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Abstract

The slump of the Canadian Dollar against the U.S. Dollar over the
last years has led many observers to speculate that the Canadian Dol-
lar is in secular decline, prompting demands for a U.S.-dollarization
or even a common currency for North America. However, there is
no robust empirical evidence to support the notion of a ‘secular’ de-
cline. An econometric model of the nominal USD/CAD exchange rate
finds instead that the purchasing-power-parity adjustment mechanism
is alive and well, but that the Canadian Dollar remains sensitive to
commodity-price shocks. Recent years have also witnessed a startling
increase in the volatility of the Canadian Dollar. This paper shows that
this increase in volatility can be linked to an increase in the volume of
cross-border capital flows. There is also an asymmetry through which
“bad news” about the Canadian Dollar (i.e., depreciation shocks) lead
to larger innovations to volatility than good news, and there is evi-
dence that volatility persistence has increased in the 1990s relative to
earlier decades.
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Figure 1: USD/CAD Exchange Rate 1973-present
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1 Introduction

The second half of 2001 has seen the Canadian Dollar plummet to unprece-
dented lows. This has alarmed many economic observers, some of whom
are already predicting the 50-cent Dollar. In particular, some have argued
that the Dollar is in ‘secular’ decline. The red line in figure 1 illustrates
the movement of the Canadian Dollar (CAD) against the U.S.-Dollar (USD)
over the last three decades, and the visual impression appears to indicate a
continuous downward trend since 1973 that was interrupted only by a par-
tial recovery between 1986 and 1991. The use of the adjective secular (which
means lasting for or occurring over an indefinitely long time) suggests that
some economic observers fear that the decline is irreversible and should
be halted through corrective actions. The proposition of a secular decline
indicates a belief that the conventional long-term adjustment mechanism,
purchasing power parity, has somehow disappeared or has been rendered
ineffective.1

To provide some perspective, the bandwidth of almost 40% in which the
Canadian Dollar has moved against the U.S. Dollar during the last three
decades is not necessarily extraordinary. By comparison, since its inception

1A more compelling version of the secular decline argument would refer to a decline
in the purchasing power parity itself, which in turn reflects differences in inflation as well
as differences in productivity. The decline in the nominal USD/CAD exchange rate is fre-
quently taken as prima facie evidence of a widening Canada-US productivity gap. This gap
must become visible in the purchasing power parity, but the corresponding blue line in
figure 1 certainly does not suggest any secular decline.
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in January 1999 the European Euro has dropped from USD 1.19 to USD 0.83
by the end of October 2000, a decline of over 40% in less than two years.
Yet, this has apparently not raised too many concerns in Europe as pegging
the USD/EUR exchange rate is nowhere near the top of the agenda of the
European Central Bank in Frankfurt or the Federal Reserve Board in Wash-
ington.

The fall in the Canadian Dollar has also revived the debate over the fu-
ture of the Canadian Dollar. Most vocally, Courchene and Harris (1999)
and Courchene (2001) have been considering the menu of options for fixing
the USD/CAD exchange rate, and argue for a unilateral U.S.-dollarization.
Others, such as Grubel (1999), have advanced the idea of monetary union
in North America.

The first objective of this paper is to investigate empirically if there is
evidence for a secular decline, or if there is evidence for “mean reversion”
to purchasing power parity. I investigate this question with a simple yet in-
sightful regression model of the nominal USD/CAD exchange rate, adapted
from Amano and van Norden (1995) and Murray (1999), and extended to al-
low for a reversion to purchasing power parity.

The last years have not only seen a decline of the USD/CAD exchange
rate but also a noticeable increase in the exchange rate’s volatility. Thus
the second objective of this paper is to identify the causes of this increased
volatility. In particular, I investigate the links between volatility and cross-
border capital flows based on quarterly data, and I identify the short-term
effect of news on volatility using daily and weekly data.

While this paper does not introduce new methodology or theory, its
empirical findings nevertheless shed interesting light on the current pol-
icy debate over the currency regime for the Canadian Dollar. This paper
also raises concerns about the recent increase in exchange rate volatility,
as higher volatility increases the cost of doing business for Canadian ex-
porters and importers. While the decline of the USD/CAD tends to benefit
exporters and hurt importers, the increased volatility tends to hurt both.

2 Exchange Rate Determination

Amano and van Norden (1995) have proposed a simple empirical model
which tracks the USD/CAD rate quite well. They regress the log change in
the real USD/CAD rate (i.e., the exchange rate “innovation”) on the log of
energy and non-energy commodity prices. Murray (1999) reports a slightly
modified version of this model which contains a real interest rate differen-
tial. He reports that this is a benchmark model used by internal studies
within the Bank of Canada. An updated version of this model appears in
a recent conference paper by Djoudad et al. (2001). This simple model ex-
plains about 25% of the variation in the USD/CAD rate innovation. While
these authors study real exchange rate behaviour, I apply their model to
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nominal exchange movements.
In what follows I denote by Xt the exchange rate of the Canadian Dollar

in period t, expressed in U.S. Dollars per 1 Canadian Dollar, and use the
log-transform xt ≡ ln(Xt) throughout for the statistical analysis.2 I employ
quarterly data for the first part of the statistical analysis. This choice is in
part governed by data availability limitations, such as for GDP. Going back
to the early 1970’s (when the CAD was floated) provides just under 120
data points. Nevertheless, I will also investigate short-term movements in
volatility using daily and weekly exchange rate data.

The starting point for my analysis is the empirical framework discussed
in Baillie and McMahon (1989, ch. 8) and Isard (1995, ch. 8) in connection
with the model introduced by Amano and van Norden (1995). Much of the
existing literature points to the observation that exchange rate movements
are highly autoregressive. More concisely, empirically it is difficult to reject
the hypothesis that exchange rates are integrated of order one, denoted by
I(1). This means that taking first differences produces a stationary process
that can be estimated using conventional estimation techniques. Using the
assumption of I(1) integration, the exchange rate movement is expressed as
the innovation from period t−1 to t, which suggests an estimating equation

∆xt ≡ xt − xt−1 = Ztb + εt (1)

where Zt is a matrix of regressors, b is a vector of parameters, and εt is an
estimation error. For quarterly data I assume that εt ∼ N(0, σ2), but in the
analysis of daily data I consider conditional variances σ2

t that are functions
of past observables.

2.1 Inertia

Perhaps the most striking feature of nominal exchange rate movements is
their tendency to overshoot so that adjustments to an equilibrium from one
side miss the target and swing to the other side of the equilibrium. This
overshooting tendency is the result of persistence of trends. Empirically,
this persistence can be described as an auto-regressive process of order p:

∆xt =
p∑
s=1

δs∆xt−s (2)

The estimates of δs identify the adjustment path to an innovation, i.e., an ex-
ogenous shock to the exchange rate. The estimate can then be used to com-
pute an impulse response function.3 In what follows I use p = 4 lags; higher
orders are not significant statistically. Using an AR(4) process to model the

2The financial economics literature on exchange rates conventionally uses the log-
transform of a price, as this avoids the Siegel paradox; see Baillie and McMahon (1989,
p. 164).

3See, for example, Greene (1997, pp. 817-19).
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behaviour of the USD/CAD exchange rate reveals that reactions to an inno-
vations are not smooth but follow a wave pattern with a frequency of three
quarters.

2.2 Purchasing Power Parity

Perhaps the oldest explanation of the determination of exchange rates fo-
cuses on differences in national price levels. In 1918 Gustav Cassel coined
the term purchasing power parity (PPP) to describe the notion that the level
of exchange rates should be linked to the relative purchasing power of na-
tional monetary units.

In its simplest form, absolute purchasing power parity (PPP) suggests
that the nominal exchange rate is equal to the ratio of foreign to domestic
prices. Deviations from PPP trigger adjustments through goods arbitrage,
making an undervalued currency appreciate, and an overvalued currency
depreciate. In recent years the concept of PPP has been popularized by The
Economist magazine’s Big Mac Index which compares the prices of a Mc-
Donald’s Big Mac in countries around the world. According to this very
simple index, the implied purchasing power parity in April 2001 was about
0.76 USD per 1 CAD, suggesting that the CAD is undervalued.4 The arbi-
trage process envisioned by PPP is not hypothetical. There is plenty of anec-
dotal evidence of cross-border shopping. Only ten years ago, large num-
ber of Torontonians made the short trip to Buffalo to buy goods that were
cheaper south of the border. In recent years the direction of cross-border
shopping has reversed as Canada has become a source of cheap goods for
U.S.-Americans.

The blue line in figure 1 indicates the level of purchasing power parity as
determined by the OECD.5 According to these numbers, the Canadian Dol-
lar started out overvalued in the 1970s, became briefly undervalued in the
mid 1980s, and was again somewhat overvalued in the late 1980s and early
1990s. Since about 1993 the Canadian Dollar appears to be undervalued,
and at present the PPP gap has increased to about 25%.

What is the evidence for PPP adjustments? PPP is rejected empirically
in random-walk studies of short-term exchange rate movements of major
currencies. Nevertheless, PPP is a viable proposition for long-run move-
ments of exchange rates, as well as short-term movements where inflation
differentials between countries are large. Empirical evidence for long-term

4There are three main objections against absolute PPP. Isard (1995) points out that for
absolute PPP to hold perfectly, (i) each tradeable good must obey the “law of one price,”
(ii) factor price equalization brings about the equalization of prices of nontradeable goods,
and (iii) each good receives identical weights in the aggregate price index of the two coun-
tries. These problems led to numerous modifications to PPP, first and foremost a relative
(and weaker) form of PPP in which the change in nominal exchange rates is equal to the
difference in (expected) foreign and domestic inflation rates.

5See the data appendix for a description of this data source.
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PPP adjustments have been found by a number of authors by using multi-
decade longitudinal studies of individual currency pairs as well as shorter-
period multi-country studies. Surveys and discussions of the theoretical
and empirical evidence can be found in Taylor (1995) and Rogoff (1996).

Rogoff (1996) coined the term “Purchasing Power Parity Puzzle” to de-
scribe the problem of reconciling the extremely high short-term volatility
of exchange rates with the glacial rate at which deviations from PPP fade
out. He attributes the puzzling persistence of PPP deviations to frictions in
goods markets and international trade, and concludes that “there is a large
buffer within which nominal exchange rates can move without producing
an immediate proportional response in relative domestic prices.”

To identify the existence of PPP adjustment in the USD/CAD exchange
rate, I estimate the following process

∆xt = α + β [x̄− xt−1] + εt (3)

where x̄ denotes the purchasing power parity level. This is an absolute form
of PPP. The term in square brackets on the right hand side measures the
deviation from PPP. The parameter β identifies the adjustment speed of the
PPP process, and must be positive and significant to indicate the presence
of PPP.6

Parameter β can also be expressed in terms of the adjustment time
needed to close one-half of the PPP gap. It can be shown that to close a
fraction ρ ∈ [0, 1[ of the PPP gap it takes

Tρ =
ln(1− ρ)

ln(1− β)
(4)

time periods.7 From (4) it can be seen that the smaller the β, the longer the
adjustment takes.

Equation (3) assumes that the adjustment speed β is a linear function of
the deviation κ ≡ x̄ − xt−1 from the parity x̄. In the presence of transaction
costs this need not be true. When transaction costs are sufficiently large,
goods arbitrage will not commence until the deviation is sufficiently large.
Following Rogoff’s (1996) suggestion, PPP reversion may be faster when
the deviation from PPP is large, and PPP reversion may be slower when the
deviation from PPP is small. I test for this type of non-linearity by replacing
the linear term κ with a sign-preserved square term sgn(κ)κ2 that captures
the idea that the adjustment speed increases with the PPP gap κ.

6In principle, parameter α should be statistically indistinguishable from zero for abso-
lute PPP to hold. However, such a statistical test would require very long time series.

7To obtain this expression, integrate xT −x0 =
[
1− (1− β)T

]
[x̄− x0] over time periods

t = 0, .., T . Set ρ = 1 − (1 − β)T and solve this expression for T . Using the standard
error σ{β} of the estimated β parameter, it is also possible to obtain a standard error σ{Tρ}
on the estimate of Tρ using the Delta method, described in Greene (1997, p. 105). Thus,
σ{Tρ} = Tρσ{β}/[(β − 1) ln(1− β)].
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In addition to absolute PPP, the weaker concept of relative PPP can be
tested as well. According to relative PPP, the nominal exchange rate inno-
vation should equal the difference in expected inflation levels between the
United States and Canada. Formally, ∆xt = πUS

e − πCA
e , where πe denotes

expected inflation rates. I return to relative PPP in the next section.

2.3 Structural Determinants vs. News

There is a long literature on the study of news with regard to exchange rate
movements, albeit not volatility. Frenkel (1981) points out that “the key
factor affecting exchange rates has been news.” News in this context is the
unanticipated component of an innovation in the exchange rate from one
period to the next. In other words, news are surprises. But how can one
account for “news” empirically?8

Below I introduce a number of economic variables as regressors. There
are two motivations for using these regressors. First, they can reflect theo-
retical insights into exchange rate movements such as PPP or interest rate
parity. Second, these regressors reflect “news” that market participants pro-
cess and react to. Since these regressors capture market responses, market
participants may interpret these signals differently than suggested by eco-
nomic theory, at least in the short run.

If changes in economic variables are treated as market signals, they are
not merely measurements of changes in economic activity. What these re-
gressors measure is how the market responds to news—and induce changes
in economic activity. As Hopper (1997) puts it, “it is possible that news about
[economic] fundamentals affects the exchange rate even if the fundamentals
themselves don’t influence the exchange rate in the manner suggested by
[...] exchange rate models.” Quite conceivably, markets may pay greater
attention to different economic issues at different times, and thus may over-
react or underreact to particular news items. As focus shifts over time, the
size of the response may also change.

Traditional economic research has focused on a number of determining
factors other than relative price levels. First and foremost, interest rate dif-
ferentials to the United States will have a short-term impact as investors
adjust their portfolios. However, the change also carries “news” about per-
ceived changes in other areas of the economy, or a shift in the Bank of
Canada’s overall monetary policy. As markets react, there will be direct and
(delayed) indirect responses in the real economy, which in turn influence
the exchange rates. Such real-sector effects will typically take several quar-
ters to fully percolate through the economy. Their effect is what shows up,

8A direct method is to construct a weighted index of the residuals of economic fac-
tors influencing exchange rate movements and their expected values. This “news index”
is then entered into a regression equation predicting the exchange rate innovation. The
conclusions from related empirical studies is rather mixed (Baillie 1989, p. 201ff.).
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essentially, in the inertia terms in the estimating equation, while the instan-
taneous effect captured by the regressor incorporates this regressors “own”
effect as well as anything that the market believes this variable ties into.
This proxy effect of the regressors may in some cases explain unusual size
or direction, or the parameters’s instability over time. In practical terms, let
ict denote country c’s nominal interest rate, with percentage interest rates qt
converted to logarithmic form using the transformation it = ln(1 + qt/100).
I enter the nominal interest rate difference between Canada and the United
States iCA

t−1 − iUS
t−1 as a regressor into the estimating equation.

In a similar fashion I enter a measure of relative purchasing power par-
ity, the difference in inflation rates πCA

t−1−πUS
t−1 (where πt = ln(Pt)− ln(Pt−1) is

the quarter-to-quarter log change in the price level). The observed inflation
differential is, of course, a proxy for the (unobservable) expected inflation
differential suggested by economic theory. Entered in this form, higher in-
flation in the United States than in Canada should lead to a depreciation of
the USD/CAD exchange rates. Observed inflation is not necessarily a good
proxy for inflation expectations. As an alternative, I also consider the dif-
ference in money growth mCA

t−1 −mUS
t−1 (where mt = ln(Mt)− ln(Mt−1) is the

quarter-to-quarter log change in the monetary aggregate M2).
Lastly, I also enter the Canada-U.S. difference in the nominal (seasonally

adjusted) GDP growth rate gCA
t−1 − gUS

t−1 (where gt = ln(GDPt) − ln(GDPt−1).
GDP’s effect on exchange rates is only indirect. GDP changes influence the
demand for imports, and thus have an immediate effect on currency de-
mand and exchange rates. However, GDP changes may also signal other
things: improvement in overall economic outlook and investment climate,
for example, that would in turn stimulate capital inflows. While an eco-
nomic theory interpretation would thus favour a negative sign on the esti-
mate of gCA

t−1 − gUS
t−1, the news interpretation would favour a positive sign.

The path of the interest rate and growth rate differentials is shown in fig-
ure 3. Growth rate differentials have been rather small compared to the in-
terest rate differentials. Nominal interest rates were substantially higher in
Canada than the United States for the greater part of the last three decades,
but have fallen to virtually zero since the beginning of the 1990’s. Since
inflation differentials were relatively small, the implied difference in real
interest rates implied a positive risk premium on the CAD.

2.4 Commodity Prices and the Political Economy

An often advanced argument is that the USD/CAD exchange rate is influ-
enced by commodity price shocks because of Canada’s larger relative size
of the natural resource sector. As is depicted in figure 2, the composition of
Canada’s exports has undergone noticeable changes in recent decades, with
the natural resource sector declining in importance. In 2001 it accounted
for about a 30% of all exports, down from 50% in early 1970’s. To allow
for commodity price shocks, I enter the log price of oil and the log price
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Figure 2: Sectoral Composition of Canadian-Produced Exports
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Figure 3: Nominal CA-US Interest & Growth Rate Differentials
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of gold (expressed in USD) as rough-and-ready price index proxies for the
commodity sector.

A political economy hypothesis that is sometimes advanced has it that
liberal governments favour a weak Dollar, while conservative governments
favour a strong Dollar. The relevant policy instrument is of course the Bank
of Canada’s ability to set interest rates. However, the Bank has gained a
large degree of autonomy over the last decade, and thus this policy link has
become moot. Nevertheless, what goes on in the mind of currency traders is
up for speculation, and thus there may be a perception effect above and be-
yond the interest rate policy effect. For this purpose some of the regressions
will include an indicator variable which is one for periods of liberal gov-
ernments and zero for periods of conservative governments. If the political
bias hypothesis is correct, the estimate should be negative and statistically
significant.

2.5 Estimating Equation

Collecting all the regressors discussed above, the full estimating equation
that emerges is

∆xt = α + β [x̄t − xt−1] +
4∑
s=1

δs∆xt−s

+γi
[
iCA
t−1 − iUS

t−1

]
+ γg

[
gCA
t−1 − gUS

t−1

]
+ γπ

[
πCA
t−1 − πUS

t−1

]
+γoil ln(P oil

t−1) + γgold ln(P gold
t−1 ) + γLibLiberal + εt (5)

Consistent with economic theory are β > 0 (absolute PPP), γi > 0 (interest
rate parity), and γπ < 0 (relative PPP). In equation (5) I also allow the PP
parity x̄t to change over time. If the moving xt were to fully capture inflation
differentials, the inflation differential term in the above equation would be
redundant. However, the purpose of retaining the term is to capture the
“news” effect of inflation differentials.

3 Estimation Results

The key insight from the results of estimating (5) is that there is solid ev-
idence of reversion to purchasing power parity. Concretely, the results
shown in column (B) of table 1 reveal a point estimate of the PPP half-life
of about 16 quarters (4 years). This estimate confirms the view that PPP ad-
justment is indeed “glacially slow,” as Rogoff (1996) has put it. The fact that
we observe prolonged deviations from PPP is thus no indication that there
is no PPP adjustment.

In the other columns of table 1 I consider variations of the basic model.
First, column (A) shows a reduced version or column (B) in which all γ pa-
rameters have been excluded. This reduced version (A) explains about 16%
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of the variation in ∆xt, while the full version (B) explains about 33%, about
twice as much. In column (A) the effect of purchasing power is statistically
insignificant. From this it is apparent that other determining factors may
well mask and overlay the effect of purchasing power parity; it is also ap-
parent that purchasing power parity is not the dominant force among the
driving forces.

In column (C) I test for the possibility of a non-linear adjustment speed
of PPP reversion. As discussed above, the linear term κ ≡ x̄ − xt−1

is replaced with the sign-preserved square term sgn(κ)κ2. This works
marginally better. Testing the two models against each other yields the con-
clusion that one cannot reject the hypothesis that PPP adjustment is non-
linear.

Estimates of the inertia parameters suggest that the reaction to an ex-
change rate innovation is not a simple innovation decay. The impulse re-
sponse function derived from the estimates in column (B) suggest a wave-
like dampened reaction. An impulse of size 1 in quarter 0 is followed by
∆xt responses of +0.17, –0.05, +0.26, +0.03, –0.04, +0.07, –0.01, and –0.02, in
the first eight quarters after the impulse. The estimate corresponding to the
third lag (xt−3 − xt−4) is both the largest in magnitude as well as the most
significant. This suggests that secondary effects from an external shock to
the Canadian economy take about 9 months to fully surface.

Estimates of the other parameters in the model also shed interesting light
on various aspects of nominal exchange rate determination. First and fore-
most, an increase in the nominal interest rate differential between Canada
and the United States leads to an appreciation of the CAD. Based on the
point estimate in column (E), a 1%-point increase in the difference leads to
an appreciation of about 0.7 percent. So when the Bank of Canada increases
its rate relative to the U.S. by a (typical) quarter percent and the exchange
rate is at 0.63 USD/CAD, the exchange rate will appreciate by 0.11 cents
(US) each quarter.

An increase in nominal GDP growth has an effect similar in magnitude
to an increase in the interest rate. Faster growth in Canada than the United
States leads to an appreciation of the CAD. The positive sign of the estimate
also supports the interpretation of GDP growth differentials as “news.”

In columns (D) and (E) I estimate (5) for the post-1981 period, which
excludes the two oil-price shocks to the economy. Both (D) and (E) capture
about half of the variation in the data. Based on an estimate of β = 0.11, the
adjustment half-time of the PPP process turns out to be about 6 quarters.
This is much faster than in the base case in column (B). To close 80% of the
PPP gap it takes about 14 quarters (or 3.4 years). At the current (April 2002)
level of about 0.63 USD/CAD, this would imply an increase of 0.39 cent
(US) per month.

In column (E) I ask if the M2 monetary aggregate is a better predictor
of expected inflation than the observed inflation. This indeed appears to be
the case, judging by the fact that the estimate corresponding to mCA

t−1 −mUS
t−1
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has the “right” negative sign and is statistically significant. By compari-
son, the estimate linked to the observed inflation differential is statistically
insignificant in all cases. Equation (E) also slightly outperforms (D).

Lastly, the indicator variable for a political bias effect is estimated in-
significantly and is negligible in size. There is no evidence of such an ef-
fect above and beyond government’s immediate influence on interest rate
levels, or its longer-term impact on the country’s overall economic perfor-
mance.

4 Volatility and Transborder Capital Flows

While the public debate has paid much attention to the level of the
USD/CAD exchange rate, very little attention has been paid to the volatil-
ity of the exchange rate. It has not been much noticed that the USD/CAD
exchange rate has become increasingly more volatile over the course of the
last three decades. Businesses care about volatility because it is costly. In-
surance against exchange rate risk requires the use of hedging instruments
and other financial devices.

While the public debate has largely ignored the volatility issue, busi-
nesses are responding to the changed circumstances. There is plenty of
factual and anecdotal evidence that Canadian businesses are increasingly
operating in a USD environment. For example, many large Canadian com-
panies are cross-listed on U.S. stock exchanges to raise equity. Thus they
produce annual reports both in USD and CAD. Other companies, partic-
ularly subsidiaries of U.S. companies that are tightly integrated with their
parents in terms of their production activities, use the USD as their primary
invoicing and accounting currency. This type of virtual “U.S.-dollarization”
is pervasive and, if the current trend continues, is likely to increase.

Before returning to the upward trend in volatility I would like to intro-
duce a suitable measure of volatility. There are numerous ways in which
one can measure volatility. The one I find particularly useful is based on the
daily absolute change At ≡ |∆xt| in the log exchange rate. Summing At over
the last n calendar days provides the volatility measure V n

t :

V n
t ≡

n−1∑
s=0

At−s (6)

Expressed in percentage terms, the volatility measure is 100%[exp(V n
t )− 1].

For example, V 365
t = 0.7 corresponds to a cumulative change of about 100%

over the course of one year.9

9Of course, an alternative measure would be the moving average of the standard devi-
ation [

∑n−1
s=0 (∆xt−s − µ)2/n]0.5, but this measure suffers from the difficulty of choosing an

appropriate mean µ. By comparison, V nt does not require assumptions about µ, and it is
also gives less influence to the occasional large ∆xt.
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Figure 4 shows the development of volatility of the USD/CAD exchange
rate during the last three decades. There is the appearance that volatility has
risen in the 1970s, remained relatively stable during most of the 1980’s and
early 1990’s, and since then has experienced a significant increase.

Which economic factors may account for this apparent increase in
volatility? A common link observed in financial data is between volume
and volatility. This suggests investigating whether or not cross-border fi-
nancial transactions have increased along with volatility. For this purpose
I first construct quarterly V 91

t volatility measures. As a measure of cross-
border capital flows I use the sum Ft = It + Ot of Canada-U.S. capital
inflows It and outflows Ot (direct investments, portfolio investments, and
other investments [mostly loans], all expressed in constant 1995 prices). Fig-
ure 5 shows that cross-border capital flows have been around 8% of GDP for
most of the 1970s and 1980s. By the end of the 1990s this figure has more
than doubled.

Following Andersen et al. (2001), I estimate the log-volatility equation10

ln(V 91
t ) = γ0 + γ1 ln(V 91

t−1) + γ2sgn(∆xt−1) ln(V 91
t−1)

+γ3 ln(Ft) + γ4(t− 1970)/10 + εt (7)

What is the evidence on the volume-volatility link? As can be seen in col-
umn (D) of table 2, the point estimate corresponding to ln(Ft) suggests that
an 1% increase in cross-border capital flows is associated with an 0.2% in-
crease in volatility. As capital flows have more than doubled over the last
decade (see figure 5), this increase in cross-border capital flows has raised
volatility by about 20%.

Table 2 presents the estimation results in detail, with the estimation re-
sults corresponding to (7) in column (C). Columns (A) and (B) show regres-
sions in which I constrain γ1 = γ2 = γ4 = 0 and γ1 = γ2 = 0, respectively.
Column (A) reveals a strong contemporaneous link between capital flows
and volatility with an elasticity of 0.4. Column (B) shows that about half
of this elasticity could also be attributed to a pure time trend. I retain the
time trend in column (C), but note that there is no compelling theoretical
reason for its presence. In column (C), where I introduce an autoregressive
variance term, this time trend becomes insignificant. I thus constrain γ4 = 0
in columns (D) and (E).

The results in column (C) reveal that there is persistence in volatility. Just
under half of the volatility from the previous quarter is carried to the next.
At quarterly frequency there is no evidence of an asymmetric response in
volatility. The direction of the exchange rate movement sgn(∆xt−1) does not
influence volatility at this long-term time horizon.

In columns (D) and (E) I explore other potential features of the data.
First, in column (D) I investigate if the composition of capital flows has any

10Given the short time horizon of just under 120 observations, I do not attempt to frac-
tionally difference xt.
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Figure 4: Volatility of the USD/CAD Exchange Rate, 1973-present
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Figure 5: Gross Capital Flows (Inflows plus Outflows) between the U.S. and
Canada, relative to Canadian Gross Domestic Product, 1973-present
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Figure 6: Composition of U.S.-Canadian Capital Flows, 1973-present
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bearing on the level of volatility. Figure 6 shows that the composition of
capital flows has undergone noticeable changes over the last three decades.
Portfolio investments have played a larger role in the 1990s than in previ-
ous decades, and the proportion of direct investment flows has also con-
tinuously increased since the early 1990s. Other investments (loans) have
declined in importance. The estimates corresponding to the share of di-
rect investment FDI

t /Ft and the share of portfolio investment FPI
t /Ft turn

out to be statistically insignificant, although the magnitude of the estimates
suggests that portfolio investments have a larger impact than direct invest-
ments, and direct investments have a larger impact than other investments
(i.e., mostly loans). Finally, in column (E) I replace the gross capital flow by
the (log of) inflows and outflows. Capital inflows into Canada have a 60%
larger impact on volatility than outflows. A possible explanation for this
result lies in the composition of capital flows. Capital inflows tend to have
a slightly put persistently higher proportion of portfolio investments than
direct investments, while outflows apparently contain a larger proportion
of loans.

The use of an observed measure of volatility has several advantages over
the use of GARCH-type models (discussed in the next section). It is much
easier to link observed volatility to exogenous or pre-determined factors
influencing volatility, in particular when these factors are observed at low
frequencies such as quarters. Andersen et al. (2001) make a strong case for
using observed volatility models and also argue that these models perform
better than GARCH-type models at predicting volatility. However, both
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types of models have their uses. Because they use high-frequency data,
GARCH-type models can shed light on short-term movements of volatility,
and they provide a platform for determining the impact of news.

5 Persistence and Asymmetry of Volatility Shocks

The previous section established that volatility is persistent, but that volatil-
ity shocks do not appear to respond asymmetrically depending on the di-
rection of the shock (appreciation or depreciation of the USD/CAD rate). In
this section I utilize high-frequency (daily and weekly) data and investigate
the persistence and asymmetry of volatility shocks more closely. There are
two reasons for this exercise. First, I wish to determine if the degree of per-
sistence has changed over time. In other words, are volatility shocks more
persistent in the last decade than in previous decades? Second, I wish to de-
termine if asymmetric responses to volatility shocks are apparent at higher
frequencies. It is quite conceivable that short-term asymmetries exist but
fade out over longer periods of time.

Unlike exchange rate movements, exchange rate volatility is highly pre-
dictable even at high frequencies. Using such high-frequency data also
provides the basis for determining the short-term impact of news. News-
intensive periods are characterized by higher volatility because uncertainty
among traders will lead to more frequent revisions of expectations.11 This
behaviour can be described through a generalized autoregressive condi-
tional heteroskedasticity (GARCH) process in which the volatility is chang-
ing over time and depends on past observables. GARCH models have been
applied to a variety of exchange rates and found to provide a good empiri-
cal description of the data-generating process; see for example Johnston and
Scott (1997, 1999, 2000).

There is a fundamental question about the role of news in determining
the volatility of exchange rates: is there a difference between good news and
bad news? Conveniently, the exponential GARCH (or EGARCH) model
introduced in Nelson (1991) allows for asymmetric effects of past distur-
bances. While the presence of asymmetry is a well-established stylized fact
for stock returns (see Engle and Patton (2001)), it is rarely observed for ex-
change rate changes. In the empirical literature on asset prices, the asym-
metric response to news (price shocks) has been dubbed the leverage effect.

11Some authors have tried to account for the role of news explicitly by augmenting a
GARCH-type volatility model with appropriate indicator variables for political events. For
example, Lobo and Tufte (1998) attempt to establish a party-in-power effect or a politi-
cal uncertainty effect during the sixteen weeks preceding a U.S. federal election. Another
study by Leblang and Bernhard (2001) investigates a sequence of political events related
to the European Monetary System and parliamentary elections in several European coun-
tries and finds that times of greater political uncertainty are reflected by higher levels of
exchange rate volatility.
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A sudden drop in a stock price increases the debt-to-equity ratio (i.e., lever-
age), which in turn may increase the risk of holding this asset. This higher
risk is reflected in higher volatility.

While there is no equivalent to the leverage effect in foreign exchange
markets, there may still be an asymmetric effect of news. Theodos-
siou (1994) has argued against the existence of such asymmetric effects be-
cause of the two-sided nature of an exchange rate: an appreciation of one
country’s currency is exactly matched by an equal depreciation of the part-
ner country’s currency. Based on a relatively short sample of 997 daily ob-
servations between 1988 and 1991, he finds a negative but statistically in-
significant asymmetry effect for the USD/CAD exchange rate. Evidence to
the contrary is found in Lobo and Tufte (1998), and evidence of asymmetry
effects for other currency pairs can be found in Farrell (2001).

Let parameter λ denote the size of the asymmetric response relative to
the symmetric response. When λ is negative, a positive price shock leads to
higher volatility than a negative price shock, and when λ is negative, a neg-
ative price shock leads to more volatility than a positive price shock. In the
context of the USD/CAD exchange rate, a negative asymmetric response
implies that a surprising depreciation of the Canadian Dollar against the
U.S. Dollar has a larger effect on volatility than an appreciation of the same
magnitude.

Following Baillie and Bollerslev (1989) and Baillie and McMahon (1989,
p. 144), consider the daily exchange rate innovations to follow

250∆xt = κ0 + κ1Mon + κ1Fri + εt (8)

Given that innovations ∆xt are mostly white noise at high frequencies, the
fit (R2) of such regressions is typically quite poor. However, day-of-week
dummies are often significant in such regressions, and thus I include dum-
mies for Monday and Friday effects in the main equation (8).12

The determination of the conditional variance of the error term εt in (8)
is more elaborate. I assume that et has conditional heteroskedastic variance
σ2
t that is following the exponential EGARCH(1,1) process

ln(σ2
t ) = α0 + α1g(zt−1) + β1 ln(σ2

t−1) (9)
zt = εt/σt ∼ N(0, 1) (10)

g(zt) = [|zt| − E|zt|] + λzt (11)

In this model a deviation of the “news” term |zt−1| from its expected value
E|zt−1| causes the variance of εt to be larger than before.13 The λ parameter

12The Monday dummy is also one on days following any other market-closure day. Un-
like Baillie and Bollerslev (1989), I do not include dummies for other weekdays as they are
never significant.

13I estimate the EGARCH(1,1) model by assuming a normal distribution for zt. Conse-
quently, E|zt| = [2/π]0.5. Wang et al. (2001) considers other distributional assumptions.
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allows this effect to be asymmetric, as explained above. When λ < 0, a neg-
ative surprise increases volatility more than a positive surprise. In (11) the
estimate of the full asymmetric response is actually λα1, while the estimate
of the symmetric effect is just α1. This allows the estimate of λ to be inter-
preted conveniently as the magnitude of the asymmetric effect relative to
the magnitude of the symmetric effect.

Table 3 shows the results of EGARCH(1,1) regressions for four differ-
ent sample periods. Column (A) covers the entire 1972-2001 sample period,
while columns (B), (C), and (D) cover the three decade-long periods 1972-
1981, 1982-1991, and 1992-2001. I find convincing evidence of an asymmet-
ric response. Bad news about the Canadian Dollar increase the volatility of
the exchange rate more than good news. The magnitude |λ| of the asym-
metric response also appears to be increasing over time when comparing
the results for the 1990s (column D) with the results for the 1970s and 1980s
(columns B and C). At the same time one finds a noticeable drop in the size
of the total response to news (α1) from about 0.3 down to about 0.1. This
seems to suggest that volatility reacts less intensely to news overall. The
size of the asymmetric response is about 13% of the size of the symmetric
response. While the symmetric response to news is clearly dominating the
asymmetric response, the magnitude of the asymmetric effect is sufficiently
large and significant to be taken seriously. However, why bad news increase
USD/CAD volatility remains an unanswered question.14

The results in table 3 reveal yet another interesting fact. The estimate of
the persistence of volatility (the GARCH term β1) is close to one, indicating
that shocks to volatility are very slow to fade out. Comparing columns (C)
and (D), it appears that the rate at which volatility shocks fade out has been
increasing. While in the 1970’s and 1980s the half-life of a shock was around
16 trading days (about three calendar weeks), in the 1990s this half-life had
increased to 58 trading days (about 12 calendar weeks).15

In table 4 the analysis corresponding to daily data is repeated for weekly

They find that an exponential generalized beta distribution provides a superior perfor-
mance to a t-distribution (and implicitly, the normal distribution). Unfortunately, the
authors did not consider the USD/CAD series as one of the six exchange rate series in
their study. The purpose of using alternative distributions is to capture the leptokurtosis
(fat-tailedness) present in the data. The family of GARCH models includes other speci-
fications that allow for asymmetry, notably the threshold-GARCH (or TGARCH) model.
Ebrahim (2000) considers a multivariate GARCH model and finds strong evidence of
volatility spillovers between the foreign exchange markets and their corresponding money
markets.

14The determinants of the sign and magnitude of the asymmetry effect is a topic for fu-
ture research. It would be helpful to address this issue through a multi-country panel in
which the estimated asymmetry effect is regressed on country and country-pair character-
istics.

15The half-life of a shock is calculated as T0.5 = ln(0.5)/ ln(β1). Using the Delta method,
the standard error of the half-life can be calculated as σ{T0.5} = H2/[ln(2)t{β1}], where
t{β1} is the t-statistic shown in table 3. This calculation yields standard errors of 2.7 trading
days and 19.4 trading days, respectively.

18



data. Equation (8) is suitably replaced by

52
∑
t∈w

∆xt = κ0 + εw (12)

where w denotes an index for week. Equations (9) through (11) apply with
the t subscripts replaced by w subscripts. The results in table 4 confirm
the key results from table 3 but also provide additional insights. First, the
evidence for the asymmetric effect of news is quite strong in columns (A),
(B), and (D). In the 1992-2001 sample (D) the asymmetry effect is estimated
as about 70% of the symmetric effect, much higher than the 20% estimated
from the daily data (table 3, column D). Furthermore, the β1 estimate in-
dicates that volatility persistence has substantially increased from decade
to decade. While in the 1970s the half-life of a volatility shock was about
1 week, it doubled to just over 2 weeks in the 1980s, and increased to 7.5
weeks in the 1990s. These estimates provide conclusive evidence of an over-
all trend towards stronger persistence of volatility shocks.

6 Conclusions

This paper has shown that a simple model of the USD/CAD exchange rate
does not suggest any ‘secular’ movement. Instead, long-run PPP appears
to be very well at work, even though the adjustment process is rather slow.
The point estimate based on three decades of data suggest an adjustment
half-life of just under 16 quarters (4 years), with a 95% confidence interval of
10–21 quarters. However, evidence from the last decade alone suggest that
PPP adjustment may be substantially faster. The slow adjustment speed is
also the reason why it is difficult to obtain more precise point estimates:
over three decades we have had only three crossings of nominal exchange
rate and PPP.

If there is no secular decline in the Canadian Dollar, and PPP is at work,
calls for quick fixes such as higher interest rates and exchange rate fixation,
or more drastic policy measures such as U.S.-dollarization and a common
North American currency, appear to be premature. In particular, fixing the
value of the Canadian Dollar at a PPP-disequilibrium point would proba-
bly come at a significant economic cost. If the exchange rate cannot adjust,
wage rates and other prices must adjust, which may turn out to be more
disruptive to the economy.

Half-way measures such as unilateral exchange rate targets and cur-
rency boards are inherently risky because they are subject to political in-
terference and they may ultimately fail. The recent currency crisis in Ar-
gentina illustrates this point. Unilateral U.S.-dollarization is a feasible op-
tion, but it would give Canada no seat and voice at the Federal Reserve
Board. In any case, the Canadian economy is already subject to a gradual
U.S.-dollarization. Companies and individuals are choosing to use the U.S.

19



currency in some of their transactions and contracts. Companies cross-list
at U.S. stock exchanges. Individuals maintain USD-denominated chequing
accounts and credit cards. Increased economic integration is likely to inten-
sify this market-driven process.

The merits of a common North American currency should and must be
discussed independently of the current state of the USD/CAD exchange
rate, balancing microeconomic gains against macroeconomic costs. This is
in the end an empirical question which requires careful research of the costs
and benefits. To my knowledge, very little empirical research specific to
Canada has been carried out to make the case for a common currency con-
vincingly. The discussion of a common currency also belongs into the con-
text of a wider view on economic integration in North America, alongside
a discussion of a customs union and a common market that provides full
labour mobility. Charting a course towards greater economic integration
requires an informed debate about which of these policy options provides
greater (net) economic benefits. It may well turn out that a customs union
would serve the economic interest of Canada better than a common cur-
rency.

While much public attention has been devoted to the level of the
USD/CAD exchange rate, very little attention has been devoted to the trend
towards increased exchange rate volatility. The empirical findings in this
paper link this increased volatility to the increased amount of cross-border
capital flows. However, there is insufficient evidence to point the finger
conclusively at either the direction or composition of the capital flows as
additional determining factors. Further insights have been gained from an-
alyzing daily and weekly exchange rate data. First, bad news (depreciation
shocks) increase the volatility of the USD/CAD rate more than good news
(appreciation shocks). Second, there is strong evidence that volatility shocks
have become more persistent over the last three decades; they tend to fade
out slower.

The increased level of volatility increases the cost of doing cross-border
business. It offsets in part exporters’ gains from a lower CAD, and it exac-
erbates the higher cost of importers. In the long run, higher exchange rate
volatility may also hurt Canada as a destination for direct investment. Iron-
ically, while using the currently low value of the CAD vis-à-vis the USD as
an argument for a common currency in North America is misguided (based
on the evidence of PPP reversion), the very solid empirical evidence on the
disturbing trends in volatility would make a good case in support of a com-
mon currency. Yet proponents of a common currency have paid little atten-
tion to the volatility issue.
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Data Sources
• Daily USD/CAD exchange rates were obtained from the author’s PA-

CIFIC Exchange Rate Service database of historic daily exchange rates at
〈http://pacific.commerce.ubc.ca/xr〉.

• Annual purchasing power parity data were obtained from the OECD as pub-
lished at 〈http://www.oecd.org/xls/M00009000/M00009295.xls〉. Quarterly
PPP data were constructed from annual data through log-linear interpola-
tion.

• The price of gold was taken from the International Monetary Fund’s Interna-
tional Financial Statistics database, series 112/c. Also taken from the IMF/IFS
database were interest rate series 60c for both countries (IFS country codes
111 and 156 for the United States and Canada, respectively). These rates
are 3-month treasury bill rates. Seasonally-adjusted nominal GDP data were
obtained from series 99b.c, and CPI indices were obtained from series 64.
Money (M1) and Quasi-Money (M2-M1) time series are series 34 and 35.

• The price of oil (USD per barrel of Arabian Light) were combined from two
sources. For years after 1982, quarterly data were obtained from the Datas-
tream/Primark database series OILALIT, and quarterly data for the pre-1982
period were imputed from annual data obtained from the U.S. Department
of Energy at 〈http://www.eia.doe.gov/international〉.

• Capital flow data were obtained from Statistics Canada’s CANSIM database
matrix 2371 of the quarterly Canadian Balance of International Payments
with the United States. In particular, the capital flow data is the sum of the
absolute values of CANSIM series D59152, D59153, D59156, D59162, D59163,
D59167. The first three are these series record Canadian (direct, portfolio, and
other) investments abroad, while the latter three series record foreign invest-
ments in Canada. All series are recorded as inflows minus outflows, so the
first three series tend to be negative while the latter three series tend to be
positive. However, when backflows occur the sign may be reversed, and in
these cases care is taken to obtain proper (positive) measures of total inflows
and total outflows.
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Table 1: Determinants of the USD/CAD Exchange Rate
Regressand xt − xt−1 (A) (B) (C) (D) (E)

Intercept −0.0023
(1.483)

−0.0299
(1.152)

−0.0248
(0.940)

−0.2677b

(3.130)
−0.2409b

(2.917)
Inertia xt−1 − xt−2 0.3100b

(3.256)
0.1653

(1.715)
0.1710

(1.782)
0.0125

(0.113)
0.0237

(0.223)
Inertia xt−2 − xt−3 −0.0605

(0.631)
−0.0820
(0.915)

−0.0744
(0.830)

−0.0565
(0.596)

−0.0254
(0.278)

Inertia xt−3 − xt−4 0.3070b

(3.207)
0.2785b

(3.127)
0.2856b

(3.209)
0.3607c

(3.862)
0.3932c

(4.355)
Inertia xt−4 − xt−5 −0.1313

(1.372)
−0.0620
(0.682)

−0.0682
(0.757)

0.0964
(0.949)

0.0838
(0.856)

P.P.P. Deviation κ ≡ x̄− xt−1 0.0069
(0.630)

0.0436b

(2.952)
0.1109c

(4.477)
0.1042c

(4.428)
— squared sgn(κ)κ2 0.2325b

(3.038)
Oil Price ln(oilt−1) −0.0135b

(3.322)
−0.0128b

(3.189)
−0.0065
(1.216)

−0.0055
(1.187)

Gold Price ln(goldt−1) 0.0098
(1.833)

0.0086
(1.573)

0.0462b

(3.334)
0.0409b

(3.084)
Interest Rate Diff. iCA

t−1 − iUS
t−1 0.4468c

(3.399)
0.4359c

(3.408)
0.5947c

(3.613)
0.6958c

(4.979)
Growth Rate Diff. gCA

t−1 − gUS
t−1 0.4258b

(2.658)
0.4302b

(2.690)
0.4163

(1.773)
0.5576a

(2.448)
M2 Growth Rate Diff. mCA

t−1 −mUS
t−1 −0.1771b

(2.731)
Inflation Diff. πCA

t−1 − πUS
t−1 0.3729

(1.424)
0.3401

(1.305)
0.6226

(1.905)
Liberal Government 0.0023

(0.631)
0.0021

(0.560)
−0.0015
(0.331)

PPP Half-Life T0.5 100 15.5 5.9 6.3
Standard Error σ{T0.5} 160 5.4 1.4 1.5
Number of Observations 115 115 115 80 80
First Observation 1973Q2 1973Q2 1973Q2 1982Q1 1982Q1
Last Observation 2001Q4 2001Q4 2001Q4 2001Q4 2001Q4
R2 0.161 0.328 0.331 0.484 0.509

Note: Significance levels of 95%, 99% and 99.9% are indicated by the superscripts a, b, and c, respec-
tively.
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Table 2: Estimation of the USD/CAD Volume-Volatility Relationship
Regressand ln(V 91

t ) (A) (B) (C) (D) (E)

Intercept −5.8666c

(13.17)
−4.3811c

(7.144)
−2.6502c

(4.206)
−3.1612c

(5.376)
−2.7246c

(5.755)
Lagged Volatility ln(V 91

t−1) 0.4376c

(5.393)
0.4752c

(6.193)
0.4921c

(6.426)
Asymmetric Response ln(V 91

t−1)sgn(∆xt−1) 0.0154
(1.308)

Gross Capital Flow ln(It +Ot) 0.3843c

(8.216)
0.1957b

(2.733)
0.1336a

(2.046)
0.2011c

(4.003)
Capital Inflow ln(It) 0.1130b

(3.146)
Capital Outflow ln(Ot) 0.0713a

(2.335)
Direct Investment Share FDI

t /Ft 0.1176
(0.639)

Portfolio Inv. Share FPI
t /Ft 0.2165

(1.241)
Time Trend (t− 1970)/10 0.1803c

(3.376)
0.0807

(1.564)
Number of Observations 120 120 119 119 119
First Observation 1972Q1 1972Q1 1972Q2 1972Q2 1972Q2
Last Observation 2001Q4 2001Q4 2001Q4 2001Q4 2001Q4
R2 0.364 0.420 0.532 0.523 0.521

Note: Significance levels of 95%, 99% and 99.9% are indicated by the superscripts a, b, and c, respectively.
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Table 3: Volatility Regressions — Daily Data
Column (A) (B) (C) (D)
Sample Period 1972-2001 1972-1981 1982-1991 1992-2001
Intercept κ0 0.0066

(0.896)
0.0090

(0.890)
0.0236

(1.893)
−0.0294
(1.629)

Monday Dummy κ1 −0.0296a

(2.284)
−0.0370
(1.901)

−0.0246
(1.068)

−0.0380
(1.085)

Friday Dummy κ5 −0.0539c

(3.828)
−0.0556b

(2.866)
−0.0767b

(2.943)
0.0098

(0.269)
ARCH Intercept α0 −0.0113c

(3.463)
−0.0534c

(3.939)
−0.0330b

(3.136)
−0.0032
(1.307)

ARCH Term α1 0.2108c

(15.44)
0.3128c

(9.856)
0.3094c

(10.18)
0.0997c

(7.390)
GARCH Term β1 0.9804c

(360.6)
0.9581c

(119.1)
0.9564c

(109.6)
0.9878c

(269.0)
Asymmetry λ −0.1289c

(4.469)
−0.0839a

(2.203)
−0.1208b

(2.751)
−0.1984a

(2.215)
Number of Observations 7551 2504 2514 2533

Note: The dependent variable is the annualized daily change of the exchange rate
250∆xt, where xt is the log of the USD/CAD exchange rate. Significance levels of
95%, 99% and 99.9% are indicated by the superscripts a, b, and c, respectively.

Table 4: Volatility Regressions — Weekly Data
Column (A) (B) (C) (D)
Sample Period 1972-2001 1972-1981 1982-1991 1992-2001
Intercept κ0 −0.8835a

(2.478)
−0.3240
(0.648)

0.0618
(0.078)

−1.9179b

(2.777)
ARCH Intercept α0 0.4929c

(3.643)
2.6005b

(3.185)
1.5235a

(2.252)
0.5404b

(2.785)
ARCH Term α1 0.2512c

(6.087)
0.5994c

(4.555)
0.3403c

(3.334)
0.1597b

(3.116)
GARCH Term β1 0.9120c

(37.06)
0.4709b

(2.829)
0.7276c

(5.971)
0.9079c

(26.87)
Asymmetry λ −0.3202c

(4.142)
−0.2672a

(2.200)
−0.2206
(1.429)

−0.6948a

(2.135)
Number of Observations 1566 522 521 523

Note: The dependent variable is the annualized weekly log change in the exchange
rate 52

∑
t∈w ∆xt, where xt is the log of the USD/CAD exchange rate. Significance

levels of 95%, 99% and 99.9% are indicated by the superscripts a, b, and c, respectively.
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