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Regime Switching as a Test for Exchange Rate Bubbles

Abstract:

This paper develops a new test for speculative bubbles, which is
applied to data for the Japanese yen, the German mark and the Canadian
dollar exchange rates from 1977 to 1991. The test assumes that bubbles
display a particular kind of regime-switching behaviour, which is shown to
imply coefficient restrictions on a simple switching-regression model of
exchange rate innovations. Test results are sensitive to the specification of
exchange rate fundamentals and other factors. Evidence most consistent
with the bubble hypothesis is found using an overshooting model of the
Canadian dollar and a PPP model of the Japanese yen.
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Introduction
This paper develops a new test for speculative bubbles in exchange

rates and then applies this test to data for three bilateral exchange rates over
the 1977 - 1991 period.

Recent work in testing for bubbles has shifted from general tests that
should detect any kind of bubble (Meese (1986), West (1987) and
Gros (1989)) to those that test for a particular form of bubble (Froot and
Obstfeld (1991), and van Norden and Schaller (1993a,b).) An advantage of
the latter is that such tests give more information about the kind of
behaviour that produces significant evidence of bubbles. The test introduced
below follows this newer approach. In particular, it focusses on a kind of
stochastic bubble that each period is expected either to continue growing or
to collapse (partially or completely). Given assumptions about the
probability and size of these collapses, it is shown that such behaviour
should lead to a particular kind of regime-switching behaviour in exchange
rate innovations. Tests for such behaviour can be conducted using
switching-regression techniques. These tests are applied to data for the
Japanese yen, the German mark and the Canadian dollar exchange rates
against the U.S. dollar using different specifications of the underlying “true”
model of exchange rate fundamentals.

As discussed in Flood and Hodrick (1990), it is well understood that
a bubble model will be observationally equivalent to a model without
bubbles, but with a different specification of fundamentals. In the case
studied below, the switching regression motivated by bubbles could also be
motivated by the presence of regime switching in fundamentals. One
example of such an alternative model would be the “peso problem”
considered by Krasker (1980). Therefore, as with all tests for bubbles, the
results presented here should be interpreted as evidence of the kind of
behaviour predicted by the bubble model, and not as definitive proof of the
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presence or absence of bubbles. Nonetheless, such a qualified conclusion
should be interesting for a number of reasons.

First, any results consistent with bubbles will have implications for
research on the efficiency of foreign exchange markets. If one interprets
such results as evidence of bubbles, then this violates some definitions of
market efficiency. If one instead interprets the results as evidence of
switching in fundamentals, then this implies that empirical models of risk
premiums need to take such regime-switching behaviour into account. In
addition, the empirical link between regime-switching behaviour in
exchange rates and other macroeconomic series then becomes another
stylized fact that a satisfactory model of risk premiums needs to explain.

Second, the evidence presented below adds to the work on the
univariate properties of exchange rate changes. In addition to recent
research on autoregressive conditional heteroscedasticity models (such as
Diebold (1988)) and semi-parametric estimators (such as Gallant, Hsieh and
Tauchen (1988)), there has been particular interest in mixture of distribution
models. Examples of these include Akgiray and Booth (1988), Bates (1988),
Boothe and Glassman (1987), Engel and Hamilton (1990), Jorion (1988),
and Tucker and Pond (1988). One of the key attractions of such models is
their ability to capture the occasional occurrence of large, discrete exchange
rate changes by appealing to a secondary data-generating processes that is
observed only infrequently. By placing the mixture of distribution model in
a multivariate context, the switching regression may offer new explanations
of large abrupt exchange rate movements by linking them to other
macroeconomic time series. Furthermore, the econometric techniques
needed to estimate the simple switching-regression models used here are
well established, and may be easier to compute than some univariate
estimation methods, such as those proposed by Hamilton (1989).
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Finally, tests of the switching-regression model also contribute to the
growing literature on the predictability of returns in asset markets, revivied
in recent years by Fama and French (1988), Poterba and Summers (1988),
Cecchetti, Lam and Mark (1990). In particular, these papers show that
simple measures of the deviation of asset prices from their fundamental
values help to predict future returns. For example, Cutler, Poterba and
Summers (1991) show that such relationships exist across a wide range of
asset markets, although the evidence for exchange rate markets is quite
weak. Since the switching-regression model nests the linear regression they
used, one can test for evidence of a more complex relationship and consider
its sensitivity to a variety of assumptions about fundamental exchange rates.

The following section introduces a simple regime-switching model of
bubbles that generalizes the model first suggested by Blanchard (1979).
Section 2 discusses the econometric issues involved in the estimation and
testing of such models, while Section 3 explains the data and various models
of fundamental exchange rates used. Section 4 and Section 5 review the

empirical results, while the final section offers conclusions.

1. A Regime-Switching Model of Stochastic Bubbles
We begin with a general model of exchange rate determination, that

only requires that
s = f(X) +alE(s,, ) (1)

wheres, is the logarithm of the spot exchange rate, is the operator for
expectations conditional on information at timed<a<1, and X is a

vector of other variables. Note that equation (1) is general enough to include
examples of both fixed- and flexible-price monetary models, as well as
models with imperfect international asset substitutability. Solving the

equation forward gives the general result
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DT
=05 al CE(f(X, , )D+aT+1EEt<sT+1) (2)

One solution to equation (1), which we will dene}e , occurs when

TIlinooaT+ 1E(sr, ) =0, (3)

SO

= 3 &l CE(f(X,., ) - (4)
j=o0

We refer to (4) as the fundamental solution, since it determines the exchange
rate solely as a function of the current and expected behaviour of other
macroeconomic variables.

However, equation (4) is not the only solution to (1). We define
bubble solutions to be any other set of exchange rates and exchange rate
expectations that satisfy equation (1) but wm;nes: . We define the size
of the bubbleb, as

b, =s-s . (5)
Note that sincesz satisfies equation (1), it follows from (1) and (5) that

by = alE(b,.) ©)

Sincea< 1, this means the bubble must be expected to grow over time.

A considerable literature exists on the conditions under which such
bubbles are feasible rational expectations solutions. Important contributions
to this debate include Obstfeld and Rogoff (1983),(1986), Diba and
Grossman (1987), Tirole (1982), (1985), Weil (1990), Buiter and
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Pesenti (1990), Allen and Gorton (1991), and Gilles and LeRoy (1992). In
single-representative-agent models, a truly rational agent cannot expect to
sell an over-valued asset (one with a positive bubble) before the bubble
bursts. Therefore, bubbles should exist in such models only if they can be
expected to grow without limit. Some researchers, such as Froot and
Obstfeld (1991), have therefore suggested interpreting empirical tests for
bubbles as tests of whether agents are fully rational, or whether they exhibit
some form of myopia when considering events that are either very far in the
future, or occur with only very low probabilities. An alternative
interpretation would be to consider evidence of bubbles as suggesting that
non-representative-agent models (such as those of De Long et al. (1990),
Allen and Gorton (1991) or Bulow and Klemperer (1991)) are required.
Blanchard (1979) and Blanchard and Watson (1982) examine a
particular example of a process that satisfies (6) and captures some of the
iImportant features that have historically been attributed to bubbles.
Blanchard considers a bubble process that moves randomly between two

statesC andS. In stateC, the bubble will collapse, so
E(b,4]C) = 0. (7)

where the notatiorEt(xj|C) (OEt(Xj|S) ) denotes the expectatior»(jof
conditioning on the fact that the statetas C (or § and on all other
information available at timé. StateS where the bubble survives and
continues to grow, occurs with a fixed probabitjtySince

Et(bt+1) = (1_q) EEt(bt+1‘C)+qEE[(bt+1‘S) ’ (8)
(7) and (6) imply

bt
B9 = 375 ©
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Note that the lower the probability of the bubble’s survival, the
faster the bubble must be expected to grow in the surviving state. The
potentially large difference in the expected asset price bet®eerd C
implies that such bubble collapses could cause sudden and large price
changes.

While it is a tractable and suggestive solution to (6), the Blanchard
process seems unrealistically restrictive in at least two ways. First, it
assumes that in sta@the bubble is expected to collapse fully. However,
there may be institutions in the real world that would tend to work against an
instantaneous and complete collapse. For example, central banks may have
a policy of smoothing sudden exchange rate changes as part of an effort to
maintain orderly foreign exchange markets. Also, historical exchange rate
movements that are sometimes attributed to bubbles, such as the rise and fall
of the U.S. dollar in 1984-85, tend to be reversed over a period of several
months rather than in a single day.

It is therefore reasonable to allow for the possibility that the bubble is
expected to collapse only partially in st&e In particular, (7) could be
replaced with

E(b,4|C) = u(b) (10)

whereu(.) is a continuous and everywhere differentiable function such that
u(0) = 0 and1=u =0 . This means that the expected size of collapse will
be a function of the relative size of the bubble, , and that the bubble is not

expected to grow (and may be expected to shrink) in Gtate

Another restrictive feature of the Blanchard bubble process is the
assumption of a constant probability of collapse. For example,
Kindleberger (1989) describes the typical life-cycle of a “bubble” or
“speculative mania.” He notes that as the bubble in the price of a particular

asset grows, the prices of close substitutes become affected by the bubble,
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and that “collapses” or “panics” usually follow shortly thereafté@ne
might therefore expect that the probability of the bubble’s continued growth

falls as the bubble grows, so that
d
q = q(k),5—0a(b) <0. (11)
b[ d‘bt‘ t

Note that the derivative afis defined using the absolute valueopf
since we wish to consider cases whare  may be positive or negative. If we
now use (10) and (11) with (6), we derive the revised counterpart to (9)

b,

01— o(b) 0
aly(h) O a(by)

t
(b (12)

E(b ]9 =

We can see that in addition to replacoing  wdfn) , the expected value of

the bubble in stat&is now lower by an additional factor that reflects its
greater expected value in stéle

An interesting feature of the bubble model given in equations (10),
(11) and (12) is the structure it implies in exchange rate innovations. If we

consider the unexpected change in the log exchangesyates E(s; , ;) :
this must be uncorrelated with all the information used to &g, ,)

However, if we could separate these innovations into those drawn from state
C and those drawn from stafethis would no longer be the case.

To see this, note that (5) implies we can decompose the exchange rate
innovation into that arising from fundamentals and that arising from the
bubble

St+1_Et(St+1)ERt+1: E:+1+[bt+1_Et(bt+1)] (13)

1. This is a very stylized description of Kindleberger’'s much richer narrative. The inter-
ested reader is referred to Kindleberger (1989) for more details.
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Wheres;+ 1 Isthe innovation in the fundamental exchange rate. If the bubble

collapses ati+1, we observe staté and

Ri.1|C = g.,,+Ub)+e,,—b/a (14)

t+1 t

Wheres +1 Isthe expectational error term associated with (10gnd ;)

is replaced using (éz).This expected value will generally be non-zero and a

decreasing function df, since
dER,,I0) = uby)-L<o (15)
db, +1] voa o

Similarly, it can be shown that in the surviving st&e,

1-q(b) * S
Ri1[S = Frgpy b= @R T +ey¥er,  (16)
where et+1 Is the expectational error term associated with (12). The

expectation will be an increasing functionlpf  since

d _
a5 ERet[9 =

[1-alby] Di1-atu(b)]  —a(dy) Oib, —a fuly)]
aLo(b,) a (k)2

(17)

which is unambiguously positive because both denominators and both

numerators are always positive.

2. Sincea<1 u(b)<bt/a ifb,>0 andu(b)>b,/a ifb,<0 . If we assume that
E(st+l C = E(z»:t+1 S = 0, this means that conditional on a bubble collapse, the
expected innovation in the exchange rate will be non-zero. This assumption is equiva-
lent to assuming thdt, is an extrinsic bubble. For a discussion of intrinsic bubbles and
their relationship to non-linearity, see Froot and Obstfeld (1991).
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There are several points to note about the results in (14) and (16).
They predict that the relationship between exchange rate innovations and
deviations from fundamentals should be state-dependent if bubbles are
present. Second, they provide a rationale for a mixture of distributions to be

. . . . S iy C
present in exchange rate innovations, siace +¢,, ; and +&.,

will generally have different distributions. Third, testing for evidence of the
relationships predicted by this bubble model will be difficult, since they
depend on the regime generating the observation, which is not directly

observed. They will also depend on the use of a measubg of , which

requires an explicit model of fundamental exchange rates. The next section
of the paper takes up the question of how one can reasonably test for these

relationships and suggests various measureg of . The remainder of this

section considers how one should interpret such test results.

If we test for the effects predicted by a model of bubbles, can we
conclude whether or not bubbles are present? The answer is no, not without
additional assumptions. There are two key problems. First, suppose we fail
to find evidence to support the model. While this could be because the type
of bubble described above does not exist, it could also be due to

misspecification ofb, , which might then prevent us from finding the

¢
expected relationship between it and exchange rate innovations. Second,
suppose we find evidence to support the model. While this could be because
the above type of bubble does exist, it might also be due to other

phenomena. For example, Flood and Hodrick (1986) argue that bubbles will

be observationally equivalent to process switching in fundamentals. The

bubble process specified here is no exception. Consider the following

example.

Suppose there are no bubbles, but we misspecify the fundamental

exchange rate: so that the actual exchange rate is given by
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S = > al [E(9(X, . ) (18)
i=0

If Et(g(XHj)) > Et(f(XHj)) j, then §t > st , SO we would think there was a
positive bubble present. Furthermore, because of the possibility of changes

in fiscal, monetary or trade policieX may be generated by distinct

L+
regimes. For example, it might be the case that fiscal policy can switch
between a “tight” and a “loose” stance, and that the greater the government
debt, the lower the probability that the loose stance will continue and the
greater the expected change in stance. This would lead to a model of regime
switching that is completely isomorphic to that described above, except that

the size of the bubblelnt , would now be replaced by some measure of the

deviation of fiscal policy from its sustainable path. By misspecifying the
fundamentals, however, any purported measure of bubbles could
conceivably be correlated with such a deviation from the sustainable path.
We could therefore find all the evidence suggested by the bubble model, even
in the absence of bubbles.

As noted by Flood and Hodrick (1990), this kind of problem occurs
in all bubble tests. They conclude that while this makes the interpretation of
bubble test results difficult, it adds value to them as a diagnostic test of
models of fundamentals. One interpretation of any evidence of bubbles
found by the tests proposed below might be that bubbles are indeed present.
An alternate interpretation would be that exchange rate fundamentals
exhibit switching behaviour, which would itself be an important factor in
modelling foreign exchange market risk premiums.

2. Estimation and Hypothesis-Testing Issues
As shown in the previous section, while the innovation in the

exchange rat&,, ; should be uncorrelated with , there may be a non-
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linear relationship between these variables that takes the form of state-
dependency; i.e., the relationship betwé(ﬁtgl Ia[nd exists, but varies
across states. If we knew with certainty which regime generated each

observation ofR , ; , we could estimate these relationships using standard

least-squares techniques on equations (14) and (16). Given uncertainty

about the classification oR,,, into these regimes, however, standard

estimation techniques will give biased and inconsistent estimates, as shown
by Lee and Porter (1984).
Nonetheless, as is discussed in the Appendix, consistent, efficient,

asymptotically normal parameter estimates of such systems can still be

obtained by maximum likelihood methotin particular, if we approximate
(14) and (16) with first-order Taylor-series expansions, we are left with

following the switching regression system:

E(R., 1 S = Bsp* Bsph (19)
E(R+1|C) = Beo* Benb (20)
Pr(Statg, ; =9 = ®(Byq+ Bypb; + Bopob) (21)
Pr(Statg, , =C) = 1-Pr(Statg_, ;, = S (22)

where the model implies thf¢5,>0 B,<0 alﬁtab2>0 . A detailed

derivation of these restrictions is given in the Appendix. This still requires us

3. Inference requires that the series considered are stationary while rational bubbles of the
kind described in Section 1 are explosive. However, the tests proposed below test the
null hypothesis of no bubbles. Since the data may be assumed to be stationary under the
null, tests of the null should have the correct size so standard inference procedures may
be used. van Norden and Vigfusson (1995) find that the tests perform well for simulated

(explosive) bubbles.
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to choose a functional form f@(x)  such tlax(x) is everywhere increasing

in X, but is bounded between 0 and 1 for all real valueg of . The logit

function®(x) = (1 + eX) 1 satisfies these requirements and is used below.

Having estimated the switching regression, we can then test the sign
restrictions implied by the stochastic bubble model. However, one property
of switching regressions is that such models are identified only up to a
particular renaming of parameters that has the effect of swapping the names
of theSandC regimes. In this case, this equivalence implies that

If Bso: B Beor Ber Bgor Bapt: Babz: I 90)

=t Beor Bow Bso Bsy Bao oo Banz 9099 (23

where |If() is the log-likelihood function, so these alternative

parameterizations cannot be distinguished without additional information.
Therefore, the bubble model implies that one should find eifhg/>0 ,

Bep <0, Bgpp >0l or [Bg<0, B, >0,B,,, <01

After estimating the model and testing its sign restriction, the results
should be checked for evidence of misspecification that might in turn lead to
inconsistent estimates or invalid inferences. Fortunately, White (1987)
presents a general score-based test for misspecification in maximum-
likelihood models that leads to several immediately useful tests in the
switching-regression context considered here. Hamilton (1990) discusses
these tests in the context of a Markov mixture of normal distributions model
and presents evidence that White's test tends to over-reject the null
hypothesis in small samples. Accordingly, all the tests statistics presented
below are interpreted using 1 per cent significance levels, as Hamilton

suggests.
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The results presented below test for three kinds of misspecification;
omitted serial correlation, omitted heteroscedasticity, and Markov state-
dependence. Specifically, first-order serial correlation in the derivative of the
likelihood function with respect t3g, anf, would indicate the
presence of an AR(1) error process in regimes S and C respectively. Similar
correlations in the derivatives with respecttp  apd would indicate the
presence of ARCH(1) effects in their respective regimes. The presence of
such first-order serial correlation in the derivative with respe[&a&o would
be evidence of state-dependence in the classification probabilities and imply
that a Markov-switching regression would be more appropriate. Testing for
omitted ARCH or Markov-switching effects would seem to be particularly
important given the popularity of ARCH and Markov-mixture models of
financial time series.

In addition to testing the restrictions implied by the bubble model and
its adequacy, this paper also aims to test a more general set of hypotheses. In
particular, we wish to see whether the estimated switching-regression model
gives additional information about the behaviour of mixtures of
distributions inR,, ; , whether it gives evidence of a particular kind of non-
linearity in exchange rate behaviour, and whether it indicates that the
distributionR, , ; is predictable. We will now consider these points in turn.

As noted in the previous section’s discussion of (14) and (16), one
implication of the stochastic bubble model is that the errors geneRating

will generally be from a mixture of distributions, which is assumed to be a
mixture of normals. This means that the switching regression embodied by
(19), (20) and (21) will nest a general normal-mixture model as the special

case wher@g, = By, = qul = qu2 = 0 . This gives the model:

/home/int/vann/fm/swpfx/swfx_jae.acc 9 August 1995 13:50



Page 14 of 57

R .1 ON(Bgy, 09 when State, ,
s 1 ONBeg G0) when Statg, , = C. (24)
Pr(Statg, , =5 = ®(B)

Note that (24) is more general than the restricted normal-mixture
model estimated by Boothe and Glassman (1987), who also imposed the

assumption of identical means, §g, = By = B, . It therefore seems

logical to test both of these null hypotheses against the general switching-
regression alternative, which can be done using standard likelihood-ratio
(LR) tests. A rejection of these null hypotheses would imply that there is a
significant link betweerb, and the behaviour of the mixing distributions,
either because it captures shifts in their means, or in their mixing
probabilities, or both.A number of authors have noted that while Lagrange
Multiplier and Wald tests should be asymptotically equivalent to the LR

tests, they can give quite different results. The LR tests are thought to be the

most reliable (see Engel and Hamilton (1990)) and are used below.

4. The Markov-switching model of Engel and Hamilton (1990) does not nest within this
general switching model since it introduces state-dependent switching probabilities.
Nonetheless, the switching regression can capture very similar effects. In the Markov-
switching model, the probability of observing a given regime will vary over time
depending on an unobserved state variable. In the switching regression, this probability
varies as a function of the observed varidijle . Giventthat  usually shows positive
serial correlation, the dynamics of the two models can be quite similar. Formal tests of
these two models could be done by estimating a Markov-switching regression. The bub-
ble model would imply that the Markov behaviour should collapse to simple switching,
while the Markov-mixture model would imply that all the coefficientsopn  should be
insignificant. Instead, we simply test whether the switching-regression model incor-
rectly omits Markov-switching effects that are present in the data.
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The switching-regression model also nests the linear regression

model as the special case wher@g = B, Bgp = Bgyp :

Byps = Bgpz = O giving’.

Riv1 = BotBpb +€ .,y
€, 1 UN(O, ogwith probCD(Bq) ) (25)
€, , 1 UN(O, o )with prob1- CD(Bq)

One interpretation of (25), IR, , is measured as the return to holding
foreign exchange, would be that it represents a linear model of exchange
rate risk premiums. Alternatively, this regression has the same form as that
used in Cutler, Poterba and Summers (1991) to describe non-rational
speculative dynamics in a variety of asset markets. Any rejection of the
restrictions implied by (25) could therefore be evidence of non-linearities in
exchange rate risk premiums, or evidence of a more complex form of
predictability than that considered by Cutler, Poterba and Summers (1991).
To summarize, maximization of the likelihood function allows
estimation of the switching-regression system consistent with a model of
stochastic bubbles. The bubble model implies testable coefficient
restrictions on the switching-regression estimates. Furthermore, the
switching regression can be tested against several simpler nested models
that include both normal-mixture models and linear models of return

predictability. All that remains is to specify appropriate measurd® of

andb, before estimating the model. This will be done in the next section.

5. In principle, one could also imposg = 0. , but this greatly complicates testing the
null hypothesis against any switching alternative. Furthermore, given the possibility of
heteroscedasticity in the data, it seems advisable to allow for time-variation in  under
the null hypothesis.
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3. Data and Models of Fundamental Exchange Rates
The empirical work presented below focusses on four of the most

widely traded currencies in the world -- the German mark (DM), the
Japanese yen (¥), and the Canadian dollar (C$) -- all measured relative to the
U.S. Dollar ($). Unless specified otherwise, all data are in natural logarithms
and are measured monthly. The series cover most of the post-Bretton Woods
floating exchange rate period, from September 1977 to October 1991. More
details on all the data series used may be found in the Appendix.

The first series to be defined is the innovation in the exchange rate

R, . 1- The most straightforward approach would be to assume that covered

and uncovered interest parity hold, so that the log of the one-period forward

exchange ratef, , is equal to the expected value of the log spot rate next

period,s, , , - This would suggest using

Rt+1:5t+1_ft' (26)

While tests of covered interest parity suggest it holds quite closely,
there is considerable evidence rejecting uncovered interest parity. (See
Hodrick (1987) for an excellent summary, and for a discussion of the
empirical points raised in the remainder of the paragraph.) If this were
simply due to the presence of a constant risk premium, then only the mean

of Rii1 would be affected, which would not affect any of the tests or

restrictions proposed in Section 2. Certainly, most of the empirical evidence

implies that the predictable component 9f, ; —f, accounts for only a

small fraction of its total variance at the monthly frequency considered here.
Furthermore, the fraction of this variance that represents risk premiums is
disputed. The standard, rational, representative-agent paradigm implies that
all of the predictability should be because of risk premiums. On the other

hand, empirical models of the determinants of these premiums have had

/home/int/vann/fm/swpfx/swfx_jae.acc 9 August 1995 13:50



Page 17 of 57

limited success, and studies using survey data on agents’ forecasts of the
spot rate imply that only a small fraction of the variance of the predictable
component is due to risk premiums. See Frankel and Froot (1987, 1990) and
Ito (1990). This suggests that equation (26) will give a reasonable measure
of the exchange rate innovation.

The other series to be defined is the size of the bLﬂque, . Because of

the lack of a widely agreed-upon empirical model of fundamental exchange
rates, several different models were used to condtfuct . Note that because
the tests and restrictions suggested in Section 2 are invariant to changes in
the mean ob, , the log of the fundamental exchangeé;ate need only be

defined up to an additive constant. (Graph Al in the appendix compares the
various estimates of the fundamental exchange rate with the actual exchange
rate.)

The simplest exchange rate model tested uses the assumption of
relative purchasing power parity (PPP), which implies that the real exchange
rate should be constant. (In equation (4), this would imply
Et(f(XHj)) = (1-a) EHpt—pIE 0j.) Therefore, the measured real
exchange rate will move one-for-one with the size of the bubble. The real
exchange rate measure used here is the Morgan Guaranty real effective
exchange rate index, which is a multilateral index based on general and
wholesale price indices for 40 nations. To provide a benchmark for the
bilateral exchange rate against the U.S. dollar, indices for Canada, Germany
and Japan are divided by that for the United States. (The use of a bilateral
index based on normalized unit labour costs gave similar results.)

An alternative approach, common in the international trade literature,
defines the fundamental real exchange rate as that rate which equilibrates
the external sector of the economy. The deviation from thisbpte, , Should
then be a function of the degree of external imbalance. The current account
balance was therefore used as another measure of deviation from
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fundamentals, with an increase indicating a more undervalued (or less
overvalued) exchange rate. Current accounts for all four nations are divided
by GNP or GNE to provide a scale-free measure of imbalance, and the series
for Canada, Germany and Japan were again measured relative to those for
the United States. This measure is available on a quarterly basis only, and
since it is already scale-free it is used in levels, not logarithms.

While these models of fundamental exchange rates may be quite
simple, they have the advantage of being highly visible economic indicators.
More sophisticated models of fundamentals are required to take account of
realistic macroeconomic dynamics, however. One common approach is to
use uncovered real interest parity, as in Shafer and Loopesko (1983),
Campbell and Clarida (1987), Meese and Rogoff (1987), and Edison and
Pauls (1991). As shown in the Appendix, the assumptions of UIP and long-
run PPP imply that the long-term real interest rate differential gives us an
index of the fundamental real exchange rate. This means that the difference
between the actual real exchange rate and the real long-term interest rate
differential is a measure of the bubble.

The final bubble measure we use is based on the sticky-price
monetary (or “overshooting”) model of exchange rates. Earlier studies of
bubbles in foreign exchange markets, such as those by Meese (1986),
Woo (1985), West (1987), and Gros (1989), have all used variants of this
model. As explained in the Appendix, the model used here is similar to
those used by the above. As in these previous studies, the model's
parameters must be calibrated indirectly, since parameter estimates based on
exchange rate data would be inconsistent in the presence of bubbles.

At this point, it may be useful to review the effects of
misspecification on tests for bubbles. As noted previously, significant
evidence of bubbles can always be reinterpretted as evidence of
misspecification of exchange rate fundamentals. However, should
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misspecification of the fundamentals lead to a false rejection of the null
hypothesis of no bubbles?

For some kinds of bubble tests, the answer to this question would be
“yes.” For example, West (1987)’s misspecification test will tend to reject
the null hypothesis of no bubbles if we misspecify the time series behaviour
of fundamentals. The cointegration tests for bubbles suggested by Diba and
Grossman (1987?) will suggest that bubbles are present if the error between
our measured and the true fundamentals follows an integrated process.

For the regime switching test used in this paper, however, it is harder
to argue that misspecification will lead us to find false evidence of bubbles.
Specifically, the test is robust to misspecification in two ways.

First, both the likelihood ratio tests and the coefficient sign
restrictions are invariant to linear transformations lpf . Therefore
misspecifying either the level of the bubble or its scale will have no effect on
the regime switching test for bubbles. The latter implies that, although the
bubble measures shown above account for much of the observed
movements in exchange rate, this assumption can be relaxed without
affecting the validity of the test. It also implies that the adequacy of the
models of fundamentals used in the test should not be judged by how well
they fit the observed exchange rate. A more appropriate measure would be
whether the resulting, can reasonably be expected to be cgélated
with the “true” bubble (if any.)

Second, it should be remembered that the switching regression test
will interpret as evidence of bubbles onlpa  which has explanatory power
for the distribution of future innovations in the exchange rate, and only if it
does so in a way that is consistent with the sign restrictions predicted by the
model of bubbles. There is no reason to believe that arbitrary errors in model
specification would have this effect. For example, if our measure of the
bubble is simply i.i.d. normally-distributed “noise” that is uncorrelated with
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the true fundamentals, we should be unable to reject the null hypothesis of

no bubbles. Another example is the real interest rate parity measure of

fundamentals for the Canada-US exchange rate. Figure Al suggests that this
measure may be suspect, as it is unusually volatile and bears little

relationship to the actual exchange rate. However, Table 1 shows that it

produces no evidence to support the bubble hypothesis.

As noted in Section 2, there is a special kind of specification error
that could lead us to erroneously conclude that bubbles are present. The
example presented there relies on a particular form of regime-switching in
fundamentals. Even then, however, the kind of misspecification required is
guite specific. Our purported measure of bubbles must accurately measure
the fundamental exchange rate up to but not including the effects of regime
switching in the fundamentals. We would expect that adding more general
kinds of misspecification would make it more difficult to find purported
evidence of bubbles since this should simply reduce the explanatory power
of b,. Furthermore, it is not clear that regime switching in fundamentals can
always be a plausible alternative to the conclusion that bubbles are present.
For example, it is hard to rationalize the presence of regime switching in

fundamentals when our model of fundamentals is purchasing power parity.

4, Estimation and Test Results
Tables 1 through 3 summarize the results of the estimated switching-

regression model using the 1977-1991 data on forward and spot exchange
rates. As one would expect, the results are sensitive to the model of

fundamentals used to construit and to the particular exchange rate

considered.

The results for Canada in Table 1 show that the overshooting model
of fundamentals gives the highest values of the likelihood function and the
most support for the bubble model. This bubble measure gives LR statistics
that allow us to reject the three simpler models of regime switching in
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favour of the switching-regression alternative predicted by the bubble
model. We also find that although two of the four bubble measures have a

significant influence orR,,; in stat§ only the overshooting measure
gives evidence that the size of the bubble also affects in Gtate
Furthermore, the opposite signs g, P, that the overshooting

measure gives are consistent with the predictions of the bubble model and

allow us to reject the hypothesis tHat, = B, . There is no significant

evidence for any of the bubble measures that the classification probabilities
are affected by the square of the bubble’s size, nor is there any evidence of
misspecification.

The results in Table 2 for Germany show that the external balance
measure of the bubble has the best fit (as judged by the value of the
likelihood function) and is the only measure that can reject either the
unrestricted or the restricted normal-mixture models. However, it is unable
to reject the null hypothesis of linear predictability. None of the bubble
measures had more than one coefficient in the switching regression that was
significant at the 5 per cent level. The external balance measure comes

close, with a significars, andf@®., with a marginal significance level of

5.2 per cent. It should be noted, however, that both parameter estimates are
negative (and significantly different), while the bubble model predicts that
they should have opposite signs. Only the PPP measure produces evidence
of misspecification, apparently due to the presence of both serial correlation
and ARCH effects in regim@&

The Japanese results in Table 3 show that the PPP measure fits best,
followed by the external balance measure. Both allow us to reject all three
simpler switching models, while the other bubble measures fail to reject the
null hypothesis of an unrestricted mixture of normal distributions. The

estimate ofBg, is negative, significant, and quite similar for all four
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measures ob, . Additional coefficients are significant for the PPP and

external balance measures, which therefore give us binding restrictions on
the bubble model’s predictions. These are satisfied in the case of the PPP
measure but not in the case of the external balance measure, where increases
in the bubble are found to decrease expected returns in both regimes. We are

never able to reject the hypothesis tBaf = B, at the 5% significance

level for any of these measures. There is no significant evidence of
misspecification, except in the case of the PPP measure. Even there the
evidence is weak, with a significant joint test (with an LR statistic of 15.8
versus a critical value of 15.1) but no significant individual tests. The joint
test presumably reflects some weak evidence of serial correlation, as the test
statistics for first-order autocorrelation in each regime are closest to their
critical values (4.7 and 3.6, compared to a critical value of 6.6).

To summarize these results, we can see that measures of apparent
deviations of exchange rates from their fundamental values have some
descriptive power for subsequent excess returns in a number of cases.
Furthermore, for Canada and Japan there is evidence of significant non-
linearities in this relationship. Diagnostic tests also generally suggest that
the simple switching regression adequately captures several aspects of the
data. In particular, there is almost no evidence of omitted ARCH effects or
Markov state-dependencies. None of the bubble measures produced
evidence that supported all three of the parameter restrictions predicted by
the bubble model. On the other hand, in two cases (the overshooting
measure for Canada and the PPP measure for Japan) two of these three

parameters were significant and had the predicted signs.

5. Further Implications of the Bubble Model
While the above results give formal statistical tests of the bubble

model, they furnish little insight into the kind of behaviour that the model
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captures. In particular, to help assess the reasonableness of the bubble
hypothesis, it would be useful to see whether such behaviour is consistent
with popular accounts of speculative episodes.

For that reason, we now examine more closely the behaviour of the
switching regression in two of the cases above that most consistently
support the bubble model; the overshooting model of fundamentals for the
Canada-U.S. exchange rate and the PPP model of fundamentals for the
Japan-U.S. exchange rate. Because none of results we considered above
gave very strong support to the bubble model for the Germany-U.S.
exchange rate, we do not present further results for that exchange rate. In the
graphs below, the data for Canada cover a slightly longer sample period,
ending in January 1992. While the addition of these three extra observations
has no noticeable effect on any of the test results reported above, it allows us
to see the apparent collapse of a bubble in January 1992.

Figure 1 compares the spot Canada-U.S. exchange rate with the
calculated size of the bubblb, . Recall that the bubble size is identified
only up to an arbitrary constant and is graphed with a mean of zero. Both
series are dominated by the depreciation of the Canadian dollar over the
1983-86 period, which causes a rise in the bubble measure of 0.12-0.15.
Therefore, if we believe the exchange rate was close to fundamentals at the
beginning of this period, by early 1986 the Canadian dollar appeared to be
12 to 15 per cent undervalued. In contrast, the currency is most overvalued
from 1977-81 and in 1991, where the same benchmark suggests an
overvaluation of about 2 to 5 per cent.

The top of Figure 2 shows thex anteprobability of a collapse,
calculated ad —q(b,) from (A9). This suggests two or three distinct bubble

episodes. Not surprisingly, the most prominent one covers the
undervaluation of the Canadian dollar from early 1985 to the end of 1986,

and corresponds to the peaks in the size of the bubble. At its most extreme,
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the ex anteprobability of a collapse exceeded 20 per cent per month,
suggesting the bubble had become quite fragile. A second episode is the
apparent overvaluation of the Canadian dollar in 1991, which produces a
short-lived but distinct surge in the probability of a collapse. Note that this
bubble is apparently almost totally unwound by the sharp depreciation of the
Canadian dollar in January 1992. The third episode is less distinct and
corresponds to a possible overvaluation of the Canadian dollar in the late
1970s. The peaks here are lower than in the other two episodes and there is
greater month-to-month variability in the results, so the evidence is less
definitive. Finally, we can also note that the probability of collapse is lowest

in the 1982-83 and 1988-89 periods, suggesting that the exchange rate was
close to its fundamental values at these times.

While the timing of the bubble episode in the late 1970s may be
somewhat surprising, particularly in light of its apparent longevity, the first
two episodes identified above seem to fit with the view of other market
participants. The undervaluation of the Canadian dollar in early 1986 led the
Canadian government and the Bank of Canada to take several steps to
correct what they believed to be undue speculation against the Canadian
dollar. This included intensive exchange market intervention in support of
the Canadian currency, whose exchange rate they felt “. . . did not reflect the
fundamentals of our economic and financial situation . © The
overvaluation in 1991 also corresponds to a period where several Canadian
observers (including Courchene (1991) and Harris (1991)) felt the currency
was overvalued. However, it should be noted that the overvaluation covers a
shorter period of time and was smaller than some of these observers
suggested. The overshooting model finds a bubble that does not begin until

1990 at the earliest, and never exceeds C$0.05 in size, whereas some

6. Bank of Canada (1986), p. 15.
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observers suggested an overvaluation starting in 1987 and ranging from
C$0.10-0.15 in size.

To understand what this implies for the expected effects of bubble
collapse, the bottom of Figure 2 shows the difference in expected returns to
holding U.S. dollars across states S and C. As in Figure 1, this series is

graphed with a mean of zero. Since it is just a linear transformatign of , we

find it has a similar shape, with peaks in the 1984-87 period and lows during
1977-81 and 1991. Relative returns in the two regimes change by less than 2
per cent per month (27 per cent per annum) from the peak of the
undervaluation to the maximum overvaluation. This implies only a fraction

of the bubble can be expected to be reversed in any given month, so bubbles
may take some time to be eliminated, even conditional on a collapse.

The last two graphs present the same evidence for the Japanese data.
Figure 3 shows that the bubble size is dominated by an apparent
undervaluation of the yen starting in 1982 and declining rapidly after the
Plaza Accord in September 1985. In addition, there appear to be two periods
of yen overvaluation before and after the undervaluation, consisting of a
brief period in the latter half of 1978 and a more prolonged episode centred
in 1988. The variation in the bubble’s size is much more pronounced than in
the Canadian data, with a peak-to-trough change of roughly 70 per cent,
compared to a range of only 18 per cent for Canada.

The probabilities of collapse in Figure 4 tend to confirm the timings
of these bubble episodes, although they suggest that the undervaluation of
the yen in the mid-1980s may be divided into two episodes, with a distinct
peak and decline in 1982 followed by an even larger peak in 1985. This
corresponds to a period where, probably more so than any other period since
the breakdown of the Bretton Woods system, many observers (such as
Krugman (1985)) felt the U.S. dollar was overvalued. The probability of

collapse shows even higher peaks for Japan than for Canada, reaching 44.6
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per cent per month in March 1985 as the U.S. dollar peaked against most
overseas currencies. Variations in expected returns across regimes again
reflect the movements of the bubble measure. Given the larger apparent size
of the bubble in the yen-U.S. dollar exchange rate, however, it is perhaps
surprising to see that differences in returns across regimes are expected to be
roughly the same size as those in the Canadian data.

Caution must be exercised in drawing conclusions from Figures 2
and 4, since they present point estimates only and these estimates may be
highly uncertain. However, it appears that the econometric evidence and the
historical record can be consistent with the implications of the bubble
model, given particular assumptions about fundamentals. As argued in the
introduction, however, the switching regression can be useful in its own
right as a descriptive device to characterize the behaviour of risk premiums
and the distribution of excess returns. For that reason, we now turn briefly to
consider two aspects of the switching-regression estimates that are not
directly related to the bubble model.

The first of these is behaviour of expected excess returns, or risk
premiums. The bubble model derived in Section 1 simply assumed that
excess returns are unpredictable. The switching regression does not impose
this restriction, however. It is straightforward to show that the expected

value ofR,,, conditional o, is given by
E(Ri 1By = a(by) O(Bsy+ B + (1—a(b)) T(Beo+ Bepby) - (A27)

Figures 5 and 6 grapk(R , 1‘bt) alongside for the Canadian and
Japanese models discussed above. Again, it should be remembered that the
figures do not display the confidence intervals associated with these point
estimates, so caution should be exercised in their interpretation.

We see that for Canada, expected excess returns are almost perfectly

correlated withb, . This reflects the fact tfﬁ%tbl, quz are quite small, so
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that g(b) is roughly constant arEl(RHl‘bt) effectively collapses to a
linear function ofb, . If we compare Figure 5 to Figure 2, we see that the
range of expected excess returns is less than one third of the range of the
difference in expected returns across regimes.

Figure 6 shows that results for Japan look quite different. The
correlation betweeb, arf(R, 1‘bt) is weaker and negative. This reflects
both the non-linearity arising from a |arq33(5b2 and the negative estimates
of Bg, andf,, - Furthermore, the variation in expected excess returns over
time is both larger than that for Canada, and is almost as great as the
variation in expected returns across regimes. (See Figure 4.) The latter
suggests that the bubble model may omit an important source of predictable
variation in excess returns, that is itself correlated with deviations from the
fundamental (PPP) exchange rate.

The second aspect of the distribution of excess returns that we wish
to consider is the predictable variation in their dispersion. One way to
guantify this is to consider the conditional probability of observing an
outlier of a given size, say 2 standard deviations from the sample mean. It
can be shown that

Pr(R.,,<X) =
= ¢(X_BS‘;; i (b + ¢<X_BC00; oo (1 -q(by) @
and that
Pr(R,,>x =
= (= Bff; Py (b + O(—— B?; Pen g a(by) (29)
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where¢ is the standard normal cumulative distribution function. Note that
changes in x just give a monotonic transformation of the probabilities, so the
conclusion below are robust to changes in threshold value chosen.

Figures 7 and 8 below show the probabilities of observing an excess
return 2 standard deviations either above or below the sample mean. If the
expected value of returrE(RHl‘bt) is fairly constant but its variance
around this expectation is not, the probabilities of observing high and low
outliers should be positively correlated. HoweverE(RHl‘bt) is quite
variable and the variance around this expectation is stable, then the
probabilities of observing high and low outliers should be negatively
correlated. The figures show that for both Canada and Japan, the
probabilities of observing high and low outliers are strongly negatively
correlated, implying that variations in the conditional distribution of returns
are dominated by shifts in its mean rather than its dispersion. This
strengthens the conclusion drawn from the graphg(ef, 1‘bt) , that there
IS an important source of predictable variation in expected excess returns

that is correlated with deviations from the fundamental exchange rate.

Conclusions
This paper has described a two-regime model of speculative bubbles.

We have seen how simple restrictions on the behaviour of bubbles lead to a
new set of testable predictions about the behaviour of exchange rate
innovations. These predictions have implications for variety of current areas
of research. They suggest generalizing univariate mixture-distribution
models of innovations to a switching-regression framework and linking
mixing behaviour to other macroeconomic variables. They also suggest a
relationship between current macroeconomic variables and future exchange
rate innovations that nests other empirical models of asset price dynamics.
The results presented above for the Canada/U.S., Germany/U.S. and

Japan/U.S. exchange rates are sensitive to changes in the definition of the
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fundamental exchange rate and to the measurement of exchange rate
innovations. In many cases, no significant evidence of bubbles is found.
Whether this is due to their absence or a lack of power in the test is unclear.
Evidence supporting the bubble model is strongest when using excess
returns data and an overshooting model of fundamentals for the Canada/
U.S. exchange rate or a PPP model for the Japan/U.S. exchange rate.
Furthermore, the bubble episodes identified by the switching-regression
model in these cases correspond well to periods that others have associated
with deviations from fundamentals. Additional evidence also suggests that
deviations from fundamental exchange rates in these cases have an
important influence on expected excess returns, a fact which is not predicted
by the bubble model.

Regardless of whether one accepts the bubble interpretation of the
above results, they should be of interest to those studying the efficiency of
foreign exchange markets. Obviously, the implication that bubbles may be
present is of direct interest. However, even the interpretation that there are
other, fundamental causes of switching implies that the distribution of
exchange rate innovations varies over time in a manner not previously
considered. Since this time-variation may be predicted by other
macroeconomic variables, such variation should affect exchange rate risk
premiums. A satisfactory fundamental model of this switching behaviour
and of the relationship between deviations from fundamentals and expected
returns should therefore be an important ingredient in future research on risk
premiums.

Distinguishing between switching in returns due to bubbles and that
caused by process switching in fundamentals will be difficult and is beyond
the scope of this paper. A useful way to proceed would be to specify a
particular model of switching in fundamentals and examine whether actual
switches in fundamentals correspond to apparent switches in exchange rate
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innovations. van Norden and Schaller (1993a) use such an approach to
study historical crashes in U.S. stock prices, and conclude that both bubbles
and switches in fundamentals seem to play a role. Work by Lewis (1989)
with monetary models of exchange rate determination has shown that while
switches in monetary policy can explain the apparent predictability of
forward-rate prediction errors in certain periods, they do not seem to fit
during the significant U.S. dollar appreciation in 1984-85. In contrast, the
results here seem to fit well during this period, again suggesting that both

factors may be at work.
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Tables

Notes to Tables:
The likelihood-ratio statistics test various restrictions of the

switching-regression model

ER; 1~ Bsp— BSbth UN(O, o9
]-.C U]
Ri+1~Bco—PBcpbdEN(O, o)

PriR ;1 = Rt+1) = ®(Bg + BapiPr + Bap2 t)

where Rl,, isR,,; whenState,, =i , andP () is the logistic
cumulative distribution function. The first row tests thstricted normal-

mixture model, which implies tha3g, = B, = qul = qu2 =0 and
that B, = B¢y - The second row tests tharestricted normal-mixture

model, which drops the restriction th@t, = B-, , sothe model becomes

Rr.1 ON(Bg, 09
th+ 1 EINBeo ¢)
Pr(Ry,, = RtS+ D) = PBgo)
The third rows tests thdinear regression model which imposes

Bso = Bcor Psp = Bepr Bgps = Bgpe = 0. giving

Rie1 = BotBpbi e,y
&+, UN(O, o9 with probability d(3 )
€+, UN(O, o) with probability 1- ®(j3 )
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Appendix:

Estimation of the Switching Regression Model
To understand the estimation procedure, suppose that in r€gime

Rir1 = Ry = heb) +e g (A1)

and that in regim&

Ri,1 = Rt+1 = hdb) +e t+1 (A2)

x

S . .
€ ,1 1€, - Thisimplies that we can

C
wheree, ; = e ‘1 ande

t+1
write the probability density function of an observation conditional on it
being generated by a given regime as:

9cervs) = OcRes 1 =Ne(d)) (A3)

and

0dels D) = R —hgby) - (A4)

If we have no information on which regime generates each observation, we
may denote the average probability that an observation comes from &gime

asg. More generally, if we have a set of variatliés  that contain imperfect

classifying information from variables datednd earlier, we can write the

probability thatR , ; = Ril asq(M,) . Therefore, the unconditional

probability density function of each observation is
a(My) QR 4 1 —hg(bY) + [1-a(My] Cp(R,, ; —hc(by) (A5)

and the likelihood function for a set 6observations
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T
[1 {aMp LR, —hgby) + [1-a(M)] (R, ; —hc(by))} . (AB)
t=1

Maximizing this likelihood function therefore estimates both (Al)
and (A2) simultaneously with a set of parameterscgfov,) , and can be
shown to lead to consistent and efficient estimates without the need for
priori restrictions on which observations correspond to a given regime. (See
Goldfeld and Quandt (1973) and Kiefer (1978) for proofs). A variety of
other estimation approaches have been suggested, with various strengths
and weaknesses. Hartley (1978) suggests using the EM algorithm, which is
equivalent to maximizing the likelihood function but may be
computationally easier. Mehta and Swamy (1975) propose a Bayesian
approach, and Quandtand Ramsey (1978) suggest using a moment-
generating-function method. It is well understood in this literature that the
likelihood function is unbounded, but that a local maxima exists that has the
desirable properties claimed above.

Transforming the bubble model from Section 1 into a form that can

be estimated requires several additional pieces of information: functional

forms forhg(b,) andh.(b,) ; a functional form and explanatory variables for

q(M,); and distributional assumptions fef+ 1 e:il (which will imply
functional forms for@g ¢@- ). To keep the computational difficulty of

estimation manageable, one can take a first-order Taylor series expansion of

(14) and (16) around some arbitrary vabde  to obtain:
h®) = Bsy+ BspP (A7)

he(B) = Beo * B (A8)
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where the model (from (15) and (17)) implies ti&t, >0 B,,<0
Furthermore, equation (9) implies thgt  should give information on the

probability of observingor C, so one can udd, = b, . In choosing a form

for q(.), it is important to ensure thg(.) will be bounded between 0 and 1,

and that it is not monotonic ib,  (since it should be decreasing as either

positive or negative bubbles grow in absolute value). One such candidate

would be a logit function of the formy(b,) = CD(BqO+[3qb Ebf) where

qu>0 and ®(x)= (1+e¥) 1 is the logistic cumulative distribution
function. However, if the fundamental exchange ﬁ%te IS misspecified by
some constant amoukso that the true size of the bubblétis: bt + Kk , this

would forceq to have its maximum dt, = —k insteadfyf= 0 . This can

be avoided by using the more general functional form
a(by) = DBy + Bapsby + Bypby) (A9)

which still has the testable implication from (11) tﬁ%2 >0/ Finally, we

will assume thate5 eU follow i.i.d. normal distributions with mean 0O

t+1" ~t+1

and standard deviations; amgt . This means that the log-likelihood

function for the bubble model, IIf(.), can be written as

7. The reader may verify that(b) can still have a minimum Bat: 0 if
Bgor = —2 [k By, However, so long a8, >0 q(b)  will eventually fall x|
becomes large relative to the size of the measurementkerror
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T m )

+ _B _B b 0
=) Ingg¢(ﬁqo+ Bgu1br + Bynabt) EtF’(Rt b LR
t=1

/0]
Og ) SO

R’[+1_BCO_BCbbt
o)

oot
(0)
c Snln

O 2
+E[l_ cl)(qu + qulbt + quzbt)] [t
(A10)

where @ (.) is the standard normal probability density function. The model
can then be estimated by maximizing the likelihood function directly, or by
using an indirect method, such as the EM algorithm proposed by Hartley
(1978). In practice, the EM algorithm tends to converge more slowly than
direct estimation methods, but is more robust to the starting point. For that

reason, the EM algorithm was used to produce good starting estimates for

direct ML estimation.

Data definitions
The spot exchange rates and the one-month forward premium/

discount rates used to generde, ; were taken from the Bank of

International Settlements data base. The DM/U.S.$ spot rate is the official
fixing at 13:00 Frankfurt time, while its forward rate is the middle market
rate around noon Swiss time. The yen/U.S.$ spot and forward rates are the
Tokyo market closing middle rate and the London middle market rate at
around noon Swiss time, respectively. Both spot and forward rates for the
C$/U.S.$ are London middle market rates at around noon, Swiss time.
Excess returns are calculated based upon the following conventions:

I) The spot settlement date is two business days after the trading date
except for the C$/U.S.$, for which the settlement date is one business day
after the trading date.
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i) The one-month maturity date is the same day as the spot
settlement date moved forward to the next month, unless the maturity date is
not a valid business date in either of the two home markets. In this case, the
maturity date is delayed until the next business day valid in both countries.
However, if the previous conventions take us out of the month, we move
backwards to the first suitable one-month maturity date.

i) However, if the spot settlement date is the last valid business day
of the current month, then the one-month maturity date is the last business
day of the next month.

PPP exchange rates are real effective exchange rates taken from
Morgan Guaranty'$\Vorld Financial Marketswhich is based on wholesale
price indices for 18 Industrial countries and 22 less-developed countries.

The real long interest rates are constructed by using year-over-year
CPI inflation as a proxy of expected inflation. The interest rate differential

measures are then constructed by using the formula:

0 US 10
diff = E“—Lme% (A11)
1+r
wherer”® is the U.S. real long-term interest rate and’ Is the real rate

for the differential country. The long-term interest rates are based on 7 to 10-
year government bonds for each nation.

Finally, the overshooting-model exchange rates were calculated
using data from a variety of sources. Money supplies were taken to be
national measures of M1, prices were national CPIs, output measures were
indices of industrial production, and interest rates were 30-day money

market or commercial paper rates.
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Models of Fundamental Exchange Rates
This section provides more detail on the real interest parity and the

overshooting models of exchange rate fundamentals. Real interest parity
requires that the real interest differentials correspond to expected changes in

real exchange rates, or
T
E(Qi k—Q) = ri—T, (A12)
T
Qt = St - pt + pt (A13)

whereQ, is the logarithm of the real exchange rate atttipgeandp{ are the

logarithms of the domestic and foreign price levels, is the logarithm of the

sum of 1 plus the k-period real interest rate at time ft, laind is the

corresponding transformation of the k-period foreign real interest rate. (Since
nominal uncovered interest parity implies real uncovered interest parity, the
discussion of the validity of the uncovered interest parity assumption in the

context of definingR,, ; applies here also.) If one assumes that no changes

are expected in the long-run real exchange rate, then
Qs - Q as k > o (A14)

where Q is this long-run value. This model can be used to determine
fundamental exchange rates by using a suitably largkis implies that the
k-period real interest rate differential gives us an index of the fundamental
real exchange rate, since (A12) then gives

L T

Q_Drt_rtH = Q- (A15)

To convert this into a measure of bubble size simply requires
LJ LI | T
b, = s—p—POt 10— Q - (A16)
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Note that the addition of a constant risk premium to (A13) would have the
same effect as a shift @ , shifting the intercept term but maintaining a one-
to-one relationship between,—rj5 amd , and therefore maintaining the
validity of (A15)and (A16).

Overshooting model of the exchange rate all begin with nominal

uncovered interest parity
. T
E(Si+1—S) = i~ (A17)

and substitute out the interest rates using money-demand equations of the

general form
m—p; = _aODt+a1 Eyt+a2 D(mt_l_pt_l) (A18)

where m, p,, ¥, represent the log of relative money supplies, prices and
output, respectively, an@<a,<1 . (Woo (1985) uses a slightly more
general form, allowing for different coefficients on foreign and domestic
output.) If we then assume that relative prices adjust slowly to their PPP

values:
S—Py = a0(s_1—P_q) - (A19)

West (1987) shows we can solve for the exchange rate, obtaining

S = vs_q B %ON' 7)) (A20)
S
where
z, = (May) O(m—a,m_,—ay,) ; (A21)
y = {1+a,—,/(1+a))2-4a,a,} / (2a,) ; (A22)

/home/int/vann/fm/swpfx/swfx_jae.acc 9 August 1995 13:50



Page 42 of 57

and

A= (2a)/{1+ay+ [(1+ay)2-4ag,} . (A23)

Experimentation with alternative estimatewgfa1 an showed
that reasonable estimates of the fundamental exchange rate could be
obtained usin@, = 0.5 @, = 1.0 and, = 0.9 on monthly data. Results
using a slightly different calibration were reported in van Norden (1993),
but gave largely similar results. Instability of the money-demand functions
in the 1980s could potentially cause this model to undergo structural shifts.
Attempts to estimate parameters directly and allow for these shifts gave very
poor results, with fundamental exchange rates that differed from actual rates
by factors of 10 or more. In contrast, use of the constant parameter values
given above gave fundamental rates that seemed reasonable over the full

sample.
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Spot exchange rates and bubble size
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The bubble is constructed as the log of the spot exchange rate less the log
of the fundamental exchange rate and is defined to have a mean of zero.
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Figure 2

Page 50 of 57

Ex ante probability of bubble collapse and
expected difference in returns across regimes
Canada - overshooting model
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Figure 3
Spot exchange rates and bubble size
Japan - PPP model
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The bubble is constructed as the log of the spot exchange rate less the log
of the fundamental exchange rate and is defined to have a mean of zero.
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Figure 4

Page 52 of 57

Ex ante probability of bubble collapse and
expected difference in returns across regimes
Japan - PPP model

| 0.010

1 0.008

1 0.006

1 0.004

1 0.002

1 0.000

1 -0.002

1 -0.004

1 -0.006

‘1978‘

71980

1082

1984

1086

: : : -0.008
1988 1990

9 August 1995 13:50

E(R|S) - E(RIC)

monthly rates



Bubble size

0.12]

0.10¢+

0.08

0.06¢+

0.04¢

0.02¢

0.00¢+

-0.02 |

-0.04 |

-0.06 |

-0.08 |

/home/int/'vann/fm/swpfx/swfx_jae.acc

Figure 5

Expected excess returns
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The bubble is constructed as the log of the spot exchange rate less the log
of the fundamental exchange rate and is defined to have a mean of zero.
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Expected excess returns
Japan - PPP model
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The bubble is constructed as the log of the spot exchange rate less the log
of the fundamental exchange rate and is defined to have a mean of zero.
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Figure 7
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Probability of a two-standard-deviation outlier
Canada - overshooting model
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Figure 8
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Probability of a two-standard-deviation outlier

Japan - PPP model
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Figure Al - Actual and Fundamental Exchange Rates
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