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Abstract 

In the last ten years, over half of Canada’s total exports consisted of energy and non-

energy commodities. Because the Canadian dollar is often called a “commodity currency”, this 

paper seeks to test the relevance of commodity prices in explaining the variation in the Canadian 

real exchange rate against the US dollar, the UK pound, and the Japanese yen. The currencies of 

these countries are chosen for the analysis because of Canada’s strong trade relationships with 

the United States, the United Kingdom, and Japan. The dynamic empirical model in this research 

demonstrates that the proportion of the variation in Canada’s real exchange rate that is 

attributable to a volatile commodity price shock differs depending on the currency pairing. The 

results also suggest that the relationship between commodity prices and the Canadian dollar has 

strengthened over the last two decades. 
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I. Introduction 

The volatility of the Canadian dollar has increased over the last decade, particularly 

against the US dollar. The standard deviation of the percentage change in the US/Canadian real 

exchange rate over the last decade was 3.9%, compared to 2.5% over the entire sample and 3.1% 

over the last two decades. The fluctuations in the Canadian dollar also appear to be highly 

persistent. As commodities make up a significant portion of Canada’s total exports, this paper 

seeks to model commodity prices as one of the determinants of Canada’s real exchange rate 

against three foreign currencies—the US dollar, the UK pound, and the Japanese yen. These 

three currencies are chosen because of Canada’s strong trade relationships with the United 

States, United Kingdom, and Japan
1
.  

Modeling and forecasting exchange rates is nothing new to the field of international 

economics. Meese and Rogoff (1983) were the first of many to attempt to forecast exchange 

rates. They found that forecasts of exchange rates could do no better than a simple random walk
2
. 

The challenge in modeling exchange rates is separating their inherent time-dependent behaviour 

from their short-run fluctuations. It is difficult to determine if a country’s exchange rate exhibits 

random walk behaviour or simply reverts to its long-run trend or mean value very slowly as a 

stationary variable (Froot & Rogoff, 1995). However, advancements since the 1980s and 1990s 

have produced some important empirical results. Taylor and Peel (2000) and Taylor (2001) 

found that including non-linear trends and estimation methods in the model could control for 

some of the challenges surrounding non-stationary variables.  

                                                 
1
 The European Union is Canada’s second-largest trading partner, but the euro currency block was only established 

in the late 1990s. Had a longer time series been available, the euro would have been included in this research. 

 
2
 The random walk theory posits that a variable’s future movements are unpredictable. That is, the variable can 

increase or decrease with equal probability in subsequent “steps” or time periods.  
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As an extension to his 1983 work, Rogoff (1996) noted that finding shocks that were 

particularly volatile could help overcome the empirical challenges in linking exchange rates to 

macroeconomic fundamentals. Research after the 1990s attempts to forecast the exchange rates 

of developed, commodity export-heavy countries using the world price of those commodities as 

one of the major sources of variation. The currencies of these countries are often called 

“commodity currencies”. Among the OECD member countries, the currencies of Canada, 

Australia, New Zealand, and Norway are generally referred to as commodity currencies. Chen 

and Rogoff (2003) model the US/Canadian dollar, US/Australian dollar, and US/New Zealand 

dollar real exchange rates against world commodity prices. This paper’s dynamic model of the 

Canadian dollar provides a natural extension to their static analysis, and also uses a similar 

theoretical framework, the Balassa-Samuelson hypothesis, to motivate the empirical relationship 

between real exchange rates and commodity prices. 

The dynamic relationship between Canada’s real exchange rate and commodity prices is 

estimated for the period 1973Q1 to 2012Q2 and 1991Q1 to 2012Q2. Impulse response functions 

are used to examine the changes in Canada’s real exchange rate over time after a one standard 

deviation shock to commodity prices; these results indicate that shocks to commodity prices are 

persistent, but the effect of this persistence on Canada’s real exchange rate depends on the 

foreign currency under analysis. Forecast error variance decompositions are used to account for 

the proportion of the variation in the Canadian dollar that is directly attributable to the variance 

of commodity price shocks. 

The motivation behind estimating a sparse real exchange rate model is supported by the 

literature. There is relatively less evidence of other variables, such as terms of trade, interest rate 

differentials, and government spending, having a significant impact on exchange rates (Froot & 
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Rogoff, 1995). An exchange rate equation with only one right-hand side variable is also an 

effective communication tool for central bank policy (Maier & DePratto, 2008). By attributing a 

portion of the Canadian dollar’s movements to highly persistent commodity price shocks, the 

empirical analysis in this paper uncovers one major source of the recent volatility.  

The estimated empirical relationship between Canada’s real exchange rate and 

commodity export prices will glean information about whether or not the recent currency 

movements are consistent with economic fundamentals (price fluctuations). The model reveals a 

change in strength of the relationship between the variables of interest over the last two 

decades— beginning in 1991—when the Bank of Canada adopted inflation targeting. Given our 

knowledge about the Canadian dollar’s movement with commodity prices, it is of interest to see 

if its value has deviated away from what we would expect. It is important for policy makers, 

namely the Bank of Canada, to identify distinguishable sources of variation in the exchange rate. 

Concluding that a portion of the recent variation is due to unknown factors is the key in 

determining if an appropriate mechanism exists with which to predict exchange rates and limit 

large fluctuations. If the shift from fundamentals is a cause for concern for central banks, it may 

warrant the development and implementation of a policy-regime change
3
. 

Similar to previous findings, the results presented here show that Canada’s currency 

value has a fairly strong, positive relationship with the US dollar price of its exports. For every 

1% change in the price of Canada’s commodity exports, the Canadian dollar experiences a 0.17-

0.30% appreciation, depending on the currency pairing. These results are robust to different 

model specifications. This paper also shows that a change in the estimated Canadian real 

exchange rate-commodity price relationship occurs after 1991—that is, it is much stronger. The 

                                                 
3
 The Bank of Canada stands ready to intervene when it identifies a particularly volatile shock that is not consistent 

with fundamentals (Bank of Canada, 2012). However, the Bank has not intervened in the foreign exchange market 

to influence Canadian currency movements since 1998. 
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change in the relationship may be a result of the increasing financialization of commodity 

markets and the increasing importance of trade in Canada’s economy. Moreover, since the later 

sample includes the period of extreme volatility in the stock markets and uncertainty in the 

global economy beginning after the 2007-2009 global financial crisis, the change may also be 

indicative of investor “flight to quality”—low risk appetite and demand for safe-haven 

currencies. 

The remaining sections of this paper are organized as follows: Section II discusses the 

relevant exchange rate literature; Section III relates Balassa and Samuelson’s theoretical 

framework of real exchange rates to the experience in Canada using a simple two-sector, two-

country model; Section IV provides the data description and graphical evidence for commodity 

prices and the Canadian dollar; Section V describes the empirical model; Section VI provides the 

results and discussion; and Section VII concludes and discusses areas for further research. The 

Appendix to this paper provides supplementary impulse response function graphs for the later 

sample and various robustness checks. 

II. Literature Review 

 

The empirical exchange rate literature is abundant. Kenneth Rogoff is one of the largest 

contributors to this body of international economics, especially since the 1980s. In their 1983 

paper, Meese and Rogoff find that empirical exchange rate models of the US dollar/UK pound, 

US dollar/Deutsche mark, and the US dollar/Japanese yen fail to fit the data out of sample. They 

conclude that exchange rates are inherently difficult to forecast. Further empirical tests on 

exchange rate models are inconsistent with these results stating that exchange rates are no more 

predictable than a simple random walk. Rossi (2005) concludes that the failure of exchange rate 

models to predict future values of exchange rates is not indicative of a poor fit to the data. 
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Froot and Rogoff (1995) provide a comprehensive review of the research surrounding 

real exchange rates up until the 1990s. The papers discussed in their review focus on explaining 

real exchange rate deviations from purchasing power parity (PPP). The authors discuss the 

Balassa-Samuelson hypothesis—the theoretical model proposing that real exchange rates move 

in proportion to cross-country relative traded and non-traded sector productivity differentials. 

That is, if the domestic country experiences productivity growth rate increases in their tradable 

goods sector relative to their non-tradable goods sector above those found in the foreign country, 

we should expect a real appreciation in the domestic country’s currency (Obstfeld & Rogoff, 

1996).  

More recent literature attempts to link real exchange rate movements to the fluctuations 

of commodity prices. These contributions often separate non-energy and energy commodities 

when estimating the exchange rate and commodity price relationship due to the energy series’ 

volatile nature. Chen and Rogoff (2003) estimate the non-energy commodity price-real exchange 

rate relationship for three foreign currencies against the US dollar: the Australian, New Zealand, 

and Canadian dollars. With their empirical model, they find that the currencies of Australia and 

New Zealand have a positive and significant relationship with the world price of the country-

specific commodities. The results for Canada are somewhat mixed; the authors suggest that the 

lack of statistical significance in the basic OLS regressions is indicative of a long-run 

cointegrating relationship between the Canadian dollar and the world price of Canada’s 

commodity exports. Similar to the research presented here, Chen and Rogoff (2003) also 

estimate a dynamic model and find that shocks to commodity prices are highly persistent. This 

paper provides a natural extension to Chen and Rogoff’s results, with the addition of 11 years of 
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data and two different foreign currencies. Moreover, the USD/CAD regression results in Section 

VI are directly comparable to Table 1 of Chen and Rogoff’s paper. 

Since strong commodity export sectors are not contained to developed countries only, it 

is worth discussing research that models the commodity price-real exchange rate relationship for 

developing countries. Cashin, Cespedes, and Sahay (2003) find that, of the 58 commodity-

exporting countries in a 1980-2002 sample, one-third show evidence of a relationship between 

the world price of commodities and their national real exchange rates. Bodart, Candelon, and 

Carpantier (2012) go so far as to estimate the relationship for a sample of developing countries 

using the respective country’s leading commodity export instead of a basket containing all 

country-specific commodities. They conclude that the price of this leading commodity has a 

significant impact on the long run real exchange rate if the commodity’s share of the country’s 

total exports exceeds 20%. The larger the share of this dominant commodity in the country’s 

total exports, the larger the impact on the currency. 

Since this research uses a dynamic system approach to link commodity prices to the 

Canadian dollar, it is worth noting a recent Bank of Canada discussion paper by Maier and 

DePratto (2008). Using the Bank of Canada’s exchange rate equation, the authors find that the 

magnitude of the relationship between the US dollar/Canadian dollar real exchange rate and 

commodity prices changed over the previous five years. They conclude that, even when 

nonlinearities are not controlled for in the empirical analysis, accounting for the changes in the 

production shares of non-energy and energy commodities in the export basket produces stable 

coefficients. As of 2012, the Bank of Canada constructs an improved commodity price index that 

accounts for the change in production shares of the 24 commodities produced in Canada and sold 

in world markets. This paper makes use of the revised price index. 
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III. Theoretical Model 

As mentioned in the literature review to this paper, the Balassa-Samuelson hypothesis 

provides a theoretical framework for the empirical relationship between the world price of 

Canada’s commodity exports and the Canadian real exchange rate. The effect of commodity 

price increases on Canada’s real exchange rate is derived using a simplified version of the 

Balassa-Samuelson theory. The real exchange rate for the Canadian dollar and the foreign 

currency is shown in Equation (3.1, where q is the real exchange rate, E is the nominal exchange 

rate (with the Canadian dollar as the unit currency), P is the Canadian price level, and P* is the 

foreign price level. 

                   
    
    

 
(3.1) 

With a geometric weight parameter, , the price levels account for domestic and foreign 

consumers’ preferences for foreign produced goods and domestically produced goods.  

    
  
     

 

  
      

  
       

  
  
     

  
    

 

  
     

  
 

(3.2) 

An adapted version of Balassa and Samuelson’s theoretical model includes two countries, 

Canada and Foreign (denoted with an asterisk), which have two sectors: a traded (T) and non-

traded goods sector (N). Each non-traded goods sector produces a country-specific good (for 

example, haircuts) with its own domestic price represented by a broad-basket consumer price 

index. The two traded goods sectors produce a common tradable good (such as computers) that 

has the same price after currency conversions. Therefore, the real exchange rate for these 

tradable goods satisfies purchasing power parity and is equal to one. 

      
  
  
     

(3.3) 
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For simplicity, the model contains only one factor of production—labour—that receives a wage 

equal to the value of its marginal product. The marginal product of labour is denoted AT and AT
*
. 

 

  
   

 

 

  
    

  

  
    

 

  

  
    

  

(3.4) 

Because labour is perfectly mobile within each country, wages across sectors must be equal. The 

marginal product of labour in the non-traded goods sector is normalized to one, with the wage 

represented by: 

          
  (3.5) 

In contrast, the marginal product of labour in the traded goods sector is equal to factor 

productivity, with the wage represented by: 

            
   
  (3.6) 

The above conditions imply that the price in the non-traded goods sector is equal to the value of 

the marginal product in the traded goods sector. This means that price changes or productivity 

changes in the traded goods sector have a direct impact on the price of non-traded goods. 

          
    

   
  (3.7) 

Based on this condition, the price ratio of non-traded goods to traded goods can be represented 

by AT: 

  
  
    

  
 

  
    

  
(3.8) 
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By Equations (3.2) and (3.3), the real exchange rate reduces to: 

   
(
  
  
)
 

(
  
 

  
 )
 

 

(3.9) 

Substituting the conditions in (3.8) into the above equation, the real exchange rate between 

Canada and Foreign is represented by the ratio of traded goods sector productivity between the 

two countries, shown in Equation (3.10a).  

   (
  
  
 )

 

 

(3.10a) 

  ( )   [  (  )    (  
 )] (3.10b) 

 ̇

 
   [

 ̇ 
  
 
 ̇ 
 

  
 ] 

(3.10c) 

When the natural log and the total differential
4
 is taken to this real exchange rate 

equation, it is shown that productivity growth rate increases in Canada over and above those in 

the Foreign country will result in a real exchange rate appreciation of the Canadian dollar. This 

result holds regardless of the size of the  parameter (0  <   < 1), the relative share in the price 

level of the traded and non-traded goods sector. An important feature of this model is that it 

makes use of relative productivity growth rates. Canada and Foreign can both experience 

positive growth in productivity, but one country’s productivity grows at a faster rate. 

  

                                                 
4
 A “” denotes the derivative of the variable with respect to time. 
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IV. Data Description and Graphical Evidence 

A. Data Description 

Canadian real exchange rates, denoted q, are constructed using the spot nominal 

exchange rate, denoted E, and the consumer price indices for Canada and the foreign countries—

PCAD and PFOR, respectively.  

                   
    
    

 
(4.1) 

The nominal exchange rates and the Canadian CPI are obtained from Statistics Canada 

(CANSIM II) and the US, UK, and Japanese CPIs are obtained from the St. Louis Federal 

Reserve Economic Database (FRED). The sample is quarterly data ranging from 1973Q1 to 

2012Q2. By Equation (4.1), because the nominal exchange rates are reported as the foreign price 

of one Canadian dollar, the real exchange rates measure the relative price of one Canadian good 

basket in terms of the foreign good basket. The real exchange rate is constructed in this way so 

that a Canadian dollar appreciation (increase) coincides with a commodity price increase. The 

commodity price indices are constructed by the Bank of Canada (BCPI) and are obtained from 

Statistics Canada. The Bank uses a chain Fisher price index of the transactions prices, measured 

in US dollars, of the 24 commodities that Canada exports to world markets. The Bank also 

separates the index into non-energy and energy commodities. However, this empirical model 

uses the all-commodities price index
5
. The commodity price data are divided by the US CPI to 

ensure that they are in real terms. The natural logarithm is taken for both the real exchange rate 

and the commodity price series so that the regression coefficients can be interpreted as 

elasticities. 

                                                 
5
 Preliminary results that separate the commodity price index into non-energy and energy commodities reveal that 

the magnitude of the relationship between the Canadian dollar and the disaggregated price indices are not much 

different. 
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B. Graphical Evidence 

The figures below plot the logged Canadian real exchanges rate with the logged real US 

dollar price of Canada’s commodity exports. 

 
Figure 1 – Logged US/Canada Real Exchange Rate and Real Commodity Prices 

 

 

 
Figure 2– Logged UK/Canada Real Exchange Rate and Real Commodity Prices 
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Figure 3– Logged Japan/Canada Real Exchange Rate and Real Commodity Prices 

 

Figure 1 shows the US/Canadian dollar versus the all commodities price index. The 

movements of the two series are noticeably similar. For example, between the years 1990 and 

2000, there is a long run decline in the two series. There is also a noticeable upward trend 

extending from the year 2000 to the present. Both the US/Canadian real exchange rate and the 

price of commodities experience a precipitous decline at the onset of the global financial crisis in 

the late 2000s.  

It is evident from Figure 2 that the observations above cannot be drawn for the 

relationship between the UK/Canadian real exchange rate. Between the mid-1970s and mid-

1980s, the two series appear to be inverses of each other. In 1975 the Canadian dollar 

experiences a significant depreciation against the UK pound while the price of Canada’s 

commodity exports experiences a slight increase. Beginning in 1980, the opposite occurs: the 

Canadian dollar appreciates against the UK pound while commodity prices fall until about 1985. 

However, the rapid increase in commodity prices between 2000 and 2010 is met with a subtle 

appreciation in the Canadian dollar against the UK pound. Additionally, the UK/Canadian real 
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exchange rate is noticeably more volatile in the first half of the sample period compared to the 

US/Canadian real exchange rate. 

The relationship between commodity prices and the Japanese/Canadian real exchange 

rate is similar to that between commodity prices and the US/Canadian real exchange rate (albeit 

the Japanese/Canadian real exchange rate is more volatile in the first half of the sample). It 

seems that the response of the Japanese/Canadian real exchange to commodity price movements 

is relatively stronger. The increases in commodity prices in the late 1980s and late 1990s is met 

with a sharp appreciation of the Canadian dollar against the Japanese yen. The muted recovery of 

commodity prices after the recession is met with a muted appreciation against the Japanese yen. 

However, this feat is not evident in the real US/Canadian dollar exchange rate; it seems that the 

Canadian dollar has fully recovered against the US dollar after the financial crisis. This 

phenomenon may be a result of investor “flight to quality—the demand for safe-haven 

currencies—during the recovery. Arguably, investors may see the Canadian dollar as a safe-

haven currency since the financial crisis had significant American roots. 
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Tables 1 and 2 report the summary statistics of each of the variables for the full sample 

and the later sample, respectively. Because these statistics are reported as percentage changes of 

the variables, the standard deviations provide a good approximation of the volatility. As is 

evident in Figures 1-3, the UK/Canadian and Japanese/Canadian real exchange rates are much 

more volatile than the US/Canadian real exchange rate. From the full sample summary statistics 

in Table 1, it is shown that the standard deviation of the US/Canadian real exchange rate is 

2.53% compared to 4.7% and 5.8% against the Japanese yen and the UK pound.  

Table 1: Summary Statistics (Quarterly Percentage Change in Variable), 1973Q1 - 2012Q2 

Variable Mean Median S. D. Min. Max. 

USD/CAD Real Exchange Rate -0.01 -0.22 2.53 -13.81 7.13 

UKP/CAD Real Exchange Rate -0.07 0.11 4.70 -15.26 13.68 

JPY/CAD Real Exchange Rate -0.35 0.11 5.80 -27.62 12.25 

All Commodities Price Index 0.00 -0.44 6.44 -45.31 18.82 

Non-Energy Commodities Price Index -0.28 -0.99 4.67 -22.08 11.25 

Energy Commodities Price Index 0.67 0.63 11.21 -58.99 26.51 
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Table 2 reports the summary statistics for the later sample (199Q1 to 2012Q2). It is 

evident from the column showing the standard deviations that the Canadian dollar and the price 

of Canada’s commodity exports is more volatile in the period beginning 199Q1 to 2012Q2, with 

the exception of the UK pound/Canadian dollar real exchange rate. The standard deviation of this 

series over the later sample is 3.78% as opposed to 4.70% over the whole sample. It is also 

interesting to note that the mean percentage change in each of the series in the later sample is 

always positive, indicating that the most recent two decades saw, on average, an increase in 

value of the Canadian dollar and of Canada’s commodity exports. This result is in contrast to the 

mean values reported in Table 1, in which the average percentage change in the Canadian dollar 

against the three currencies is negative (a real depreciation). 

Table 2: Summary Statistics (Quarterly Percentage Change in Variable), 1991Q1 - 2012Q2 

Variable Mean Median S. D. Min. Max. 

USD/CAD Real Exchange Rate 0.03 -0.29 3.11 -13.81 7.13 

UKP/CAD Real Exchange Rate 0.30 0.16 3.78 -7.01 13.68 

JPY/CAD Real Exchange Rate 0.04 0.54 5.96 -27.62 12.25 

All Commodities Price Index 0.28 0.62 8.02 -45.31 18.82 

Non-Energy Commodities Price Index 0.11 -0.48 5.06 -22.08 9.48 

Energy Commodities Price Index 0.45 1.09 13.18 -58.99 26.51 
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V. Empirical Model 

This paper analyzes the relationship between the price of Canada’s commodity exports 

and the Canadian dollar against three foreign currencies using two estimation methods. The first 

method is a single-equation ordinary least squares (OLS) estimation. The second method is a 

dynamic system estimation (a simultaneous equations model) that models the contemporaneous 

relationships between the two variables. The two models and their results are presented 

separately in Section VI. 

A. Single Equation Estimation 

The single equation model is estimated using ordinary least squares with the three 

bilateral exchange rates as the dependent variable and the real commodity price index as the 

independent variable.  

             
 

(5.1) 

The standard assumptions apply to this bivariate regression—that the error term is serially 

uncorrelated and is independent and identically distributed (that is, Eet = 0 and Eet
2
 = σ

2
). 

Each exchange rate model is tested for residual autocorrelation using the Breusch-

Godfrey serial correlation Langrange multiplier test. The autocorrelation test results are found in 

Tables 3-5. Because of the presence of autocorrelation in the residuals and serial dependence in 

the dependent variable, the single equation model is also estimated using OLS with Newey-West 

autocorrelation and heteroskedasticity consistent standard errors. The single equation model 

(with and without Newey-West standard errors) is also estimated with four lags of the dependent 

and independent variables to control for the autoregressive and distributed lag (ADL) properties 

of the two time series. Each single-equation regression is estimated with no trend, with a linear 

trend, and with both a linear and quadratic trend. 
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B. Dynamic System Estimation 

The dynamic system is estimated as a restricted structural vector autoregression (SVAR). 

The US dollar price of Canada’s commodity exports are denoted xt and the Canadian real 

exchange rates are denoted qt. The model is, 

               
                                      

 

(5.2) 

               
                                  

                                            
 

 

where (e1t, e2t)’ ~ i.i.d. (0, Σ) and the variance-covariance matrix is, 

  [
    
    

] 

It is also assumed that the error terms in each of the equations are serially uncorrelated. 

This dynamic model is specified for the full sample period and for a later sample period 

beginning in 1991Q1. The commodity price equation contains a constant term, a linear and 

quadratic trend, and four lags of itself; this is a simple autoregressive model. The real exchange 

rate equation contains a constant term, a linear and quadratic trend, current period commodity 

prices, four lags of commodity prices, and four lags of itself; this is a typical autoregressive 

distributed-lag model. Including the trend variables is meant to control for the unit roots in the 

individual time series. Unit roots are indicative of an underlying non-stationary process with a 

stochastic or deterministic trend, or both (Stewart, 2004). The results from the Augmented 

Dickey-Fuller test for a unit root can be found in Appendix D. The decision to include four lags 

of each of the variables is based on the results from the selection order criteria found in 

Appendix E. 
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Identifying restrictions are imposed on the model so that the estimates can be interpreted 

economically (Enders, 2004, pp. 291-295; Hamilton, 1994, pp. 332-334). The first restriction is 

that commodity prices are assumed to be independent of the error term found in the real 

exchange rate equation. 

          
 

 

The second restriction imposed is that the contemporaneous relationship between xt and qt is 

captured entirely through the γ20 coefficient; that is, the error terms are uncorrelated. 

           
 

 

These restrictions allow commodity prices to affect the real exchange rate contemporaneously, 

while assuming that commodity prices are unaffected contemporaneously by the real exchange 

rate. These types of restrictions are typical in dynamic macroeconomic models and they satisfy 

the order conditions for identifying the system, which are consistent with the economic theory of 

treating the commodity prices as exogenous to Canada’s real exchange rate. 

Additional restrictions are imposed on the commodity price equation to ensure that the 

effects of the one standard deviation shock to commodity prices on the real exchange rates can 

be analyzed symmetrically. That is, current and lagged values of the real exchange rate do not 

affect commodity prices. This is a reasonable assumption since Canada is a small, open economy 

with a relatively small market share in world commodity exports. Therefore, it is unlikely that 

Canadian real exchange rate variations affect commodity prices. Likewise, events specific to 

Canada that affect the Canadian dollar do not influence commodity prices simultaneously. 

Estimating the exchange rate-commodity price relationship as a dynamic system allows 

us to simulate an arbitrary one-period shock to commodity prices. Here, the one-period shock is 

a one standard deviation increase in the error term, e1t. 
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This model assumes that no other shocks occur in the period; that is, de2t = 0. Using impulse 

response functions, we can determine the path of commodity prices and the bilateral real 

exchange rates after the initial shock to commodity prices: 

            ̂   

                          ̂   

                   
         

             ̂      
  ̂   

  
 

(5.3) 

 

                        ̂   
  

(5.4) 

 

Because the two time series are in log form, the ratio of their instantaneous rates of 

change can be interpreted as elasticities. These elasticities have been obtained by taking the ratio 

of the period-by-period shocks in the real exchange rate to the one initial shock in commodity 

prices. This calculation allows us to infer the magnitude of all subsequent shocks (in periods t + 

s, s  0) to the real exchange rate over time with respect to the initial one-off, one standard 

deviation shock to commodity prices at period t.  

The dynamic model is also useful for computing forecast error variance decompositions. 

These are percentages that indicate the proportion of the total variation in the real exchange rate 

in any given time period that is attributable to the variation in commodity price shocks and the 

variation in all other real exchange rate shocks for that same period. The total variation in the 

real exchange rate can be interpreted as, 

 (      ̂   )                        
                       

  

Because this model uses quarterly data, the results section reports impulse response function 

elasticities and forecast error variance decompositions for the initial time period—when the 

shock occurred in period zero—and four and eight quarters after the initial shock occurred (one 

and two years).  
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VI. Results and Discussion 

 

A. Single Equation Estimation 

 

Table 3: US dollar/Canadian dollar real exchange rate model 

 

  OLS and Newey-West S.E. 

 

OLS ADL and Newey-West S.E. 

 (1) (2) (3)  (4) (5) (6) 

  
No trend Linear trend 

Linear and 

quadratic 

trend  

No trend Linear trend 

Linear and 

quadratic 

trend 

Real commodity 0.3206*** 0.3202*** 0.2636** 

 

0.1690*** 0.1707***    0.1657** 

prices (0.0567) (0.0611) (0.0865) 

 

(0.0478) (0.0491) (0.0498) 

 

[5.6518] [5.2394] [3.0479] 

 

[3.5367] [3.4775] [3.3299] 

χ
2
 (Lag 1) 145.514 145.533 147.225 

 

0.315 0.212 0.321 

Prob > χ
2
 0 0 0 

 

0.575 0.646 0.571 

χ
2
 (Lag 4) 146.351 146.370 148.066 

 

5.439 5.164 5.017 

Prob > χ
2
 0 0 0 

 

0.245 0.271 0.286 

R
2
 0.493 0.493 0.502 

 

0.971 0.971 0.971 

Adj. R
2
 0.490 0.486 0.492 

 

0.969 0.969 0.969 

No. obs. 158 

 

154 

Sample period 1973Q1 - 2012Q2 

        The dependent variable is the US dollar/Canadian dollar real exchange rate. All variables are logged. Breusch-

Godfrey autocorrelation test statistics are for the OLS specifications without Newey-West robust standard 

errors. Autocorrelation is tested at one and four lags. The null hypothesis is no autocorrelation at the specified 

lag order. 

*** indicates significance at the 1% level, ** at the 5% level, and * at the 10% level. 
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The OLS results require a brief discussion because they are directly comparable to Table 

1 found in Chen and Rogoff (2003). The OLS results provide a sufficient approximation of the 

simple correlation between the real exchange rate and commodity prices. From Table 1, 

Columns 1-3, the correlation between the US/Canadian dollar exchange rate and the commodity 

price series is 0.30. This is reflective of the expectation that the Canadian dollar is at least 

moderately and positively correlated with Canada’s commodity export prices and is consistent 

with the results found in Chen and Rogoff (2003). The Breusch-Godfrey tests for one and four 

lags suggest that there is significant autocorrelation in the residuals. The chi-squared statistics are 

quite large when the model is estimated with and without a linear and quadratic trend; the p-

values for one and four lags are 0. Therefore, this specification rejects the null of no 

autocorrelation.  

The distributed lag and autoregressive OLS results in Columns 4-6 show lower 

coefficients at around 0.17. For the autocorrelation tests, the p-values on the fourth lag are 

noticeably smaller than those on the first lag. However, we still fail to reject the null hypothesis 

of no autocorrelation at the usual significance levels, indicating that autocorrelation in the 

residuals is not an issue at longer lag lengths. In either the OLS or OLS ADL models, it seems 

that adding a nonlinear trend unambiguously increases the probability of failing to reject the null 

of no significance in the coefficients. However, the coefficients are still significant at the 5% 

level. 

  



24 

Table 4: UK pound/Canadian dollar real exchange rate model 

 

  OLS and Newey-West S.E. 

 

OLS ADL and Newey-West S.E. 

 (1) (2) (3)  (4) (5) (6) 

  
No trend Linear trend 

Linear and 

quadratic 

trend  
No trend Linear trend 

Linear and 

quadratic 

trend 

Real commodity 0.3117** 0.2761** 0.0059 

 

0.0225 0.0235 0.0216 

prices (0.0984) (0.0947) (0.1522) 

 

(0.0496) (0.0488) (0.0506) 

 

[3.1680] [2.9166] [0.0390] 

 

[0.4526] [0.4818] [0.4265] 

χ
2
 (Lag 1) 134.460 135.332 136.656 

 

0.009 0.043 0.034 

Prob > χ
2
 0 0 0 

 

0.925 0.835 0.854 

χ
2
 (Lag 4) 135.784 136.679 138.266 

 

5.935 5.089 5.531 

Prob > χ
2
 0 0 0 

 

0.204 0.278 0.237 

R
2
 0.276 0.291 0.407 

 

0.922 0.923 0.923 

Adj. R
2
 0.272 0.282 0.395 

 

0.918 0.917 0.917 

No. obs. 158 
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Sample period 1973Q1 - 2012Q2 

        The dependent variable is the UK pound/Canadian dollar real exchange rate. All variables are logged. 

Breusch-Godfrey autocorrelation test statistics are for the OLS specifications without Newey-West robust 

standard errors. Autocorrelation is tested at one and four lags. The null hypothesis is no autocorrelation at the 

specified lag order. 

*** indicates significance at the 1% level, ** at the 5% level, and * at the 10% level. 

 

The single equation estimation results for the UK pound/Canadian dollar relationship are 

somewhat puzzling. The coefficients of the basic OLS regression results suggest that there is a 

significant positive correlation between the two series. However, the autoregressive distributed 

lag specification contradicts this finding with positive but statistically insignificant coefficients 

on the real commodity price variable. Perhaps the relative importance of the price of Canada’s 
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commodity exports in the determination of the UK/Canadian real exchange rate is smaller 

because the UK is also an exporter of commodities; there may be a simultaneous appreciation of 

both currencies when commodity prices increase. 

Table 5: Japanese yen/Canadian dollar real exchange rate model 

 

  OLS and Newey-West S.E. 

 

OLS ADL and Newey-West S.E. 

 (1) (2) (3)  (4) (5) (6) 

 

No trend Linear trend 

Linear and 

quadratic 

trend  

No trend Linear trend 

Linear and 

quadratic 

trend 

Real commodity 0.7692*** 0.6795*** 0.4416*** 
 

  0.3023**    0.3023**    0.3044** 

prices (0.0966) (0.0897) (0.1155) 

 

(0.0945) (0.0941) (0.0936) 

 

[7.9613] [7.5781] [3.8227] 

 

[3.1976] [3.2121] [3.2534] 

χ
2
 (Lag 1) 127.822 129.301 133.979 

 

2.680 2.742 2.737 

Prob > χ
2
 0 0 0 

 

0.102 0.098 0.098 

χ
2
 (Lag 4) 129.873 131.543 136.607 

 

3.011 3.070 3.091 

Prob > χ
2
 0 0 0 

 

0.556 0.546 0.543 

R
2
 0.637 0.671 0.705 

 

0.963 0.963 0.963 

Adj. R
2
 0.634 0.667 0.700 

 

0.961 0.961 0.961 

No. obs. 158 
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Sample period 1973Q1 - 2012Q2 

        The dependent variable is the Japanese yen/Canadian dollar real exchange rate. All variables are logged. 

Breusch-Godfrey autocorrelation test statistics are for the OLS specifications without Newey-West robust 

standard errors. Autocorrelation is tested at one and four lags. The null hypothesis is no autocorrelation at the 

specified lag order. 

*** indicates significance at the 1% level, ** at the 5% level, and * at the 10% level. 
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The results from the commodity price-real exchange rate relationship for the Japanese 

yen/Canadian dollar are surprising. The results suggest that there is a strong positive correlation 

between the two series, as the commodity price coefficients range from 0.30 to 0.77, depending 

on the inclusion of a trend and lags of the dependent and independent variables. Even with 

Newey-West standard errors and ADL model specifications, the coefficients on commodity 

prices are still highly significant. Perhaps Japan’s lack of a strong commodity-exporting sector 

plays a large role in the depreciation of its currency when world commodity prices increase. 

Given that these OLS results only offer information about the instantaneous rates of 

change between the two variables over the whole sample, it is of particular interest to analyze the 

dynamic response of the Canadian real exchange rate to commodity price shocks. The dynamic 

model results in the next section allow us to trace the path of a one-off commodity price shock 

and how this shock affects the three real exchange rates over a 20-quarter horizon (five years). 

By separating the data into a later sample—from 1991Q1 to 2012Q2—the results from the 

dynamic model also allow us to infer changes in the relationship between real commodity prices 

and real exchange rates by analyzing the forecast error variance decompositions. 

B. Dynamic System Estimation – Full Sample and Later Sample 

The dynamic system is specified to include an exogenous linear and quadratic trend to 

control for the non-stationary time series, and assumes that Canada’s real exchange rate has no 

contemporaneous or lagged effect on the commodity price series. Current and past commodity 

prices affect the real exchange rate series contemporaneously. Given the specifications of the 

model, the impulse response function for commodity prices is the same for each of the three 

dynamic systems. 
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Table 6: Impulse Response Function Elasticities, 1973Q1 - 2012Q2 
Ratio of percent change in RER to percent change in commodity prices (elasticity) 

 

Currency Year 0 (t + s = 0) Year 1 (t + s = 4) Year 2 (t + s = 8) 

US Dollar 0.166 0.071 0.053 

UK Pound 0.022 0.200 0.187 

Japanese Yen 0.304 0.342 0.114 

 

Table 7: Forecast Error Variance Decompositions, 1973Q1 - 2012Q2 
Percentage variation due to commodity price shock 

 

Currency Year 0 (t + s = 0) Year 1 (t + s = 4) Year 2 (t + s = 8) 

US Dollar 0 12.7 8.2 

UK Pound 0 1.3 4.5 

Japanese Yen 0 12.5 18.3 

 

Table 8: Impulse Response Function Elasticities, 1991Q1 - 2012Q2 
Ratio of percent change in RER to percent change in commodity prices (elasticity) 

 

Currency Year 0 (t + s = 0) Year 1 (t + s = 4) Year 2 (t + s = 8) 

US Dollar 0.221 0.175 0.079 

UK Pound 0.054 0.146 -0.058 

Japanese Yen 0.333 0.329 0.368 

 

Table 9: Forecast Error Variance Decompositions, 1991Q1 - 2012Q2 
Percentage variation due to commodity price shock 

 

Currency Year 0 (t + s = 0) Year 1 (t + s = 4) Year 2 (t + s = 8) 

US Dollar 0 41.4 46.9 

UK Pound 0 6.6 11.0 

Japanese Yen 0 20.5 25.7 
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Figure 4: Full sample (1973Q1 – 2012Q2) real commodity prices impulse response function. The figure plots the percentage change in 

commodity prices over a 20-quarter horizon due to the positive one standard deviation shock (a 5.6% change) to commodity prices in 

period 0. Vertical axis values are percentage changes in decimal form; horizontal axis values express time in quarters. The gray area 

shows the 95% confidence interval band, or approximately two standard errors. 

 

 

         Quarter 

 

Figure 5: Full sample (1973Q1 – 2012Q2) US/Canadian dollar real exchange rate impulse response function. The graph to the left 

plots the percentage change in the US dollar/Canadian dollar real exchange rate over a 20-quarter horizon due to real exchange rate 

shocks in the economy; the graph to the right plots the percentage change in the US dollar/Canadian dollar real exchange rate over a 

20-quarter horizon due to the positive one standard deviation shock (a 5.6% change) to commodity prices in period 0. Vertical axis 

values are percentage changes in decimal form; horizontal axis values express time in quarters. The gray area shows the 95% 

confidence interval band, or approximately two standard errors. 
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         Quarter 

 

Figure 6: Full sample (1973Q1 – 2012Q2) UK pound/Canadian dollar real exchange rate impulse response function. The graph to the 

left plots the percentage change in the UK pound/Canadian dollar real exchange rate over a 20-quarter horizon due to real exchange 

rate shocks in the economy; the graph to the right plots the percentage change in the UK pound/Canadian dollar real exchange rate 

over a 20-quarter horizon due to the positive one standard deviation shock (a 5.6% change) to commodity prices in period 0. Vertical 

axis values are percentage changes in decimal form; horizontal axis values express time in quarters. The gray area shows the 95% 

confidence interval band, or approximately two standard errors. 

 

 

         Quarter 

 

Figure 7: Full sample (1973Q1 – 2012Q2) Japanese yen/Canadian dollar real exchange rate impulse response function. The graph to 

the left plots the percentage change in the Japanese yen/Canadian dollar real exchange rate over a 20-quarter horizon due to real 

exchange rate shocks in the economy; the graph to the right plots the percentage change in the Japanese yen/Canadian dollar real 

exchange rate over a 20-quarter horizon due to the positive one standard deviation shock (a 5.6% change) to commodity prices in 

period 0. Vertical axis values are percentage changes in decimal form; horizontal axis values express time in quarters. The gray area 

shows the 95% confidence interval band, or approximately two standard errors. 
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Figure 4 shows the path of commodity prices after the 5.6% (one standard deviation) 

shock to commodity prices at period zero. The shock seems highly persistent since the 

instantaneous rate of change in commodity prices does not reach zero until 20 quarters. We can 

say with certainty that these commodity price changes remain positive up until one year, as the 

95% confidence bands do not cross zero until after this period. It is also interesting to note that 

the initial shock produces an increasing effect early in the time horizon, as is evident from the 

peak at one quarter. 

1. US dollar/Canadian dollar real exchange rate model 

 

From Figure 5, the 5.6% change in commodity prices has an immediate 0.9% effect on 

the USD/CAD real exchange rate and continues for four quarters. After this period, the impulse 

response function approaches zero, indicating that the shock to the real exchange rate due to the 

commodity price shock is “front-loaded” and dies out quite quickly. With 95% confidence we 

can say that these shocks to the USD/CAD exchange rate will be above zero for at least one year. 

The elasticities obtained from these impulse response functions are shown in Table 6. We see 

that the ratio of the change in the real exchange rate to the change in commodity prices decreases 

quickly (from 0.166 to 0.071) when going from year 0 to year 1. These elasticities are consistent 

with the USD/CAD’s graphical response in Figure 5. From Table 7, the elasticities for the later 

sample are unambiguously higher, indicating that the US dollar/Canadian dollar real exchange 

rate responds with a larger change when commodity prices increase. 
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The forecast error variance decompositions in Table 6 suggest that the relationship 

between commodity price fluctuations and fluctuations in the USD/CAD has increased over the 

last two decades. The proportion of the variation in the US dollar/Canadian dollar that is 

attributable to the variation in commodity price shocks increased from 12.7% in the full sample 

to 41.4% in the later sample—a threefold increase. These results also indicate that the USD/CAD 

real exchange rate exhibits the strongest relationship with commodity prices when compared to 

the UK pound and Japanese yen against the Canadian dollar. 

2. UK pound/Canadian dollar real exchange rate model 

 

Figure 6 shows that the UK pound/Canadian dollar real exchange rate’s response to the 

commodity price shock is relatively small, with only a 0.1% change at the time of the shock. As 

suggested earlier in the preliminary analysis of the data, perhaps the simultaneous appreciation of 

the pound eliminates the total effect of commodity price increases on the Canadian dollar. This 

finding is consistent with the UK having a stronger export sector relative to the US or Japan; 

exports account for about 16.6% of the UK’s annual 2011 gross domestic product, whereas they 

only account for 6.4% and 8.0% for the US and Japan, respectively. The lack of a significant 

relationship between the UKP/CAD and commodity prices reflected in this dynamic analysis is 

also consistent with the results from the single equation estimations. 

This muted initial response is followed by an increasing rate of change in the real 

exchange rate. Although we cannot say that these changes are statistically different from zero 

over the entire 20-quarter horizon, it seems that the UK pound/Canadian dollar exhibits a lagged 

response to the commodity price shock. Statistical uncertainty aside, it seems that these 

commodity price shocks are quite persistent to the UKP/CAD, specifically after the first four 

quarters.  
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The elasticities from Tables 6 and 8 also confirm the weak relationship between 

commodity prices and this particular exchange rate. For the full sample model, the elasticities 

hover around 0.02 at different time horizons. However, in the later sample model these values 

are more volatile, which is evident from the negative elasticity at a two-year horizon. The 

forecast error variance decompositions also reaffirm the belief that the variation in this exchange 

rate does not exhibit as strong of a relationship with commodity price fluctuations. 

3. Japanese yen/Canadian dollar real exchange rate model 

 

Figure 7 plots the change in the Japanese/Canadian real exchange rate over 20 quarters 

after the one standard deviation shock to commodity prices. The commodity price shock appears 

to affect the JPY/CAD in an oscillating manner. Not only is the magnitude of the impact larger 

on the JPY/CAD than on the USD/CAD real exchange rate (1.6% compared to 0.9%), the 

commodity price shock seems to have a more persistent effect on the yen than on the US dollar. 

This inference is even stronger because the confidence interval bands do not cross zero until 

about 12 quarters. The size of the change in the JPY/CAD is also consistent with the OLS results 

presented earlier, which suggest a stronger relationship between the JPY/CAD and commodity 

prices compared to the USD/CAD. 

The impulse response function elasticities reported in Table 6 confirm the larger response 

of the JPY/CAD to commodity price shocks compared to the USD/CAD, with elasticities 

ranging from 0.10 to 0.30 over different horizons. Unlike the USD/CAD, the magnitude of the 

change in the real exchange rate due to commodity price shocks in the later sample remains 

similar to those found in the full sample. The forecast error variance decompositions confirm a 

relatively strong relationship between the two series. Though, what is more interesting is that the 

magnitude of the shock on the JPY/CAD is larger than that on the USD/CAD, but the 
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commodity prices explain less of the variation in the JPY/CAD than they do for the USD/CAD. 

More specifically, it seems that the importance of the commodity price shocks in explaining the 

variation in the USD/CAD is greater than that of the JPY/CAD, while the initial impact on the 

USD/CAD is smaller than that on the JPY/CAD. 

Although Canada has a stronger trade relationship with the US, it seems that these 

commodity price shocks do not have a direct influence on the magnitude of the change in the 

USD/CAD real exchange rate level. However, the commodity prices do play a significant role in 

explaining the variation of this real exchange rate. That is, commodity prices can explain a 

significant portion of the forecast error variance in the USD/CAD—the variance of the 

difference between actual and predicted values. If commodity prices are volatile over a specific 

period of time, we can expect that Canada’s real exchange rate may exhibit similar volatility, 

though the unit change in the real exchange rate is somewhat more uncertain. 

When the world price of Canada’s commodity exports increases, this is seen as a negative 

productivity shock to Canada’s trading partners that use its primary commodities in the 

production of goods. This increase in the price of tradables may also increase the price of inputs 

for foreign-produced goods (nontradables), further resulting in a decrease in relative 

productivity. Based on the long run model of real exchange rates (Krugman & Obstfeld, 2012, 

pp. 405-410), there are two other mechanisms for which the price of Canada’s commodity 

exports can result in an appreciation of the Canadian dollar. First, an increase in relative demand 

for Canada’s commodities will push Canada’s price level up. Second, fewer Canadian goods on 

the market will drive Canada’s relative price up and the foreign country’s down due to a decrease 

in the long run relative supply. By the real exchange rate equation (4.1), this increase in 

Canada’s relative price will result in a real appreciation of the Canadian dollar. As an extension 
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to the relative output demand and relative output supply model, an increase in relative demand 

for Canada’s commodities also increases the demand for Canada’s currency relative to foreign 

currencies, which also results in a real Canadian dollar appreciation (Krugman & Obstfeld, 2012, 

pp. 320-353). 

It is possible that the strength in the commodity price-real exchange rate relationship is a 

result of the financialization of commodities and foreign exchange. Several commodities 

produced in Canada are indexed on world financial markets (Bank of Japan, 2012). US financial 

markets are sufficiently large to influence commodity markets; perhaps this is why we see the 

stronger relationship between the US dollar/Canadian dollar real exchange rate and commodity 

prices. It is also possible that Canada’s real exchange rate exhibits movements consistent with 

the adaptive and rational expectations (Muth, 1961) of investors. If investors believe that 

commodity prices and the Canadian real exchange rate are linked, and they see a real 

appreciation in the Canadian dollar, they can act on an arbitrage opportunity by selling the 

foreign currency or purchasing the Canadian dollar in hopes that further increases in value are 

imminent. The arbitrage opportunity results in an increase in relative demand for the Canadian 

dollar. 

Recent research after the global financial crisis also suggests that investor “flight to 

quality” plays a significant role in the volatility of foreign exchange markets. It is quite possible 

that, with all of the uncertainty in financial markets and in the overall economy, investors are 

seeking safe-haven currencies to shelter their funds. By the efficient market hypothesis, because 

large institutional investors are capable of engineering more sophisticated and rapid trade 

algorithms, markets can respond immediately to financial news. Markets essentially overreact to 

economic and financial news, resulting in large swings in asset prices and market corrections 
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caused by investors’ systematic errors (Bodie, Kane, Marcus, Perrakis, & Ryan, 2011, p. 297). 

Empirical extensions of the efficient market theory are consistent with the recent volatility in and 

run-up of commodity prices and the Canadian dollar.  

VII. Conclusion 

The dynamic model results indicate that the role of commodity price shocks in the 

variation of the Canadian real exchange rate depends on the currency pairing. Although the 

impact of a one standard deviation shock to commodity prices on the US dollar/Canadian dollar 

real exchange rate is relatively small, this commodity price shock is quite important in 

explaining the variation in this currency pair, as indicated by the forecast error variance 

decompositions. The variance decompositions for the later sample indicate that the commodity 

price shocks have an increasing importance in explaining the variation in the US dollar/Canadian 

dollar real exchange rate. The impact of the one-off commodity price shock on the UK 

pound/Canadian dollar exchange rate is also small over a 20-quarter horizon, as is evident in the 

full sample impulse response functions. The proportion of the variation in the UKP/CAD that 

these commodity prices shocks can explain is also quite small, even after 1991. The effect of 

commodity price shocks on the Japanese yen/Canadian dollar exchange rate is contradictory to 

the effect on the US dollar/Canadian dollar. It seems that the magnitude of these shocks on the 

JPY/CAD is relatively large, but the importance of these shocks in explaining the variation of the 

Japanese/Canadian real exchange rate is relatively small. 

This information may be of particular interest to the Bank of Canada or the central banks 

of countries that have strong trade relationships with Canada, since these institutions have the 

tools to manage currency fluctuations. The empirical research presented here models two sources 

of the variation in the Canadian real exchange rate: one from commodity price shocks and one 
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from all other shocks to the exchange rate present in the macroeconomy. If central banks can 

attribute exchange rate variation to certain fundamental shocks—ones that cannot be directly 

controlled—they can determine what proportion of the remaining variation is due to unknown 

factors. It is these unknown factors that may be cause for concern to central banks, and will 

influence the direction of policy development and implementation—specifically, foreign 

exchange intervention.  

This last statement also warrants a brief discussion regarding managed and floating 

nominal exchange rates. As Krugman and Obstfeld (2012, pp. 463-503) note, flexibility in a 

country’s nominal exchange rate permits the real exchange rate to respond to real economic 

shocks without large changes in the domestic and foreign price levels. Large fluctuations in the 

price level pose a threat to the overall economy by influencing peoples’ expectations. 

Understanding the behaviour in the real and nominal exchange rates is especially important to 

those countries that begin to develop their commodity export sectors, open their capital markets, 

and adopt floating exchange rate regimes. 

There is a range of possible extensions that can be made to the dynamic model presented 

here. One such extension is to separate energy and non-energy commodities to see which series 

exhibits a stronger relationship with Canada’s real exchange rate. Another extension may include 

a detailed analysis of the stability of this model. It is clear that the commodity price-Canadian 

dollar relationship has become stronger when comparing the forecast error variance 

decompositions for the full and later samples. If this relationship can change once, it is possible 

that it can change again. Revisiting Chen and Rogoff’s (2003) belief of a long-run cointegrating 

relationship between the Canadian dollar and commodity prices using the updated sample of data 

may also serve as a useful contribution to the empirical exchange rate and econometric literature.  
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Since the present research only seeks to test the effect of commodity price shocks on the 

variation in the Canadian dollar against the currencies of the US, UK, and Japan, future 

researchers may wish to identify other bilateral exchange rates that have a particular economic 

relevance with respect to trade relationships. For example, one may wish to model the 

relationship between commodity prices and the Australian and Canadian dollar exchange rate 

since Australia is also a large exporter of commodities. If the data became available, estimating 

the relationship using the Chinese currency (contingent on it being a floating exchange rate) 

would also provide some interesting insight into the dynamics of emerging economy real 

exchange rates. It is evident that there is much to be learned about these so called “commodity 

currencies.” Empirical international economists should seek to confirm that the conclusions 

derived from this analysis still hold as the world financial markets become more interconnected 

from globalization and international trade. 
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Appendix 

A. Later Sample Impulse Response Function Graphs 

 
Figure 8: Later sample (1991Q1 – 2012Q2) real commodity prices impulse response function. The figure plots the percentage change 

in commodity prices over a 20-quarter horizon due to the positive one standard deviation shock (a 6.5% change) to commodity prices 

in period 0. Vertical axis values are percentage changes in decimal form; horizontal axis values express time in quarters. The gray area 

shows the 95% confidence interval band, or approximately two standard errors. 

 

         Quarter 

 

Figure 9: Later sample (1991Q1 – 2012Q2) US/Canadian dollar real exchange rate impulse response function. The graph to the left 

plots the percentage change in the US dollar/Canadian dollar real exchange rate over a 20-quarter horizon due to real exchange rate 

shocks in the economy; the graph to the right plots the percentage change in the US dollar/Canadian dollar real exchange rate over a 

20-quarter horizon due to the positive one standard deviation shock (a 6.5% change) to commodity prices in period 0. Vertical axis 

values are percentage changes in decimal form; horizontal axis values express time in quarters. The gray area shows the 95% 

confidence interval band, or approximately two standard errors. 
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         Quarter 

 

Figure 10: Later sample (1991Q1 – 2012Q2) UK pound/Canadian dollar real exchange rate impulse response function. The graph to 

the left plots the percentage change in the UK pound/Canadian dollar real exchange rate over a 20-quarter horizon due to real 

exchange rate shocks in the economy; the graph to the right plots the percentage change in the UK pound/Canadian dollar real 

exchange rate over a 20-quarter horizon due to the positive one standard deviation shock (a 6.5% change) to commodity prices in 

period 0. Vertical axis values are percentage changes in decimal form; horizontal axis values express time in quarters. The gray area 

shows the 95% confidence interval band, or approximately two standard errors. 

 

 

          Quarter 

 

Figure 11: Later sample (1991Q1 – 2012Q2) Japanese yen/Canadian dollar real exchange rate impulse response function. The graph 

to the left plots the percentage change in the Japanese yen/Canadian dollar real exchange rate over a 20-quarter horizon due to real 

exchange rate shocks in the economy; the graph to the right plots the percentage change in the Japanese yen/Canadian dollar real 

exchange rate over a 20-quarter horizon due to the positive one standard deviation shock (a 6.5% change) to commodity prices in 

period 0. Vertical axis values are percentage changes in decimal form; horizontal axis values express time in quarters. The gray area 

shows the 95% confidence interval band, or approximately two standard errors. 
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Given that this research uses historical commodity price and exchange rate data, the 

underlying model may contain some specification issues. First, the disturbances of the estimated 

dynamic system assume the classical assumptions of normality. They should not be 

autocorrelated and should be independent and identically distributed random variables. Second, 

the time series processes need to be absent a unit root if the results are to be used for statistical 

inference. As such, a number of robustness checks are conducted: tests for autocorrelation and 

normality in the SVAR residuals and tests for the presence of unit roots in each of the 

commodity price and exchange rate series. The following tables report the tests on the full 

sample and later sample periods. 

B. Tests for Autocorrelated SVAR Residuals 

 
Table 10 - Lagrange-multiplier test for autocorrelated residuals: Full Sample (1973Q1 - 2012Q2) 

Currency Lag order χ2 dof Prob. > χ2     

US Dollar 1 6.153 4 0.188     

 2 9.239 4 0.055     

 3 11.494 4 0.022     

 4 3.180 4 0.528     

UK Pound 1 6.819 4 0.146     

 2 5.554 4 0.235     

 3 5.641 4 0.228     

 4 5.489 4 0.241     

Japanese Yen 1 7.012 4 0.135     

 2 4.363 4 0.359     

 3 10.304 4 0.036     

 4 3.984 4 0.408     

H0: No autocorrelation at lag order 
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Table 11 - Lagrange-multiplier test for autocorrelated residuals: Later Sample (1991Q1 - 2012Q2) 

Currency Lag order χ2 dof Prob. > χ2     

US Dollar 1 7.544 4 0.110     

 2 5.834 4 0.212     

 3 12.910 4 0.012     

 4 1.982 4 0.739     

UK Pound 1 2.459 4 0.652     

 2 3.503 4 0.477     

 3 1.989 4 0.738     

 4 1.341 4 0.854     

Japanese Yen 1 2.895 4 0.576     

 2 4.408 4 0.354     

 3 8.184 4 0.085     

 4 3.137 4 0.535     

H0: No autocorrelation at lag order 

 

Similar to the single equation regressions found in Tables 3-5 for, the dynamic model is 

also testable for autocorrelation in the residuals at different lag orders. Table 10 reports the full 

sample Lagrange multiplier tests for autocorrelated residuals in each of the three exchange rates. 

For the US dollar moel, we cannot reject the null hypothesis that there is no autocorrelation in 

the residuals for lag orders 1 and 4. However, we reject the null of no autocorrelation at lag 

orders 2 and 3 at the usual statistical levels. For the Japanese yen model, we cannot reject the 

null of no autocorrelation for lag order three. This result hints that these models may be 

misspecified. The UK dollar model fails to reject the null of no autocorrelation at all lag orders, 

which does not indicate model misspecification. The p-values in Table 11 for the later sample 

tests indicate that the US dollar and Japanese yen models may be misspecified.  
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C. Tests for Normality in SVAR Residuals 

 
Table 12 - Normality of the SVAR disturbance terms: Full Sample (1973Q1 - 2012Q2) 

Variables 

Jarque-Bera test   Skewness test   Kurtosis test 

dof χ2 Prob. > χ2   dof Skewness χ2 Prob. > χ2   Kurtosis χ2 Prob. > χ2 

Real commodity prices 2 569.035 0 

 

1 -1.364 47.717 0 

 

12.014 521.317 0 

             USD/CAD RER 2 3.144 0.208 

 

1 0.183 0.857 0.355 

 

3.597 2.288 0.130 

Joint test 4 572.179 0 

 

2 

 

48.574 0 

  

523.605 0 

             UKP/CAD RER 2 3.029 0.220 

 

1 -0.008 0.001 0.969 

 

3.687 3.028 0.082 

Joint test 4 572.064 0 

 

2 

 

47.719 0 

  

524.345 0 

             JPY/CAD RER 2 4.432 0.109 

 

1 -0.377 3.656 0.056 

 

3.348 0.776 0.378 

Joint test 4 573.466 0   2   51.373 0     522.093 0 

H0: Disturbances in SVAR are normally distributed 

 

 
Table 13 - Normality of the SVAR disturbance terms: Later Sample (1991Q1 - 2012Q2) 

Variables 

Jarque-Bera test   Skewness test   Kurtosis test 

dof χ2 Prob. > χ2   dof Skewness χ2 Prob. > χ2   Kurtosis χ2 Prob. > χ2 

Real commodity prices 2 114.498 0 

 

1 -0.937 12.58 0 

 

8.333 101.918 0 

             USD/CAD RER 2 3.919 0.141 

 

1 0.490 3.446 0.063 

 

3.363 0.472 0.492 

Joint test 4 118.416 0 

 

2 

 

16.027 0 

  

102.39 0 

             UKP/CAD RER 2 8.757 0.013 

 

1 0.442 2.802 0.094 

 

4.289 5.955 0.015 

Joint test 4 123.255 0 

 

2 

 

15.382 0 

  

107.872 0 

             JPY/CAD RER 2 11.603 0.003 

 

1 -0.485 3.367 0.067 

 

4.516 8.236 0.004 

Joint test 4 126.101 0   2   15.947 0     110.154 0 

H0: Disturbances in SVAR are normally distributed 
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The empirical model section of this paper outlines some of the assumptions made on the 

structural vector autoregression. One of these assumptions is that the disturbance terms are 

normally distributed. Three statistics are computed for each equation in the dynamic model: the 

Jarque-Bera statistics, a skewness statistic, and a kurtosis statistic. These three statistics are also 

reported for all equations jointly. The Jarque-Bera statistic combines the chi-squared values from 

the skewness and kurtosis statistics. Based on the Jarque-Bera test results from Table 12, we 

strongly reject the null hypothesis of normally distributed disturbance terms for commodity 

prices and each joint test. However, we fail to reject the null of normally distributed disturbance 

terms for the exchange rate series. The skewness and kurtosis tests draw the same conclusions. 

These tests indicate that the one standard deviation shock to commodity price shocks used in the 

impulse response functions is drawn from a non-normal distribution. The implication of this is 

that we cannot say with 95% confidence that these shocks in the sample data are within two 

standard deviations. 

The test results from the later sample, reported in Table 13, are consistent with the results 

from the full sample, save for the UK pound/Canadian dollar and Japanese yen/Canadian dollar 

models. It seems that these two exchange rates contribute, along with the commodity prices, to 

the non-normality properties of the model. This is evident in the Jarque-Bera tests and the other 

two tests that show the skewness and kurtosis of these real exchange rates.  
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D. Tests for Unit Roots in Individual Series 

 

Table 14 - Augmented Dickey-Fuller Test for Unit Root: Full Sample (1973Q1 - 2012Q2) 

Number of Observations = 157 

 

     

Series 

Test 

Statistic 

Z(t) 

MacKinnon 

approximate 

p-value for 

Z(t) 

1% 

Critical 

Value 

5% 

Critical 

Value 

10% 

Critical 

Value 

Logged Real Commodity Prices -1.491 0.5381 

-3.491 -2.886 -2.576 
Logged US/Canada Real Exchange Rate -1.321 0.6193 

Logged UK/Canada Real Exchange Rate -2.091 0.2481 

Logged Japan/Canada Real Exchange Rate -2.167 0.2185 

H0: The variable has a unit root; there is no drift 
 

Table 15 - Augmented Dickey-Fuller Test for Unit Root: Later Sample (1991Q1 - 2012Q2) 
Number of Observations = 86 

 

     

Series 

Test 

Statistic 

Z(t) 

MacKinnon 

approximate 

p-value for 

Z(t) 

1% 

Critical 

Value 

5% 

Critical 

Value 

10% 

Critical 

Value 

Logged Real Commodity Prices -1.325 0.6179 

-3.530 -2.901 -2.586 
Logged US/Canada Real Exchange Rate -0.963 0.7665 

Logged UK/Canada Real Exchange Rate -0.812 0.8157 

Logged Japan/Canada Real Exchange Rate -1.364 0.5995 

H0: The variable has a unit root; there is no drift 
 

  



45 

The Augmented Dickey-Fuller test can be applied to four different cases to test for the 

presence of a unit root process in the time series, or equivalently, a random walk (Hamilton, 

1994, pp. 528-529). Tables 14 and 15 report the case of a random walk with a constant term and 

without drift. This just means that the test excludes a drift term, or trend, in the underlying 

process. The test is carried out for the remaining three cases, but the results were quite similar to 

the ones reported above. It should be noted that the t-statistics used to test the null hypothesis do 

not follow a standard distribution. Hence, these tables report approximated p-values. Based on 

the large p-values and the test-statistics being larger than the critical values in the full sample and 

later sample Dickey-Fuller tests, we cannot reject the null that the variable has a unit root. This is 

why a linear and quadratic trend is included in both the single-equation and dynamic system 

estimations in this paper. It is important to control for the unit root process with these exogenous 

trend variables to avoid spurious regressions.  
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E. Lag-Length Selection 

 
Table 16 - Lag Length Selection: Full Sample (1973Q1 - 2012Q2) 

Number of observations = 86 

 

Model 
Lag 

length (p) 

Log 

likelihood 

Likelihood 

ratio  
dof P-value FPE 

 
AIC 

 
HQIC 

 
SBIC 

 USD/CAD 0 229.753 

    

1.74E-04 

 

-2.983 

 

-2.934 

 

-2.863 

 

 

1 561.933 664.360 

 

4 0.000 2.20E-06 

 

-7.359 

 

-7.278 

 

-7.158 

 

 

2 581.481 39.097 

 

4 0.000 1.80E-06 

 

-7.566 

 

-7.452 

 

-7.285 * 

 

3 590.350 17.738 

 

4 0.001 1.70E-06 

 

-7.631 

 

-7.485 * -7.270 

 

 

4 596.431 12.162 * 4 0.016 1.60E-06 * -7.659 * -7.480 

 

-7.218 

 

 

5 598.768 4.675 

 

4 0.322 1.70E-06 

 

-7.637 

 

-7.425 

 

-7.115 

 

 

6 601.988 6.439 

 

4 0.169 1.70E-06 

 

-7.627 

 

-7.382 

 

-7.024 

 

 

7 604.405 4.835 

 

4 0.305 1.70E-06 

 

-7.605 

 

-7.328 

 

-6.923 

 

 

8 606.654 4.497 

 

4 0.343 1.80E-06 

 

-7.582 

 

-7.272 

 

-6.819 

 UKP/CAD 0 177.337 

    

3.49E-04 

 

-2.285 

 

-2.236 

 

-2.164 

 

 

1 455.389 556.100 

 

4 0.000 9.00E-06 

 

-5.939 

 

-5.857 

 

-5.738 

 

 

2 472.941 35.106 

 

4 0.000 7.50E-06 

 

-6.119 

 

-6.005 * -5.838 * 

 

3 477.525 9.167 

 

4 0.057 7.50E-06 

 

-6.127 

 

-5.980 

 

-5.766 

 

 

4 482.814 10.579 * 4 0.032 7.40E-06 

 

-6.144 

 

-5.965 

 

-5.703 

 

 

5 487.250 8.872 

 

4 0.064 7.30E-06 * -6.150 * -5.938 

 

-5.628 

 

 

6 490.438 6.376 

 

4 0.173 7.40E-06 

 

-6.139 

 

-5.895 

 

-5.537 

 

 

7 492.704 4.531 

 

4 0.339 7.60E-06 

 

-6.116 

 

-5.839 

 

-5.434 

 

 

8 496.041 6.674 

 

4 0.154 7.70E-06 

 

-6.107 

 

-5.797 

 

-5.345 

 JPY/CAD 0 157.864 

    

4.53E-04 

 

-2.025 

 

-1.976 

 

-1.904 

 

 

1 432.182 548.640 

 

4 0.000 1.20E-05 

 

-5.629 

 

-5.548 

 

-5.428 

 

 

2 451.151 37.937 

 

4 0.000 1.00E-05 

 

-5.829 

 

-5.715 

 

-5.548 * 

 

3 458.265 14.228 

 

4 0.007 9.70E-06 

 

-5.870 

 

-5.723 

 

-5.509 

 

 

4 466.378 16.226 * 4 0.003 9.20E-06 

 

-5.925 

 

-5.746 * -5.483 

 

 

5 470.554 8.353 

 

4 0.079 9.10E-06 * -5.927 * -5.715 

 

-5.406 

 

 

6 470.618 0.127 

 

4 0.998 9.60E-06 

 

-5.875 

 

-5.630 

 

-5.273 

 

 

7 471.977 2.718 

 

4 0.606 1.00E-05 

 

-5.840 

 

-5.562 

 

-5.157 

 

 

8 472.931 1.909 

 

4 0.752 1.00E-05 

 

-5.799 

 

-5.489 

 

-5.036 

 H0: All coefficients on the p
th

 lags of the endogenous variables are zero 
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Table 17 - Lag Length Selection: Later Sample (1991Q1 - 2012Q2) 

Number of observations = 86 

 

Model 
Lag 

length (p) 

Log 

likelihood 

Likelihood 

ratio  
dof P-value FPE 

 
AIC 

 
HQIC 

 
SBIC 

 USD/CAD 0 199.764 

    

3.80E-05 

 

-4.506 

 

-4.437 

 

-4.335 

 

 

1 302.567 205.610 

 

4 0.000 3.80E-06 

 

-6.804 

 

-6.689 

 

-6.518 

 

 

2 318.988 32.844 

 

4 0.000 2.90E-06 * -7.093 * -6.932 * -6.693 * 

 

3 322.394 6.812 

 

4 0.146 2.90E-06 

 

-7.079 

 

-6.872 

 

-6.565 

 

 

4 325.625 6.461 

 

4 0.167 2.90E-06 

 

-7.061 

 

-6.808 

 

-6.433 

 

 

5 327.381 3.513 

 

4 0.476 3.10E-06 

 

-7.009 

 

-6.710 

 

-6.267 

 

 

6 333.290 11.817 * 4 0.019 3.00E-06 

 

-7.053 

 

-6.709 

 

-6.197 

 

 

7 336.325 6.071 

 

4 0.194 3.10E-06 

 

-7.031 

 

-6.640 

 

-6.061 

 

 

8 337.227 1.802 

 

4 0.772 3.30E-06 

 

-6.959 

 

-6.522 

 

-5.874 

 UKP/CAD 0 182.580 

    

5.60E-05 

 

-4.107 

 

-4.038 

 

-3.935 

 

 

1 268.936 172.710 

 

4 0.000 8.30E-06 

 

-6.022 

 

-5.907 

 

-5.736 

 

 

2 287.091 36.310 

 

4 0.000 6.00E-06 

 

-6.351 

 

-6.190 * -5.951 * 

 

3 292.127 10.072 

 

4 0.039 5.80E-06 

 

-6.375 

 

-6.168 

 

-5.861 

 

 

4 297.292 10.330 * 4 0.035 5.70E-06 * -6.402 * -6.149 

 

-5.774 

 

 

5 298.546 2.509 

 

4 0.643 6.10E-06 

 

-6.338 

 

-6.040 

 

-5.596 

 

 

6 299.548 2.004 

 

4 0.735 6.50E-06 

 

-6.269 

 

-5.924 

 

-5.412 

 

 

7 300.255 1.413 

 

4 0.842 7.10E-06 

 

-6.192 

 

-5.801 

 

-5.222 

 

 

8 304.314 8.117 

 

4 0.087 7.10E-06 

 

-6.193 

 

-5.757 

 

-5.109 

 JPY/CAD 0 100.195 

    

3.83E-04 

 

-2.191 

 

-2.122 

 

-2.019 

 

 

1 233.313 266.240 

 

4 0.000 1.90E-05 

 

-5.193 

 

-5.078 

 

-4.908 

 

 

2 246.976 27.325 

 

4 0.000 1.50E-05 

 

-5.418 

 

-5.257 

 

-5.018 * 

 

3 253.239 12.527 

 

4 0.014 1.40E-05 

 

-5.471 

 

-5.264 * -4.957 

 

 

4 258.458 10.439 * 4 0.034 1.40E-05 * -5.499 * -5.246 

 

-4.871 

 

 

5 261.007 5.097 

 

4 0.278 1.50E-05 

 

-5.465 

 

-5.167 

 

-4.723 

 

 

6 262.707 3.400 

 

4 0.493 1.50E-05 

 

-5.412 

 

-5.067 

 

-4.556 

 

 

7 264.291 3.168 

 

4 0.530 1.60E-05 

 

-5.356 

 

-4.965 

 

-4.385 

 

 

8 265.630 2.680 

 

4 0.613 1.70E-05 

 

-5.294 

 

-4.857 

 

-4.209 

 H0: All coefficients on the p
th

 lags of the endogenous variables are zero 
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Tables 16 and 17 report the selection order criteria for the dynamic model. One must 

choose the lag order to include in the structural vector autoregression for each of the endogenous 

variables (commodity prices and Canadian real exchange rates). The likelihood ratio (LR) 

compares the SVAR with eight lags with the one with seven lags, the SVAR with seven lags 

with the one with six lags, and so on. As it proceeds up the table, the test chooses the model and 

lag order with the first indication of all coefficients on the lagged variables being equal to zero. 

The full sample LR test selects four lags of the variables for each of the three exchange rate 

models. This lag order is used in the empirical analysis to this paper.  

The remaining four tests—the final prediction error (FPE), Akaike’s information criterion 

(AIC), Schwarz’s Bayesian information criterion (SBIC), and the Hannan and Quinn information 

criterion (HQIC)—are somewhat consistent with the LR test. These information criteria select 

the lag with the smallest value. They select a model specified with two to four lags of the 

endogenous variables. However, since the data in this paper are quarterly, it is more practical to 

use four lags so that the results can be interpreted over a one-year horizon. With the exception of 

the US dollar/Canadian dollar model, the later sample selection order criteria specify an optimal 

lag order of four.  
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