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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 naïve random walk. 
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∆y t ∆π t ∆i t ∆e t
Constant -0.091 -0.002 0.153 -0.220

[0.07] [0.09] [0.10] [0.48]
∆y t-1 0.265 -0.216 0.263 -0.576

[0.10] [0.12] [0.13] [0.17]
∆y t-2 0.308 0.130 0.391 -0.454

[0.10] [0.12] [0.13] [0.65]
∆π t-1 -0.098 -0.176 -0.054 0.199

[0.07] [0.09] [0.10] [0.09]
∆π t-2 0.030 -0.380 0.108 1.105

[0.07] [0.09] [0.10] [0.49]
∆i t-1 0.084 0.101 0.007 -0.431

[0.08] [0.10] [0.10] [0.15]
∆i t-2 -0.394 0.067 -0.451 -0.035

[0.08] [0.10] [0.11] [0.52]
∆e t-1 0.000 0.017 0.038 0.322

[0.02] [0.02] [0.02] [0.10]
∆e t-2 0.005 0.039 -0.006 0.081

[0.02] [0.02] [0.02] [0.11]
EC t-1 -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 rate11.

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.
11 In order to obtain the number of quarters (τ) required to dissipate x% of a shock

we use the following formula: (1 − α)τ = (1 − x%), where α 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
Asymptotic Bootstrap Asymptotic Bootstrap Asymptotic Bootstrap 

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

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 2.4E-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

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

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

Interest rate Differential

Exchange Rate

Inflation Differential

GDP Differential

ε = 0.5σ ε = 1.0σ ε = 1.5σ

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
3.0E-02 7.0E-02
5.9E-03 6.9E-03
4.9E-02 4.6E-02
1.9E-02 9.0E-03

F( 4 , 88 ) F(2,92)Distribution

GDP Differential
Inflation Differential
Interest rate Differential
Exchange Rate

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 xt depend upon
the unobservable regime variable st, which represents the probability of be-
ing in a different state of the world.

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

pij = Pr(st+1 = j p st = i) P̂ =

⎡⎢⎢⎢⎣
p11 p12 · · · p1m
p21 p22 · · · p2m
...

...
. . .

...
pm1 pm2 · · · pmm

⎤⎥⎥⎥⎦
where pij is the probability that state i is followed by state j and P̂ is the

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:

∆xt = c(st) +
k−1X
i=1

Γi(st)∆xt−i + α(st)β
0
xt−1 + εt (12)

where the residuals are conditionally Gaussian, εt |st ∼ NID (0,Σ(st)) .
This specification allows for regime shifts in the intercept12, 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.

Const. ∆y t-1 ∆y t-2 ∆π t-1 ∆π t-2 ∆i t-1 ∆i t-2 ∆e t-1 ∆e t-2 EC t-1

∆y t -0.31 0.67 0.10 -0.32 0.05 0.10 -0.37 -0.01 -0.01 -0.08 0.3
[0.20] [0.16] [0.17] [0.18] [0.19] [0.16] [0.16] [0.02] [0.02] [0.01]

∆π t -0.33 -0.17 0.11 0.95 -0.25 0.05 -0.14 -0.03 0.02 0.01 0.2
[0.17] [0.14] [0.14] [0.15] [0.16] [0.13] [0.13] [0.01] [0.01] [0.01]

∆i t -0.69 0.09 0.00 0.19 0.16 0.47 0.22 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]

∆e t -2.23 -0.32 0.54 1.24 -0.98 1.85 -0.76 0.60 0.12 0.14 12.9
[0.49] [1.19] [1.26] [1.28] [1.37] [1.12] [1.12] [0.12] [0.11] [0.19]

Const. ∆y t-1 ∆y t-2 ∆π t-1 ∆π t-2 ∆i t-1 ∆i t-2 ∆e t-1 ∆e t-2 EC t-1

∆y t -0.40 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]

∆π t -0.23 -0.37 0.33 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]

∆i t 0.11 -0.05 0.32 -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]

∆e t -0.09 -2.37 0.93 2.75 -4.55 -2.08 0.82 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]

Const. ∆y t-1 ∆y t-2 ∆π t-1 ∆π t-2 ∆i t-1 ∆i t-2 ∆e t-1 ∆e t-2 EC t-1

∆y t 2.13 0.32 -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]

∆π t 0.34 -0.13 0.09 0.69 -0.15 0.06 0.24 -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]

∆i t 2.62 0.23 0.38 0.08 0.06 -0.35 -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]

∆e t 0.65 -0.57 1.33 -2.45 1.09 2.08 -1.35 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 linear system
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] **  

Regime 1

Regime 2

Regime 3

-475.9 -661.1

σ 2(Re .1)g

σ 2(Re .2)g

σ 2(Re .3)g

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, respectively13. 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:

.
∞

z=1

zpz−111 (1− p11) = (1− p11)
−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 [0.9636]

1992:3 - 1993:4 [0.9236]
1997:1 - 2002:1 [0.9353]

Table 7: Regime Classification
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Regime 1

1980 1983 1986 1989 1992 1995 1998 2001 2004
0.00

0.25

0.50

0.75

1.00

Regime 2

1980 1983 1986 1989 1992 1995 1998 2001 2004
0.00

0.25

0.50

0.75

1.00

Regime 3

1980 1983 1986 1989 1992 1995 1998 2001 2004
0.00

0.25

0.50

0.75

1.00

Figure 4: Smoothed Regime Probabilities

5 Out-of-sample Forecasting Properties

In the previous 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:

et = et−1 + εt (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 60×1-quarter forecasts, down to 57×4-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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1-Quarter ahead 4-Quarter ahead
1991-1 to 1994-4

1992 1993 1994
-40

-30

-20

-10

0

VECM

MSVECM

1996-1 to 1998-4

1996 1997 1998
-32

-16

0

16

VECM

MSVECM

1998-1 to 2000-4

1998 1999 2000
-18

0

18

36

VECMMSVECM

2001-1 to 2004-4

2002 2003 2004
-32

-16

0

16
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VECM

MSVECM
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1992 1993 1994
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-28
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14
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1996 1997 1998
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-36

-18

0

18

VECM

MSVECM

Figure 5: Out-of-sample Point Forecasts: MSVECM vs. linear VECM

Figure 5 and figure 6 provide a graphical summary of the performances of
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, in terms of forecast errors, the
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
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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.

1-Quarter ahead 4-Quarter ahead
1991-1 to 1994-4

1992 1993 1994
-40

-30

-20

-10

0

RW

MSVECM

1996-1 to 1998-4

1996 1997 1998
-32

-16

0

16

RW

MSVECM

1998-1 to 2000-4

1998 1999 2000
-18

0

18

36

RW
MSVECM

2001-1 to 2004-4

2002 2003 2004
-32

-16

0

16

32

RW

MSVECM

1991-1 to 1994-4

1992 1993 1994
-42

-28

-14

0

14

RW

MSVECM

1996-1 to 1998-4

1996 1997 1998
-42

-28

-14

0
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MSVECM

1998-1 to 2000-4

1998 1999 2000
-18

-9

0

9

18
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MSVECM

2001-1 to 2004-4

2002 2003 2004
-36

-18

0

18

RW

MSVECM

Figure 6: Out-of-sample Point Forecasts: MSVECM vs. naïve 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: et+k = xt+k − bxt+k, where
k > 1 and bxt+k 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:

ME =
1

n

nX
i=1

et+k+i, MAE =
1

n

nX
i=1

|et+k+i| , RMSE =

Ã
1

n

nX
i=1

e2t+k+i

!1/2
(14)

The comparison of forecasting performance based on these measures is
summarized in Table 8.

1991(1) to 1994(4)
k 1 4 1 4 1 4 1 4
RW 0,86 1,06 5,08 10,40 6,43 14,63 3 3
VECM(2) -0,85 -1,32 4,71 7,84 5,88 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)
k 1 4 1 4 1 4 1 4
RW 0,94 5,18 2,98 6,51 3,42 7,66 2 3
VECM(2) -0,59 -0,57 2,56 4,46 3,18 5,24 1 1
MS(3)-VECM(2) -3,34 1,89 5,20 5,84 7,12 7,63 3 2

1998(1) to 2000(4)
k 1 4 1 4 1 4 1 4
RW 2,15 6,90 3,48 8,57 3,93 9,95 1 2
VECM(2) 2,66 5,72 4,02 8,55 4,46 10,44 2 3
MS(3)-VECM(2) -3,16 0,12 5,13 2,77 5,68 3,76 3 1

2001(1) to 2004(4)
k 1 4 1 4 1 4 1 4
RW -2,70 -7,46 4,79 9,98 5,09 11,54 2 3
VECM(2) -0,88 -1,86 4,23 8,72 5,66 10,17 3 2
MS(3)-VECM(2) -2,50 -3,96 4,09 6,07 4,63 8,79 1 1

ME MAE RMSE Rank

ME MAE RMSE Rank

ME MAE RMSE Rank

ME MAE RMSE Rank

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 dt = g(e1t) − g(e2t), where
e1t and e2t are the forecast errors at time t 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:

H0 : E [dt] = 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=1, of
loss differentials, the test of forecast accuracy is based on:
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d =
1

T

TX
t=1

dt (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 =
dtqes(d) (16)

where es 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 naïve
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 naïve 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 naïve 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 andMacDonald (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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ECU/Dollar (solid) vs. Synthetic-Euro/Dollar (dashed)
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Figure 1A: The Euro/Dollar Exchange Rate
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