rate variance.

Figure 3.2 shows the forecast error variance decomposition from the VAR(12)

model of the total commodity price index and nominal US/CAD exchange rate for

two years based o↵ of the in-sample data of 1998Q3-2012Q4. The second panel of

Figure 3.2 shows the decomposition of the variance of the nominal exchange rate and

shows that on average that the total commodity price index contributes about 20%

of the variance of the nominal exchange rate. The rest of the variance in the nominal

exchange rate can be attributed to movement in other fundamentals not analyzed

here and the autoregressive nature of the nominal exchange rate. When looking at

amount the contribution of the variance in the non-energy commodity price index to

the US/CAD exchange rate similar conclusions can be drawn4.

3.2 Out of Sample Forecasting Power of Nominal

Exchange Rates

I now ask wether the in-sample Granger causality translates into out of sample fore-

casting success. Using the specified VAR(12) with the data in levels I forecasted 12

steps ahead and then compared it over a random walk model that was estimated over

the same time period. The random walk model is used a benchmark in the exchange

rate and commodity forecasting literature due to the fact the historically structural

models have failed to beat a random walk Meese and Rogo↵ (1983). In comparison

to Chen et al (2010) I do not use rolling forecasts for my out of sample prediction as

I make the assumption of no structural breaks occurring during my in-sample period.

Figures 3.3 and 3.4 shows the out of sample forecasts for the total commodity price

index and the non-energy commodity price index versus the actual data over the year

of 2013.

The out of sample forecasts for commodity prices fail to adequately capture both

4The forecast error variance decomposition for the non-energy commodity price index and energy
price index contribution to the nominal exchange rate is given in Appendix A.
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Figure 3.2: Forecast error variance decomposition from VAR(12) model of the total
commodity price index and US/CAD exchange rate (1998Q3-2012Q4)
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Figure 3.3: Out of sample forecasts of total commodity price index using VAR(12) of
US/CAD exchange rate and total commodity prices (2013Q1-2013Q4)

Table 3.2: Out of sample RMSFE for one year ahead monthly forecasts from VAR(12)
(2013Q1-2013Q4)

Total Commodity Prices (BCPI) BCPI Excluding Energy Energy BCPI
VAR(12) 0.11 0.20 0.03
Random Walk 0.042 0.11 0.59

the direction and the magnitude of the price variance in the data over the period of

2013. The total commodity price index forecasts o↵er a more accurate prediction over

the non-energy commodity price forecasts, however both fail to show strong evidence

of out of sample forecasting power of the nominal exchange rates. To clearly show

the shortcoming of the out of sample forecasting for commodity prices, I compared

the root mean squared forecast errors (RMSFE) for the VAR(12) and random walk

forecasts estimated over the same out of sample period.

The results for the RMSFE are given in Table 3.2 and shows that a random walk

is more accurate out of sample than the forecasts from my VAR(12) model. The

failure of the present value approach to the nominal exchange rate to predict out

of sample commodity prices is in line with Chen et al (2010) who also find that

empirically foresting commodity prices using nominal exchange rates proves di�cult.
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While they have greater success in forecasting world commodity price movements

using a combination of nominal commodity currency exchange rates, they note that

for Canada their present value model fails to beat a random walk benchmark. The

shortcomings of the out of sample forecasts of commodity prices are by no means a

nail in the co�n of the present value approach to the nominal exchange rate, but

further underly the di�culties and complexities involved in forecasting commodity

prices.
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Chapter 4

Conclusions

This paper focuses on the structural link between exchange rates and commodity

prices through the terms-of-trade e↵ects, and empirically investigates the resulting

dynamic relationship between commodity price movements and exchange rate fluc-

tuations. After taking into account the possibility of a structural break occurring in

1998Q3 I find that commodity prices explain a significant portion of the variation

in the nominal exchange rate and hence the real exchange rate. Over the period of

1998Q3 - 2012Q4 I established that commodity price fluctuations, both current and

expected fluctuations, explained approximately 20% of the variation in the nominal

US/CAD exchange rate. While this result goes a long way in resolving the purchasing

power parity puzzle, commodity prices are no silver bullet.

More importantly, this paper shows that the link between commodity prices and

their power in explaining movements in the real exchange rate has strengthened signif-

icantly over the past decade. With the real exchange rate moving almost one-for-one

with the non-energy commodity price index, the Canadian dollar as become inex-

tricably tied to the world commodity price movement. As this paper showed, the

Canadian dollar is not only directly e↵ected by movements in its export commodity

prices but by the expected movement in these prices. Given that commodity price

shocks are completely exogenous and easily identifiable these results are robust to

criticisms of endogeniety and improper inference. For these reasons I conclude that

for commodity dependent countries, commodity price movements have the ability to

bridge the gap between empirical exchange rate results and the theory behind them.
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Appendix A

Additional Information

A.0.1 Bank of Canada Commodity Price Index
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A.0.2 Time Series analysis full results

The following tables are the full results for the time series analysis of the long run

relationship between commodity prices and the US/CAD real exchange rate. Tables

A1-A6 present pre-1998Q3 results for the elasticities between the Bank of Canada

total commodity price index, the excluding commodity price index, and the energy

commodity price index with the real US/CAD exchange rate. Included in Tables

A1-A6 are the results from the bivariate time series models that are modelled under

stationary or non-stationary underlying data generating processes. Tables A7-A12

present the the same models as A1-A6 but from 1998Q3-2013Q3.

Figures A1 and A2 show the fit of the in sample total commodity price index

and the energy commodity price index from each of their respective VAR(12) models

with the nominal US/CAD exchange rate. Finally Figure A3 shows the forecast error

variance decomposition for the non-energy commodity price and nominal US/CAD

VAR(12) model and Figure A4 shows the VAR(12) model using the energy commodity

price index.
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Table A.1: I(0) Estimates of US/CAD Real Exchange Rate and Real Commodity
Price Elasticities (1972Q1-1998Q3)

OLS OLS + Trend AR(1) + Trend

Intercept �0.11⇤⇤⇤ 0.15⇤⇤⇤ 0.06
(0.29) (0.28) (0.07)

Real Commodity Prices 0.19⇤⇤⇤ �0.14⇤⇤ 0.01
(0.81) (0.62) (0.06)

Trend �0.01⇤⇤⇤ �0.01⇤⇤⇤

(0.00) (0.00)
AR(1) 0.96⇤⇤⇤

(0.03)

R2 0.24 0.46
Adj. R2 0.24 0.45
Num. obs. 106 106
***

p < 0.01, **

p < 0.05, *

p < 0.1

Table A.2: I(0) Estimates of US/CAD Real Exchange Rate and Real Non Energy
Commodity Price Elasticities (1972Q1-1998Q3)

OLS OLS + Trend AR(1) + Trend

Intercept �0.13⇤⇤⇤ �0.01 0.04
(0.17) (0.18) (0.07)

Non Energy RBCPI 0.24⇤⇤⇤ 0.09 0.05
(0.37) (0.43) (0.05)

Trend �0.01⇤⇤⇤ �0.01⇤⇤

(0.01) (0.00)
AR(1) 0.96⇤⇤⇤

(0.03)

R2 0.40 0.44
Adj. R2 0.40 0.43
Num. obs. 106 106
***

p < 0.01, **

p < 0.05, *

p < 0.1
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Table A.3: I(0) Estimates of US/CAD Real Exchange Rate and Real Energy Com-
modity Price Elasticities (1972Q1-1998Q3)

OLS OLS + Trend AR(1) + Trend

Intercept �0.06⇤⇤⇤ 0.09⇤⇤⇤ 0.07
(0.18) (0.13) (0.06)

Energy RBCPI 0.00 �0.07⇤⇤⇤ �0.02
(0.27) (0.22) (0.02)

Trend �0.01⇤⇤⇤ �0.01⇤⇤⇤

(0.03) (0.00)
AR(1) 0.96⇤⇤⇤

(0.03)

R2 0.00 0.49
Adj. R2 �0.01 0.48
Num. obs. 106 106
***

p < 0.01, **

p < 0.05, *

p < 0.1

Table A.4: I(1) Estimation of US/CAD Real Exchange Rate and Commodity Price
Elasticities (1972Q1-1998Q3)

Cointegration: Dynamic OLS No cointegration 1st di↵erencing

Intercept �0.10⇤⇤⇤ 0.00
(0.01) (0.00)

Real Commodity Prices 0.15⇤⇤⇤ 0.01
(0.04) (0.06)

Adj. R2 0.13 0.01
Num. obs. 97 105
***

p < 0.01, **

p < 0.05, *

p < 0.1
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Table A.5: I(1) Estimation of US/CAD Real Exchange Rate and Non Energy Com-
modity Price Elasticities (1972Q1-1998Q3)

Cointegration: Dynamic OLS No cointegration 1st di↵erencing

Intercept �0.12⇤⇤⇤ 0.00
(0.01) (0.00)

Non Energy RBCPI 0.22⇤⇤⇤ 0.04
(0.03) (0.05)

Adj. R2 0.29 0.01
Num. obs. 97 105
***

p < 0.01, **

p < 0.05, *

p < 0.1

Table A.6: I(1) Estimation of US/CAD Real Exchange Rate and Energy Commodity
Price Elasticities (1972Q1-1998Q3)

Cointegration: Dynamic OLS No cointegration 1st di↵erencing

Intercept �0.06⇤⇤⇤ 0.00
(0.01) (0.00)

Energy RBCPI 0.00 �0.02
(0.02) (0.03)

Adj. R2 0.13 0.01
Num. obs. 97 105
***

p < 0.01, **

p < 0.05, *

p < 0.1
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Table A.7: I(0) Estimates of US/CAD Real Exchange Rate and Real Commodity
Price Elasticities (1998Q3-2013Q3)

OLS OLS + Trend AR(1) + Trend

Intercept �0.22⇤⇤⇤ �0.31⇤⇤⇤ �0.30⇤⇤⇤

(0.03) (0.05) (0.03)
Real Commodity Prices 0.53⇤⇤⇤ 0.31⇤⇤⇤ 0.26⇤⇤⇤

(0.08) (0.08) (0.05)
Trend 0.02⇤⇤⇤ 0.02⇤⇤⇤

(0.01) (0.00)
AR(1) 0.76⇤⇤⇤

(0.09)

R2 0.83 0.90
Adj. R2 0.82 0.90
Num. obs. 61 61
***

p < 0.01, **

p < 0.05, *

p < 0.1

Table A.8: I(0) Estimates of US/CAD Real Exchange Rate and Real Non Energy
Commodity Price Elasticities (1998Q3-2013Q3)

OLS OLS + Trend AR(1) + Trend

Intercept �0.08⇤⇤⇤ �0.23⇤⇤⇤ �0.26⇤⇤⇤

(0.02) (0.04) (0.04)
Non Energy RBCPI 0.88⇤⇤⇤ 0.50⇤⇤⇤ 0.36⇤⇤⇤

(0.09) (0.12) (0.09)
Trend 0.02⇤⇤⇤ 0.02⇤⇤⇤

(0.00) (0.00)
AR(1) 0.72⇤⇤⇤

(0.09)

R2 0.82 0.90
Adj. R2 0.82 0.90
Num. obs. 61 61
***

p < 0.01, **

p < 0.05, *

p < 0.1
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Table A.9: I(0) Estimates of US/CAD Real Exchange Rate and Real Energy Com-
modity Price Elasticities (1998Q3-2013Q3)

OLS OLS + Trend AR(1) + Trend

Intercept �0.27⇤⇤⇤ �0.35⇤⇤⇤ �0.32⇤⇤⇤

(0.04) (0.05) (0.04)
Energy RBCPI 0.32⇤⇤⇤ 0.15⇤⇤⇤ 0.14⇤⇤⇤

(0.05) (0.07) (0.03)
Trend 0.02⇤⇤⇤ 0.02⇤⇤⇤

(0.01) (0.01)
AR(1) 0.82⇤⇤⇤

(0.07)

R2 0.73 0.86
Adj. R2 0.73 0.86
Num. obs. 61 61
***

p < 0.01, **

p < 0.05, *

p < 0.1

Table A.10: I(1) Estimation of US/CAD Real Exchange Rate and Commodity Price
Elasticities (1998Q3-2013Q3)

Cointegration: Dynamic OLS No cointegration 1st di↵erencing

Intercept �0.26⇤⇤⇤ 0.00
(0.01) (0.00)

Real Commodity Prices 0.66⇤⇤⇤ 0.25⇤⇤⇤

(0.03) (0.05)

Adj. R2 0.92 0.30
Num. obs. 52 60
***

p < 0.01, **

p < 0.05, *

p < 0.1



39

Table A.11: I(1) Estimation of US/CAD Real Exchange Rate and Non Energy Com-
modity Price Elasticities (1998Q3-2013Q3)

Cointegration: Dynamic OLS No cointegration 1st di↵erencing

Intercept �0.07⇤⇤⇤ 0.00
(0.01) (0.00)

Non Energy RBCPI 0.99⇤⇤⇤ 0.29⇤⇤⇤

(0.04) (0.09)

Adj. R2 0.93 0.13
Num. obs. 52 60
***

p < 0.01, **

p < 0.05, *

p < 0.1

Table A.12: I(1) Estimation of US/CAD Real Exchange Rate and Energy Commodity
Price Elasticities (1998Q3-2013Q3)

Cointegration: Dynamic OLS No cointegration 1st di↵erencing

Intercept �0.38⇤⇤⇤ 0.00
(0.02) (0.00)

Energy RBCPI 0.48⇤⇤⇤ 0.14⇤⇤⇤

(0.02) (0.03)

Adj. R2 0.89 0.24
Num. obs. 52 60
***

p < 0.01, **

p < 0.05, *

p < 0.1
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Figure A.1: Fitted total commodity prices and actual total commodity price index
from VAR(12) model for total commodity price index and US/CAD exchange rate
(1998Q3-2012Q4)
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Figure A.2: Fitted energy commodities and actual energy commodity price index
from VAR(12) model for energy commodity price index and US/CAD exchange rate
(1998Q3-2012Q4)
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Figure A.3: Forecast error variance decomposition from VAR(12) model of the ex-
cluding energy commodity price index and US/CAD exchange rate (1998Q3-2012Q4)
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Figure A.4: Forecast error variance decomposition from VAR(12) model of the energy
commodity price index and US/CAD exchange rate (1998Q3-2012Q4)
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