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Abstract

This paper investigates the relationship between the euro-dollar exchange rate and its
underlying fundamentals. First, we develop a simple theoretical model in which chartists and
fundamentalists interact. This model predicts the existence of different regimes, and thus non-
linearities in the link between the exchange rate and its fundamentals. Second, we account for
non-linearity in the exchange rate process by adopting a Markov-switching vector error
correction model (MSVECM). Finally, the paper investigates the out-of-sample forecast
performance of three competing models of exchange rate determination. The results suggest
the presence of nonlinear mean reversion in the nominal exchange rate process. The
implications are that different sets of macroeconomic fundamentals act as driving forces of
the exchange rates during different time periods. More interestingly, the nonlinear
specification significantly improves the forecast accuracy during periods when the deviation
between exchange rate and fundamentals is large. Conversely, when the exchange rate is close
to its equilibrium value it tends to be better approximated by a naive random walk.
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1 Introduction

One of the most pervasive pieces of econometric evidence we have about the
exchange markets is that it appears to be difficult, if not impossible, to find
a linear relation between the exchange rate and its underlying fundamentals
that will remain stable over a sufficiently long period of time. Ever since the
path breaking research of Meese and Rogoff (1983) who observed that the
link between the exchange rate and its fundamentals is structurally unstable,
the evidence about the unstable nature of linear econometric models of the
exchange rates has continued to accumulate (see Cheung (2005)!.

True there have been claims of empirical success in estimating linear
models (see e.g. Mark(1995)), but each time the sample period was extended
or when slight changes in specifications were made structural breaks in these
linear models appeared (Faust, et al.(2003)). As a result, it is fair to conclude
that the relation between the exchange rate and its fundamentals is most
probably a non-linear one.

This insight has led to a mushrooming of studies explicitly incorporat-
ing non-linearities between the exchange rate and its fundamentals. Many
of these studies utilize the Multiple Regime Smooth Transition Autoregres-
sive model (MR-STAR) to evaluate the nonlinear relationship between the
exchange rate and its fundamentals®. Introduced by van Dijk and Franses
(1999), these models generalize the well-known STAR models®. Taylor and
Peel (2000), for example, employ an exponential smooth transition autore-
gressive (ESTAR) model to analyse the non-linear relationship between the
exchange rate and its fundamentals in the US, UK and Germany. The re-
sults indicate that during periods of small deviations from fundamentals the
exchange rate exhibits a unit-root. In contrast, the authors detect a rapid
adjustment of the exchange rate toward its underlying fundamentals when
there are large deviations from the equilibrium. Using the same methodol-
ogy Taylor et al. (2001) find strong support for the nonlinear representation
of exchange rate deviations from PPP.

Other studies have applied Hamilton’s (1989) Markov-switching model
to the foreign exchange markets and found evidence of frequent shifts of

!See also Baillie and Selover (1987), McNown and Wallace (1989), and Baillie and
Pecchenino (1991).

%See for example, Micheal et al. (1997); Sarno (2000); Sarantis (1999); Taylor and Peel
(2000) and Baum et al. (2001).

#STAR (Smooth Transition Autoregressive) models were originally introduced by
Terasvirta and Anderson (1992). Their statistical properties are studied in Luukkonen
et al. (1988), Luukkonen and Terasvirta (1991), Granger and Terasvirta (1993), Eitrheim
and Terasvirta (1996).



regimes in the relation between the exchange rate and its fundamentals (En-
gel and Hamilton (1990), De Grauwe and Vansteenkiste (2001), Frommel et
al. (2005)). Sarno et al. (2003) used a Markov-switching vector equilibrium
correction model (MS-VECM) in order to study the dynamic relationship
between the exchange rate and fundamentals in six industrialized countries
using data spanning over one hundred years. Their results suggest that the
speed at which exchange rate converges to the long-run fundamental equi-
librium mostly depends on the nominal exchange rate regime in operation.

Thus there is increasing evidence that the relation between the exchange
rate and its fundamentals has important non-linear features. These explain
why linear models are not robust in long sample periods.

In this paper we analyze two issues. First we study how this empirical
evidence can be reconciled with the theory. In order to do so we propose a
simple exchange rate model with heterogeneous agents. This model predicts
that the relation between the exchange rate and its underlying fundamentals
is subject to frequent regime shifts. Second, we analyse the nature of these
regime shifts empirically using evidence of the dollar/DM (euro) exchange
rate.

The remainder of the paper proceeds as follows. Section 2 proposes a
theoretical model that incorporates nonlinearities in the exchange rate dy-
namics. In Section 3 we estimate a linear vector error correction model
and test for possible non-linearities in the residuals. Section 4 discusses the
econometric methodology used in order to analyze the way in which mon-
etary fundamentals affect the exchange rate depending on the state of the
economy. In Section 5 we compare the out-of-sample forecast performance
of three competing models of exchange rate determination. In Section 6
concluding remarks end the paper.

2 Theoretical Framework

The empirical evidence suggests that the relationship between the exchange
rate and the fundamentals is a non-linear one, characterized by frequent
changes in the regimes linking the exchange rate to the fundamentals. Tra-
ditional linear rational expectations models cannot account for this except
by introducing exogenous changes in regimes, i.e. by leaving these switches
unexplained.

In this section we develop a very simple exchange rate model that ex-
hibits endogenous switches in regimes. We start by defining the fundamental
exchange rate. This is the exchange rate that is consistent with equilibrium



in the real part of the economy. In a very simple model this could be the Pur-
chasing Power Parity-value of the exchange rate. In more elaborate models
(e.g. the monetary model, or the Obstfeld-Rogoff new open economy macro
model (Obstfeld and Rogoff(1996)) this fundamental exchange rate could be
determined by the interaction of more variables than the price levels. Here
we assume that the fundamental exchange rate, ey, is exogenous and that it
behaves like a random walk without drift. This implies:

ef =€l t+e (1)
where ¢; is a white noise error term.

We now model the way agents make forecasts about the future exchange
rates. We assume that agents can use two types of simple forecasting rules.
One type of forecasting rule will be called fundamentalist, and agents who
use such a rule will be called fundamentalists for short. The second type of
rule will be called chartist and the agents who use this rule will be labelled
chartists. We will also use the term ’technical analysts’ interchangeably.

The fundamentalists are assumed to know the fundamental exchange
rate. They compare the present market exchange rate with the fundamental
rate and they forecast the future market rate to move towards the funda-
mental rate. In this sense they follow a negative feedback rule. This leads
us to specify the following rule for the fundamentalists:

Eri(Aetr1) = —th(er — ef) (2)
where Ey; is the forecast made in period ¢ by the fundamentalists using
information up to time ¢, e; is the exchange rate in period t, Ae; is the
change in the exchange rate, and ¥ > 0 measures the speed with which the
fundamentalists expect the exchange rate to return to the fundamental one.
This parameter is presumably related to the speed of adjustment of prices
in the goods market, but we do not specify its precise link with this speed
of adjustment.

The chartists are assumed to follow a positive feedback rule, i.e. they
extrapolate past movements of the exchange rate into the future. We will use
the simplest possible hypothesis here: we assume that chartists extrapolate
only last period’s exchange rate into the future. The chartists’ forecast is
written as:

Eci(Aery1) = fAey (3)

where E,; is the forecast made by the chartists using information up to
time t, and [ is the coefficient expressing the degree with which chartists
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extrapolate the past change in the exchange rate; we assume that 0 < 5 < 1
to ensure dynamic stability?.

The next step in our analysis is to specify how agents evaluate the use-
fulness of these two forecasting rules. The general idea that we will follow
is that agents use one of the two rules, compare their profitability ex post
and then decide whether to keep the rule or switch to the other one.

In order to implement this idea we use a fitness criterion in the spirit of
Brock and Hommes (1997), (1998) which is based on discrete choice theory®.
This means that the fractions of the total population of agents using chartist
and fundamentalist rules are a function of the relative (risk adjusted) prof-
itability of these rules. We specify this procedure as follows:

/
expym
wfe = 7 - 7 (4)
eXpYTyy + exXp YTy
eXp ey

exp Yy, + expyme

Wet =

)

where wy; and w.; are the fractions of the population who use funda-
mentalist, respectively chartist forecasting rules. Obviously wy; + we¢ = 1.
The variables 7’ T and 7rct are the (risk adjusted) profits realized by the
use of chartists’ and fundamentalists’ forecasting rule in period ¢, i.e. 7/ =
Tft — ;wﬁt and 7, = et — ;wC’t and mr; and m.; are the profits made
in forecasting, while O‘%t and ait are variables expressing the risks chartists
and fundamentalists incur when making forecasts. As a measure of this risk
we will take the forecast errors. Finally p is the coefficient of risk aversion.

Equation (4) can now be interpreted as follows. When the risk adjusted
profits of the technical traders’ rule increase relative to the risk adjusted
profits of the fundamentalists’ rule, then the share of agents who use tech-
nical trader rules in period ¢ increases, and vice versa. The parameter ~
measures the intensity with which the technical traders and fundamental-
ists revise their forecasting rules. With an increasing -y agents react strongly
to the relative profitability of the rules. In the limit when + goes to infinity
all agents choose the forecasting rule which proves to be more profitable.
When ~ is equal to zero agents are insensitive to the relative profitability of

‘For more information on technical analysis and chartism see James(2003).

®This specification is often applied in discrete choice models. For an application in the
markets for differentiated goods, see Anderson, et al. (1992). There are other ways to
specify a rule that governs the selection of forecasting strategies. One was proposed by
Kirman (1993). Another one was formulated by Lux and Marchesi (1999).



the rules. In the latter case the fraction of technical traders and fundamen-
talists is constant and equal to 0.5. Thus, v is a measure of inertia in the
decision to switch to the more profitable rule.

We now go into the problem of defining with more precision the profits
and the risk associated with it. We define the profits as the one-period
earnings of investing $1 in the foreign asset. More formally,

Tig = ler (1 +7%) — e (L + 7)) sgn [(1+7%) El (er) — (1+ re—1] (5)

1 forz>0
where sgn|z] = 0 forz=0 andi=c,f
-1 forz <0

Thus, when agents forecasted an increase in the exchange rate and this
increase is realized, their per unit profit is equal to the observed increase
in the exchange rate (corrected for the interest differential). If instead the
exchange rate declines, they make a per unit loss which equals this decline
(because in this case they have bought foreign assets which have declined in
price).

Finally we specify the risk variables in the following way. As mentioned
earlier, we define the risk associated with forecasting to be the forecast
error. In the logic of the short-run memory hypothesis used in this section
we assume that agents just look at last period’s forecast error. Thus we
have:

2 ‘ 2
Oit — [EZ—1 (er) — et] (6)
We now aggregate the forecasts of chartists and fundamentalists to ob-
tain the aggregate market forecast. The market forecast of the exchange rate
change can be written as a weighted average of the expectations of chartists
and fundamentalists, i.e.

EiAei1 = —wyph(er — ef) + we i fAe (7)

where wy; and we; are defined in (4).

The realised change in the market exchange rate in period t+1 equals the
market forecast made at time ¢ plus some white noise errors, €41 occurring
in period ¢t + 1 (i.e. the news that could not be predicted at time ¢). We
obtain:

Aet+1 = —wf7t¢(€t — 6:) + wcﬂgﬁAet + €t4+1 (8)



We now have all the equations of the model, and we can start analysing
its characteristics.

The non-linear structure of our model does not allow for a simple ana-
lytical solution. As a result we have to use numerical simulation methods.
One drawback of this approach is that we cannot easily derive general con-
clusions. We will compensate for this drawback by presenting sensitivity
analyses of the numerical solutions. The simulations we perform are sto-
chastic. Stochastic shocks occur in the model because the fundamental ex-
change rate is driven by a random walk (see equation (1)) and because there
is noise in the process determining the market exchange rate (see equation
(7). We will assume that the noise process in these equations are normally
distributed with mean equal to 0, and standard deviation equal to 0.1.

We present two examples of stochastic simulations that are quite typi-
cal for the kind of dynamics predicted by our model (see figure 1)5. The
two upper parts of figure 1 present the simulated market and fundamental
exchange rates obtained in two different simulation runs, using the same
parameter configurations. The two lower parts present the corresponding
shares of the chartists.

The most striking features of these simulations are the following. First,
it appears that the exchange rate is very often disconnected from the fun-
damental exchange rate. This means that the market exchange rate follows
movements that are dissociated from the fundamental rate. This is espe-
cially obvious in the first simulation run (left panels), where we find that the
exchange rate is disconnected from the fundamental most of the time. In
the right hand panel there are many periods of disconnection, but these are
less frequent. This leads to a second feature of these exchange rate move-
ments. There appear to be two regimes. In one regime the exchange rate
follows the fundamental exchange rate quite closely. These "fundamental
regimes" alternate with regimes in which the fundamental does not seem
to play a role in determining the exchange rate. We will call these "non-
fundamental regimes". The nature of the latter can be seen in the lower
panels of figure 1. Non-fundamental regimes are characterized by situations
in which the chartists’ weights are very close to 1. In contrast, fundamen-
tal regimes are those during which the chartists weights are below 1 and
fluctuating significantly. These two regimes appear to correspond to two
types of equilibria. Thus, a fundamental regime seems to occur when the
exchange rate stays within the basin of attraction of a fundamental equilib-

In De Grauwe and Grimaldi(2005) an extensive sensitivity analysis is performed indi-
cating that our results are robust for a wide spectrum of parameter values.



rium. In such a regime the exchange rate movements stay very close to the
fundamental exchange rate. Conversely, a non-fundamental regime seems to
occur when the exchange rate moves within the basins of attraction around
bubble equilibria.

exchange rate

chartists weight

80

70

o8

0.6

0.4

0z

Market and fundamental exchange rate
psi=0.2 beta=0.9; gamma=5;

—— exchange rate
------ fundamental rate

n L . L . . . L L )
1000 2000 3000 4000 5000 6000 7000 B000 S000 10000
time

weight of chartists

exchange rate

ot

-60
o

Market and fundamental exchange rate
psi=0.2, beta=0.9; gamma=5

—— exchange rate
-oo--- fundamental rate

1000 2000 3000 4000 5000 B000 7000 8000 9000 10000
time

weight of chartists

psi=0.2; beta=0.9; 5

chartists weight

psi=0.2; beta=0.9; gamma=>5;

. L L L L . L L .
1000 2000 3000 4000 5000 GOOO 7000 8000 2000 100
time

. L . L . L L . L
1000 2000 3000 4000 5000 6000 7000 8000 2000 10000
time

Figure 1: Stochastic Simulations of the Model

We also note from figure 1 that fundamental and non-fundamental regimes
alternate in unpredictable ways. The left hand panels show a simulation
during which non-fundamental regimes tend to dominate, while the right
hand panels show a simulation during which fundamental regimes are more
frequent. The two simulations, however, were run with exactly the same
parameters. The only difference is the underlying stochastic of the funda-
mental exchange rate.

As mentioned earlier the numerical solutions are sensitive to the para-
meter values chosen. We illustrate this sensitivity by presenting simulations
assuming different parameter values. Figure 2 shows the results of stochas-



tic simulations of the model for different values of . It will be remembered
that v measures the sensitivity of the switching rule to risk adjusted profits.
Thus when ~ is high agents react strongly to changing profitabilities of the
forecasting rules they have been using. Conversely when + is small they do
not let their forecasting rules depend much on these relative profitabilities.
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Figure 2: Model Sensitivity Analysis

The results shown in figure 2 are quite remarkable. We find that when
is large, the exchange rate tends to deviate strongly from the fundamental
value most of the time. Thus, when + is high the exchange rate seems to
be attracted most of the time by non-fundamental equilibria. Conversely,
when agents are not very sensitive to relative profitabilities (low ) the
exchange rate follows the fundamental rate closely, suggesting that it is then
attracted by the fundamental equilibrium most of the time. This result is



quite surprising. It implies that when agents come closer to being rational,
i.e. they always select the most profitable forecasting rule, the exchange rate
deviates most strongly from the fundamental. Put differently, when agents
are very rational the market exchange rate becomes a poor reflection of the
underlying fundamental value.

The existence of two types of equilibria, a fundamental and a non-
fundamental one, is shown in figure 3. This shows the result of a deter-
ministic simulation of the model.

exchange rate as function of initial conditions and gamma
psi=10.2, heta=l].9,. alfa=rho=0

exchange rate

o .
gamma 10 initial conditions

Figure 3: Deterministic Simulation of the Model

This is a simulation where the stochastics is eliminated. We then solve
the model numerically for different initial conditions (x-axis) and for dif-
ferent values of v (y-axis)”. The vertical axis shows the solution of the

exchange rate. This is obtained by simulating the model long enough until

"In De Grauwe and Grimaldi (2005) sensitivity analyses involving other parameters of
the model are also performed.
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the exchange rate converges to a fixed point equilibrium. Note that we have
normalized the fundamental equilibrium to be zero. As a result the vertical
axis shows the equilibrium exchange rate as a deviation from the fundamen-
tal value. We find that for low values of + the exchange rate converges to
zero, i.e. to the fundamental value. When « increases, however, the space of
fundamental equilibria shrinks, and the space of non-fundamental equilibria
increases. The latter are fixed point equilibria that permanently deviate
from the fundamental equilibria. These equilibria are characterised by the
fact that the share of the chartists has converged to 1, thereby eliminating
the mean reversion dynamics that is exerted by the fundamentalists.

Thus the model shows that non-fundamental equilibria are possible and
that the condition for their occurrence is that the chartists dominate the
market. The latter is made possible by the fact that a sufficiently large initial
disturbance creates a profitable chartist forecasting strategy that becomes
self-fulfilling and attracts the other agents in the market. When the model
is implemented in a stochastic environment it predicts that there will be
frequent switches between fundamental and non-fundamental regimes. In
the next sections we test this proposition empirically.

3 Empirical testing

The purpose of our empirical testing strategy is twofold. First, we want to
find out whether there is evidence for regime switches. Second we want to
explore the nature of these regimes.

In this section we perform some diagnostic tests. These aim at finding
out whether there is evidence of non-linearities in the exchange rate data.
In the next sections (section 4) we then turn to testing for regime switches.

In order to test for non-linearity in the exchange rate dynamics we pro-
ceed as follows. First, we estimate a linear VECM with the maximum like-
lihood technique. Then, we check the non-linearity of the residuals by em-
ploying a battery of standard tests. The sample period, for both the Euro
Area and the United States, goes from 1979:1 to 2004:4. The data used in
the empirical analysis for the USA are seasonally adjusted quarterly observa-
tions and were drawn from DataStream, which, in turn, takes the data from
OECD Main Economic Indicator Database. The aggregate variables for the
Euro Area, instead, come from the dataset used by Fagan et al. (2001) to
construct the Area-Wide Model for the Euro Area. As the last data set ends
in 1998:4 we extend the time series by adding the data reported in the ECB
Monthly Bulletin. Finally, the pre-EMU exchange rate is approximated by

11



a synthetic Euro/US dollar rate®.

3.1 Linear Vector Error Correction Model

We assume that the equilibrium value of the Euro-dollar exchange rate is
determined by a set of economic fundamentals. The study concentrates on
three of such fundamentals: the relative GDP, the relative inflation rate and
the interest rate differential. In order to characterize the long-run dynamic
adjustments, we use the following vector error correction model (VECM):

k—1
Az =c+ Z DAz 4+ Tay g + & (9)
i=1
we = [ye m ir €]

In the above model, y; is the GDP differential, measured as the differ-
ence between the EU and USA real GDP; m; represents the inflation rate
differential?; 4; is the short term interest rate differential, and e; is the euro
dollar exchange rate.

The residuals from the cointegrating vector, lagged once, act as the er-
ror correction term!?. This term captures the disequilibrium adjustment of
each variable towards its long-run value. The parameter on the error correc-
tion terms in each individual equation indicates the speed of adjustment of
this variable back to its long-run value. A significant error correction term
implies long-run causality from the explanatory variables to the dependent
variables. The matrix II is usually decomposed as:

II=af (10)

where « and 3 are n X r matrices, n is the number of variables and r is the
number of cointegrating relationships, containing the adjustment coefficient
and the cointegrating vector, respectively; A is the first difference operator.
In this form all terms are stationary, that is integrated of order zero, denoted
1(0).

The system can be written as:

8Details on the aggregation methodology for the Pre-EMU exchange rate time series
are given in Appendix.

9The inflation rate in each country is calculated as the percentage change in the annual
CPI inflation rate, i.e. 100(log CPI; —log CPI;_4).

10This means that the deviation of the nominal exchange rate from its fundamental
value can be written as follows: devy = ex — (y¢ + ¢ + it).

12



Ay Ay a1l Yi—1 uf
Aﬂ‘t o A?thl a1 T¢—1 u,?
Ni, | T I'(L) Aiy_1 + a1 B11 Bia Bis B4l i1 + ol
Aey Aepq Q1 er—1 uy

(11)

We estimated this model by using the maximum likelihood procedure
developed by Johansen (1988, 1991).

The results are reported in table 1.

For the inflation rate differential, the interest rate differential and for the
exchange rate equations the adjustment coefficients (EC) are significantly
different from zero, meaning these variables adjust to restore the long-run
equilibrium. By contrast, in the GDP equation the error correction term
is not significant. As «q1 is not statistically different from zero, the GDP
differential is said to be long-run weakly exogenous with respect to the long-
run equilibrium.

The absolute value of « gives information about the number of quarters
needed to restore the long-term equilibrium. Specifically, for values of «
close to unity, adjustment is very fast, with the disequilibrium being totally
eliminated within one quarter. For 0 < a < 1 the dynamic adjustment path
will be monotonically convergent.

13



Ay, Az, ai, de,
Constant -0.091 -0.002 0.153 -0.220

[0.07] [0.09] [0.10] [0.48]
Ay 0265  -0216 0263  -0.576
[0.10] [0.12] [0.13] [0.17]
Ay 0.308 0130 0391  -0.454
[0.10] [0.12] [0.13] [0.65]
Ar -0.098 -0.176 -0.054 0.199
[0.07] [0.09] [0.10] [0.09]
Az, 0030  -0.380  0.108 1.105
[0.07] [0.09] [0.10] [0.49]
Ai 0.084 0.101 0.007 -0.431
[0.08] [0.10] [0.10] [0.15]
Ai -0.394 0.067 -0.451 -0.035
[0.08] [0.10] [0.11] [0.52]
Ae, 0.000 0.017 0.038 0.322
[0.02] [0.02] [0.02] [0.10]
Ade,; 0.005 0.039 -0.006 0.081
[0.02] [0.02] [0.02] [0.11]
EC,, -0.001 -0.021 -0.014 0.080
[0.005] [0.006] [0.007] [0.033]

Table 1: ML estimates of the linear VECM(2)

In our case, the estimated error-correction coefficients in the inflation
and interest rate equation, i.e. the speed of adjustment to the long-run
equilibrium, are quite low (0.021 and 0.014, respectively). After almost
eight years, 50 percent of the disequilibrium gap created by the shock has
been closed by the adjustment in inflation rate'!.

The interest rate effect on the long term equilibrium is even slower.
In fact, it takes more than twelve years for the interest rate to close the 50
percent of the disequilibrium. Only the exchange rate has a short-time effect
on the long-term equilibrium. According to our estimates, the exchange rate
closes the 50 percent of the gap in almost two years.

The results obtained in the analysis corroborate the so-called exchange
rate disconnect puzzle. This puzzle, coined by Obstfeld and Rogoff (2001),
states that there is a lack of relationship between exchange rates and macro-
economic fundamentals over short to medium horizons.

"Tn order to obtain the number of quarters (1) required to dissipate % of a shock
we use the following formula: (1 — «)” = (1 — 2%), where « is the absolute value of the
estimated speed adjustment parameter.
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3.2 Testing for Non-linearity

Next we check for non-linearity of the residuals by using three of the most
popular tests. We apply the BDS, the Reset and Tsay test to the residuals
of each equation in the VECM system, i.e. the output gap differential, the
inflation rate differential, the interest rate differential and the exchange rate.
The null hypothesis for these tests is that the residual generating process is
linear. Table 2 and table 3 show the results.

Dimension e =050 e = 1.00 e =150

Asymptotic  Bootstrap Asymptotic  Bootstrap Asymptotic  Bootstrap
GDP Differential

2 6.5E-01 6.6E-01 4.2E-01 3.8E-01 4.8E-01 4.6E-01
3 6.0E-01 6.0E-01 1.9E-01 2.1E-01 1.7E-01 2.0E-01
4 6.0E-02 2.2E-01 2.8E-02 6.2E-02 2.0E-02 4.3E-02
5 4.6E-02 2.6E-01 1.1E-02 4.4E-02 2.8E-03 1.3E-02
6 3.1E-02 3.0E-01 1.5E-02 5.4E-02 9.2E-04 9.2E-03
Inflation Differential
2 4.4E-04 1.6E-02 1.5E-01 1.9E-01 1.8E-02 5.2E-02
3 6.5E-03 6.6E-02 6.1E-02 1.1E-01 2.7E-02 5.8E-02
4 24E-05 3.0E-02 1.9E-02 5.2E-02 2.1E-02 5.3E-02
5 3.7E-06 4.3E-02 2.6E-03 2.8E-02 6.5E-03 3.3E-02
6 1.3E-05 9.8E-02 1.0E-04 1.4E-02 3.8E-03 2.8E-02
Interest rate Differential
2 3.7E-08 0.0E+00 8.1E-07 0E~+00 2.3E-02 7.0E-02
3 1.0E-15 0.0E+00 1.0E-11 0E+00 9.8E-05 2.8E-03
4 3.0E-30 0.0E+00 9.2E-16 0E+00 3.4E-06 8.0E-04
5 9.3E-47 0.0E+00 3.5E-21 0E+00 3.4E-08 0.0E+00
6 1.4E-69 8.0E-04 2.7E-27 0E+00 7.7E-10 0.0E+00
Exchange Rate
2 3.0E-03 2.9E-03 5.3E-03 6.4E-03 5.9E-03 7.1E-03
3 4.9E-04 1.9E-03 8.7E-03 7.8E-03 1.1E-02 1.1E-02
4 6.0E-04 9.7E-04 2.2E-03 7.1E-03 1.3E-03 1.4E-02
5 5.9E-04 4.3E-04 2.3E-03 5.7E-03 9.4E-05 1.5E-02
6 3.2E-04 1.7E-04 3.3E-05 4.2E-03 1.2E-02 1.4E-02

Table 2: BDS Test statistics

The tables report, for each equation from the VECM, the p-values under
the null hypothesis that the corresponding residual is a serially i.i.d. process.
Table 3 also reports the bootstrapped p-values for the BDS test statistic.
All tests reject the null hypothesis of a linear generating mechanism for
the residuals of the selected variables. The analysis altogether suggests the
presence of non-linearities in the residuals. This evidence corroborates the
decision of estimating the model in non-linear form.
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TSAY RESET

GDP Differential 3.0E-02 7.0E-02
Inflation Differential 5.9E-03 6.9E-03
Interest rate Differential 4.9E-02 4.6E-02
Exchange Rate 1.9E-02 9.0E-03
Distribution F(4,88) F(2,92)

Table 3: Tsay and Reset Test statistics

4 Modelling non-linearity: an MS —-VECM

We account for non-linearity in the selected variables by estimating a multi-
variate Markov-switching model. In the MS-VECM framework, the shocks
to each variable in the model are allowed to influence the transition proba-
bilities of moving from one phase to another.

The asymmetry of the effects is captured by allowing for state-dependent
parameters where the latent state variable follows a Markov-switching process.
The idea behind this class of models is that the parameters underlying the
data generating process of the observed time series vector x; depend upon
the unobservable regime variable sy, which represents the probability of be-
ing in a different state of the world.

This variable s; is governed by an ergodic Markov chain, which is defined
by the following transition probabilities:

P11 P12 - DPim
. . ~ P21 P22 - P2m

pij = Pr(siy1 =715t =1) P = . . .
Pm1i Pm2 °°° DPmm

where p;; is the probability that state ¢ is followed by state j and P isthe
correspondent transition matrix. The idea is that the relation between the
exchange rate and fundamentals is time-varying but constant conditional on
the stochastic and unobservable regime variable.

Within this framework we can address two different questions. The first
relates to the extent of currency misalignments. The second concerns the
identification of the driving forces that govern the adjustment of the ex-
change rate and fundamentals toward their long-term equilibrium.
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4.1 Analysing Non-linear Exchange rate Dynamics

As in the linear case, we assume that the equilibrium value of the Euro-
dollar exchange rate is determined by a set of economic fundamentals, i.e.
the relative GDP, the relative inflation rate and the interest rate differential.

Starting from the equilibrium exchange rate retrieved by computing a
cointegrating vector we can provide a measure of the possible misalignment
by comparing this equilibrium value with the actual exchange rate.

The model we estimate is a Markov-switching-intercept-autoregressive-
heteroskedasticity-VECM model (MSIAH(m)-VECM(p)) and takes the fol-
lowing form:

k—1
Azy=c(s) + > Ti(s)Azi+ a(s)B z1 + & (12)
i=1

where the residuals are conditionally Gaussian, e |s; ~ NID (0,%(s¢)).

This specification allows for regime shifts in the intercept!'?, the autore-
gressive coefficients, the speed of adjustment component in the cointegration
matrix and the variance-covariance matrix. In our analysis, the regime-
dependent cointegrating vector provides information about the adjustment
process through which the long-term relationship between the exchange rate
and fundamentals evolves during different periods of time. Table 4 shows
the maximum likelihood estimates of the above model.

The LR linearity test significantly rejects the linearity hypothesis even
when considering the upper bound suggested by Davies (1987). Moreover,
the AIC (12.5 vs. 14.1), and the HQ criterion (14.1 vs. 14.6) support the
choice of the non-linear VECM. Table 4 allows us to evaluate the difference
in the regime-dependent speed of adjustment parameters.

In the first regime, a shock to the long-run equilibrium is essentially
closed by GDP differential and interest rate differential. As in the exchange
rate and inflation equations the adjustment coefficient are not significant,
only the GDP and the interest rate participate in the adjustment needed to
restore the long-run equilibrium. More precisely, 50% of a shock to the long-
term equilibrium is corrected by the output differential and by the interest

12We also estimated the model allowing for a shift in the mean of the variables. The
results we obtained from the two specifications are very similar with respect to the regime
classification as well as to the parameter values. As we expected, the differences between
the two models mainly consist of the different pattern of the dynamic propagation of a
permanent shift in regime. More precisely, in the MSIAH model, the expected growth of
the variables responds to a transition from one state to another in a smoother way. See
Krolzig (1997) on the peculiarity of the two models.
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rate differential in almost two years.

Regime 1
Const. Ay,y Aywy Anyy Aryy Aiyy Aiy, Aeyy ey, ECy O'Z(RC)Q.l)
Ay, -031 0.67 010 -0.32 0.05 0.10 -0.37 -0.01 -0.01 -0.08 0.3
[020] [0.16] [0.17] [0.18] [0.19] [0.16] [0.16] [0.02] [0.02] [0.01]
Az, -033 -0.17 0.11 095 -0.25 0.05 -0.14 -0.03 0.02 0.01 0.2
[017] [0.14] [0.14] [0.15] [0.16] [0.13] [0.13] [0.01] [0.01] [0.01]
Ai, -0.69 0.09 0.00 019 0.16 047 022 0.01 -0.04 -0.09 0.1
[0.11] [0.09] [0.09] [0.10] [0.10] [0.08] [0.08] [0.01] [0.01] [0.01]
Ade, -223 -032 0.54 124 -098 185 -0.76 0.60 0.12 0.14 12.9
[049] [1.19] [1.26] [1.28] [1.37] [1.12] [1.12] [0.12] [0.11] [0.19]
Regime 2
Const. Ay,y Ay, Aryy Ay iy iy Aeyy ey EC, o (Re g.2)
Ay, -040 0.77 -0.23 -0.12 -0.37 0.14 -0.23 -0.05 0.01 -0.03 0.52
[0.17] [0.14] [0.14] [0.21] [0.23] [0.12] [0.12] [0.03] [0.02] [0.01]
Az, -023 -037 033 0.61 -0.06 -0.06 0.14 -0.01 0.02 -0.02 0.37
[0.15] [0.12] [0.11] [0.17] [0.19] [0.10] [0.10] [0.02] [0.02] [0.01]
Ai, 011 -005 032 -0.90 0.75 0.88 -0.24 -0.02 0.05 -0.02 0.67
[0.20] [0.16] [0.15] [0.23] [0.26] [0.14] [0.14] [0.03] [0.03] [0.01]
de, -0.09 -237 093 275 -455 -208 082 0.75 -0.20 -0.14 6.08
[1.07] [0.85] [0.82] [1.25] [1.41] [0.75] [0.73] [0.16] [0.14] [0.06]
Regime 3
Const. Ay,y Aypy Arpy Arpy iy Aiy, deyy ey, ECyy O'Z(Re,q.?))
Ay, 213 032 -0.01 -0.08 -0.80 -0.25 -0.38 -0.11 0.06 0.02 0.01
[0.09] [0.05] [0.04] [0.06] [0.08] [0.03] [0.02] [0.01] [0.01] [0.01]
Az, 034 -013 0.09 0.9 -0.15 0.06 024 -0.02 -0.01 -0.12 0.03
[0.18] [0.10] [0.07] [0.13] [0.15] [0.06] [0.04] [0.01] [0.01] [0.01]
Ai, 262 023 038 0.08 0.06 -035 -0.33 0.02 0.08 -0.07 0.13
[0.36] [0.19] [0.14] [0.25] [0.30] [0.13] [0.08] [0.02] [0.02] [0.02]
Ade, 0.65 -057 133 -245 1.09 208 -135 0.75 -0.43 0.41 19.08
[0.15] [1.30] [0.97] [1.72] [2.04] [0.86] [0.57] [0.15] [0.16] [0.24]
log-likelihood -475.9 linear system -661.1
AIC criterion 12,5 linear system 14.1
HQ criterion 14.1 linear system 14.6
SC criterion 16.6 linear system 15.4

LR linearity test:

370.5 Chi(100) =[0.0000] **
Chi(106)=[0.0000] ** DAVIES=[0.0000] **

Table 4:

ML estimates of the MSIAH(3)-VECM(2)

The second regime identifies periods of time where only the exchange
rate significantly drive the long-term equilibrium. In fact, although the error
correction coefficients are significant in all equations, only the exchange rate
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seems to bear the burden of the adjustment, with half-lives of reversion to
equilibrium taking place in almost 1 year.

In the third regime, a deviation from the long-run equilibrium is cor-
rected by changes in inflation rate differential and interest rate differential.
In the second regime only these two variables act as a driving force for the
exchange rate equilibrium. The proportion of the disequilibrium that is cor-
rected by the interest rate and inflation after one year and a half is near
to 40% and 60%, respectively. This means that the estimated speed of ad-
justment for this regime is higher than that estimated by using the linear
model.

Within this framework, the exchange rate is driven by fundamentals also
in the short and medium term. As a consequence, the disconnect puzzle
does not emerge as strongly. The evidence of episodic instability involving
different sets of macroeconomic fundamentals during different time periods
may explain why empirical studies have found so frequently a disconnection
between macroeconomic fundamentals and the exchange rate.

Tables 5 and 6 describe the properties of the estimated regimes and the
matrix of transition probability, respectively.

N. Obs Prob. Duration

Regime 1 35.1 0.40 10.79
Regime 2 51.9 0.48 8.7
Regime 3 14.0 0.12 6.57

Table 5: Regime Properties

Regime 1 Regime 2 Regime 3

Regime 1 0.85 0.00 0.15
Regime 2 0.05 0.90 0.04
Regime 3 0.10 0.11 0.79

Table 6: Matrix of Transition Probabilities

The regimes are estimated to be quite persistent. The expected duration
of regimes 1 and 3 is 6.61 quarters and 4.84 quarters, respectively'®. Regime
2 is expected to last for 10.16 quarters. The main characteristics of the

13The expected duration can be easily calculated from the estimated transition proba-
bilities. The expected duration of an appreciation, for example, can be derived as follows:

[e o)
S api 1l —pi) = (1 —pu)

z=1
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estimated regimes are summarized in Figure 4 and Table 7. In figure 4
the periods where output and interest rate drive the long-term equilibrium
(Regime 3) coincide with the periods where there has been an appreciation
of the exchange rate. On the contrary, when inflation and interest rate
largely influence the long-term equilibrium (Regime 1) the exchange rate
depreciates. Finally, the second half of the 1980s, the early 90s, and the
years 1997-2002 are associated with the increasing importance of exchange
rate in determining the long-run equilibrium.

The evidence suggests that during euro-depreciation episode (e.g. early
1980s and early 1990s), the emphasis is on differences in the rates of infla-
tion between countries and the interest rate differentials that might have
caused them. On the contrary, during euro-appreciation episodes (e.g. 85-
86, 93-95, 02-04), inflation rates came down and converged across countries
but exchange rate movements remained large. This lead to more emphasis
being placed on GDP differential and factors that affect the real economy.
Finally, when exchange rate is close to its fundamental value (e.g. 99-01),
non-monetary factors largely affect exchange rates. During these periods
exchange rate movements do not depend on economic fundamentals but
instead on self-fulfilling beliefs and expectations.

These results can be explained in the context of our theoretical model.
When the exchange rate is close to the fundamental, the fundamentalists
forecast little change in the exchange rate. As a result, the forecasts are
dominated by chartists. Thus, movements of the exchange rate close to the
fundamentals appear to be disconnected from the fundamental. In contrast,
when the exchange rate is far from the fundamental, the attractive forces of
the fundamental increase.

Regime 1 Regime 2 Regime 3
1985:1 - 1988:2 [0.9791]  1979:4 - 1981:3 [0.9980]  1981:4 - 1984:3 [0.9089]
1994:1 - 1996:4 [0.9415]  1984:4 - 1985:3 [0.9043]  1991:1 - 1992:2 [0.9534]
2002:2 - 2004:4 [0.9543]  1988:3 - 1990:4 [0.9630]

1992:3 - 1993:4 [0.92306]

1997:1 - 2002:1 [0.9353]

Table 7: Regime Classification
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Figure 4: Smoothed Regime Probabilities

5 Out-of-sample Forecasting Properties

section, we argued that even if the relationship between
the exchange rate and its fundamentals is found to be time-varying, it is
possible to identify periods of time where the relationship becomes stable.
An interesting question is then whether it is possible to improve the out-of-
sample forecasting performance by using models that incorporate nonlinear
mean reversion. In order to do it, we perform a standard forecast estimation
and evaluation strategy. In particular, we first estimate a set of competing
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models over some periods and construct out-of-sample forecasts. Then we
compare these forecasts with the actual exchange rate outcome.

The aim of this section is to test whether large deviation from funda-
mentals creates a tendency for exchange rate predictability to emerge. To
this end, we examine evidence on how the ability of alternative models to
forecast the exchange rate might change over time.

The empirical analysis is based on three alternative models which we,
now, describe in detail. The first one (RW) consists of a driftless random
walk model. As stressed above, the random walk remains a useful benchmark
against which exchange rate models are judged. The model is as follows:

€ = €4—1 + &¢ (13)

The second one is the four variable vector error correction model (VECM)
described in equation [8]. The last one consists of a markov switching VECM
(MS-VECM).

Once each different type of model has been estimated, the question arises
as to how their performance might best be compared. There are a number
of different ways in which the forecast accuracy of competing models can
be assessed. In this paper we use out-of-sample prediction errors and con-
sider two statistical measures — forecast encompassing tests and directional
accuracy tests.

5.1 Forecasting Procedure

The three models explained above are estimated on a sub-sample of the
historical data. Then the out-of sample forecast of the competing models
for alternative periods are evaluated. The forecast accuracy is measured
by computing rolling forecasts. The estimation period goes from 1978:1 to
1989:4, while the forecast period goes from 1990:1 to 2004:4. This means that
the first sequence of 1 to 4-quarter ahead forecast is generated starting from
1990:1. Then, the starting date of the forecast period is rolled forward one
period, and another sequence of forecasts is generated. This loop is repeated
until we have 60x 1-quarter forecasts, down to 57x4-quarter forecasts.

Figure 5 and 6 characterize four periods of the Euro-dollar history.

The four periods are 1992:1 to 1994:4, 1996:1 to 1998:4, 1998:1 to 2000:4
and 2001:4 to 2004:4. Each period is analysed in terms of the ability of the
linear VECM; the MSVECM and the RW to forecast the actual exchange
rate. For each period the figures show the 1- and 4-quarter ahead forecasts
(the first and second column, respectively).
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Figure 5: Out-of-sample Point Forecasts

: MSVECM vs. linear VECM

Figure 5 and figure 6 provide a graphical summary of the performances of
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the three models described above over particular time periods in forecasting
the Euro-Dollar exchange rate. Visual inspection seems to suggest that MS-
VECM does not consistently outperform,
linear VECM and the RW. In fact, the evidence emerging from figure 5 and
6 does not provided a consistent and unambiguous picture concerning the

in terms of forecast errors, the



forecast ability of the selected models. The forecast ability of alternative
models seems to vary across the sub-sample. The evidence emerging from
these figures corroborates the hypothesis of having more than one states
operating during the sample period.

However, in order to assess the performance of the alternative models we
have to analyse the forecast accuracy through a set of statistical measure.
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Figure 6: Out-of-sample Point Forecasts: MSVECM vs. naive Random
Walk
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5.2 Assessing Forecast Accuracy

We first use standard quantitative procedures involving the forecast errors.
Precisely, the forecast error can be defined as: e;yp = x4 — Trig, Where
k > 1 and Z;yx represents the k-step ahead forecast. Three widely used
measures of forecast accuracy are the Mean Error (ME), the Mean Absolute
Error (MAE) and the Root Mean Square Error (RMSE) of a model. We
can calculate them as follows:

1o 1o 1o o=
2
ME = Z trkvis MAE = Z |etk+il , RMSE = - Z ki
=1 =1 =1
(14)
The comparison of forecasting performance based on these measures is

summarized in Table 8.

1991(1) to 1994(4) ME MAE RMSE Rank

£ 1 4 1 4 1 4 1 4
RW 0,86 1,06 508 10,40 643 14,63 3 3
VECM(2) 085 132 471 7,84 588 11,12 2 2
MS(3)-VECM(2) 0,61 1,69 4,04 7,92 5,33 9,09 1 1
1996(1) to 1998(4) ME MAE RMSE Rank

£ 1 4 1 4 1 4 1 4
RW 0,94 5,18 2,98 6,51 342 7,66 2 3
VECM(2) 059 057 2,56 446 3,18 524 1 1
MS(3)-VECM(2) 334 1,89 5,20 5,84 7,12 7,63 3 2
1998(1) to 2000(4) ME MAE RMSE Rank

£ 1 4 1 4 ] 4 1 4
RW 2,15 6,90 348 8,57 3,93 9,95 1 2
VECM(2) 2,66 5,72 402 8,55 446 1044 2 3
MS(3)-VECM(2) 316 0,12 5,13 277 5,68 3,76 3 1
2001(1) to 2004(4) ME MAE RMSE Rank

£ 7 4 1 4 ] 4 1 4
RW 270 746 479 9,08 509 11,54 2 3
VECM(2) 088 1,86 423 8,72 566 10,17 3 2
MS(3)-VECM(2) 250 396 4,09 6,07 463 8,79 1 1

Table 8: Comparing Forecast Accuracy
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The Table contains the ME, the MAE and the RMSE from five esti-
mated models, covering two forecasting horizons: 1- and 4-step-ahead fore-
cast (where k = 1,4 denotes the forecast step). This table also reports the
relative ranking in terms of forecast error.

The first period, occurring in the early 1990s, embraces the European
monetary system crises. During these years, the actual exchange rate ap-
pears to be better approximated by the nonlinear VECM. The second period
covers the mid-1990s, while the third period, ranging from the late 1990s to
the early 2000s, embraces the launch of the Euro. In these years the RW
forecasts appears to be much closer to the actual exchange rate. Finally, the
fourth period goes from the early 2000s to the end of the sample. Contrary
to the results of previous time periods, the forecast ability of the MSVECM
seems to be higher than the one of the random walk.

Overall, non-linear mean-reversion models outperform random walk mod-
els when the deviation from long-term equilibrium is large.

The above measures provide a quantitative estimate of the forecasting
ability of a specific model, allowing different models to be ranked, but does
not provide a formal statistical indication of whether one model is signifi-
cantly better than another. We also explicitly test the null hypothesis of
no difference in the accuracy of the two competing forecasts by using fore-
cast encompassing tests. In particular, we use the Diebold-Mariano (1995)
forecast comparison tests.

More precisely, the accuracy of the alternative forecasts can be judged
according to some specified loss function, g(.). In analysing formal tests
of the null hypothesis of equal forecast accuracy, we follow Diebold and
Mariano (1995) and define the loss function as a function of the forecast
errors. The loss differential is then denoted as d; = g(e1:) — g(eat), where
e1: and eq; are the forecast errors at time ¢ of the model 1 and 2. The null
hypothesis of unconditional equal forecast accuracy in this context is that
the loss differential has mean 0:

Hy: Eldy] =0

According to the null hypothesis the errors associated with the two fore-
casts are equally costly, on average. If the null is rejected, the forecasting
method that yields the smallest loss is preferred. Given a series, {dt}tT:l, of
loss differentials, the test of forecast accuracy is based on:

26



-1
d:det (15)

The Diebold and Mariano (1995) (DM) parametric test is a well-known
procedure for testing the null hypothesis of no difference in the accuracy of
two competing forecasts. It is given by:

DM =

(16)
5(d)

where 3 is an estimate of the asymptotic variance of d.

Table 9 reports the results of the DM test over different sub-sample for
the 1- and 4-quarter ahead forecasts. The numbers in square brackets are
p-values for MS(3)-VECM(4) equal to competing model versus the MS(3)-
VECM(4) better than the alternative.

k=1 k=4
1991(1) to 1994(4)
RW -2,24 [0,01] -2,48 [0,01]
VECM(2) 2,11 [0,02] 2,47 [0,01]
1996(1) to 1998(4)
RW 2,22 [0,99] -1,84 [0,03]
VECM(2) 2,10 [0,98] -1,87 [0,03]
1998(1) to 2000(4)
RW 0,24 [0,59] -2,10 [0,02]
VECM(2) 0,73 [0,77] -1,49 [0,07]
2001(1) to 2004(4)
RW -2,33 [0,01] -2,48 [0,01]
VECM(2) -1,59 [0,06] -1,92 [0,03]

Table 9: DM Forecast Comparison Tests: MSVECM vs. Competing Models

Over our forecasting sample, we find that nonlinear VECM do not consis-
tently out-performs competing linear models. More precisely, the nonlinear
specification significantly improves forecast accuracy during periods when
the deviation between exchange rate and fundamentals is large (1991:1-
1994:4 and 2001:1-2004:4). On the contrary, when the exchange rate is
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close to its equilibrium value it tends to be better approximated by a naive
random walk.

6 Conclusions

In this paper we investigated whether the dynamic interaction between the
exchange rate and its fundamentals is time-varying. We first developed a
simple theoretical model of the exchange rate in which chartists and fun-
damentalists interact. This model predicts that exchange rate movements
will be characterized by different regimes, which we called fundamental and
non-fundamental regimes. When in a fundamental regime the exchange rate
stays close to the fundamental. There are also non-fundamental regimes in
which the exchange rate is disconnected from the fundamentals. The ex-
istence of different regimes creates a non-linearity in the link between the
exchange rate and its fundamentals.

In the empirical part of the paper we analysed the nature of these non-
linearities by specifying and estimating a Markov switching model. This
model aims at identifying the driving forces that govern the adjustment
of the exchange rate and fundamentals toward their long-term equilibrium.
We found that the relationship between the exchange rate and its funda-
mentals is episodically unstable. This implies that the switching nature of
the exchange rate process is inconsistent with a linear representation of the
relation between the exchange rate and its fundamentals. The evidence of
episodic instability involving different sets of macroeconomic fundamentals
during different time periods may explain why empirical studies have found
so frequently a disconnection between macroeconomic fundamentals and the
exchange rate.

Finally, we examine the predictive power of various models. In out-of-
sample forecasting tests, mean-reversion models (both linear and non-linear)
are compared to random walks. A naive constant change forecast remains a
benchmark against which exchange rate models are judged. A set of forecast
evaluation techniques were employed to judge the relative performance of
three competing models of the exchange rate determination. We find that
the nonlinear specification significantly improves forecast accuracy during
periods when the deviation between exchange rate and fundamentals is large.
Conversely, when the exchange rate is close to its equilibrium value it tends
to be better approximated by a naive random walk.
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APPENDIX: A Synthetic Euro-Dollar Exchange Rate

In the empirical analysis we investigate the relationship between the
euro-dollar exchange rate and its fundamentals for the period 1979:1 - 2004:4.
The length of the sample period raises the question of what variable should
be used to proxy the euro exchange rate during the pre-EMU period. Some
studies, like la Cour and MacDonald (2000), consider the European Currency
Unit (ECU). However, the use of the ECU is not completely appropriate.

In fact, on the one hand the ECU currency basket includes countries,
like Denmark and the United Kingdom, which have not introduced the new
currency in 1999; on the other hand, it does not take into account countries,
like Austria and Finland, which joined the EMU since 1999.

For these reasons we construct a synthetic euro-dollar exchange rate for
the pre-EMU era. The value of the Euro is derived from a weighted average
of the exchange rates of the EMU member countries. As Greece joined the
Eurozone on 01 January 2001, the drachma is not considered in the aggre-
gation. The weights used in the aggregation are the GDP weights (1995)
at PPP exchange rates proposed by Fagan et al. (2001). The exchange
rate series of the individual economies, defined as national currency per US
Dollar, are taken from the International Financial Statistics (IFS) of IMF.

Figure 1A depicts the ECU/Dollar and the synthetic-Euro/Dollar. All
variables are shown in levels as well as in first differences. The figure suggests
that the two measures of the pre-EMU euro exchange rate do not show large
discrepancies. In fact, the external value of the Euro (according to both
definitions) depreciates against the US dollar during the periods 1980:3-
1985:1, 1992:3-1994:1 and 1998:4-2001:3 (the vertical gridlines in the upper
panel of figure 1A highlight these periods). On the contrary, during the
second half of the eighties, the mid-nineties and the period 2001:4-2004:3
the euro appreciates against the dollar.

However, some differences might be noted concerning the time path of
the two series during the ERM crises. During the early-nineties, the level
of the synthetic-aggregate euro was somewhat below that of the ECU. This
evidence mostly reflects the greater stability of the national exchange rates
comprised in the ECU with respect to the currencies of the EMU partici-
pating economies.
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Figure 1A: The Euro/Dollar Exchange Rate
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