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ABSTRACT

In this paper we provide new evidence on the hypothesis of German leadership and
asymmetric performance in the EMS, in the framework of causality tests, using daily data.
Given the evidence about non-linearity in financial series, we propose applying non-linear
forecasting methods based on the literature on complex dynamic systems. Our analysis covers
nine countries, and the sample period runs until 30 April 1998, so including the more recent
events in the EMS history. A comparison of our results with those obtained from standard linear
econometric techniques leads us to conclude that inference on causality based on our non-linear
predictors would be preferable to that based on the standard linear approach.
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1. Introduction

As it is well known, fixed exchange rate systems face the so-celgatoblem: there are

n countries pegging their exchange rates but ofllyexchange rates among them, which
gives the system one degree of freedom when setting money supply and the interest rate.
This degree of freedom can be used either in an asymmetric (i. e., hegemonic) way, by
enabling one country to become the leader and settle monetary policy independently, with
the other countries following its stance; or, alternatively, in a symmetric (i. e., cooperative)
way, so that all countries are allowed to decide jointly over the implementation of monetary

policy (see De Grauwe, 1997).

The European Monetary System (EMS) means no exception to this problem.
However, and despite the initial objectives of the founders of the EMS, a general consensus
has emerged that the system works in an asymmetric way, with Germany assuming the
leading role and the remaining countries passively adjusting to German monetary policy
actions. In its turn, the follower countries may find beneficial to behave in such a way, since
they can take advantage of the firmly established anti-inflation credibility of the German
Bundesbank (see, e. g., Giavazzi and Pagano, 1988, or Mélitz, 1988). On the other hand,
these countries would have retained some degree of monetary autonomy by resorting to
capital controls, which would have allowed them to dissociate the evolution of domestic
(i. e., onshore) interest rates from those prevailing in the Euromarket (i. e., offshore) (see

Rogoff, 1985, or Giavazzi and Giovannini, 1989).

Some evidence along these lines was provided by Giavazzi and Giovannini
(1987,1989), who found a higher volatility for French and Italian offshore interest rates as

compared to the German ones during the EMS period, reflecting the higher autonomy of



German monetary policy. Similarly, Mastropasqua, Micossi and Rinaldi (1988) analysed

foreign exchange intervention and sterilization for four EMS countries (Germany, Belgium,

France and ltaly) along the period 1979-1987, and obtained that interventions were fully
sterilized only in Germany, which was again interpreted in terms on Germany'’s leadership
in the system. Also, by means of Granger-causality tests, Karfakis and Moschos (1990)
concluded that interest rate changes for Belgium, France, Italy, and the Netherlands could
be predicted using information on the past evolution of German interest rates, but not

conversely.

Other authors, however, have challenged these conclusions; see, for instance, Cohen
and Wyplosz (1989), Fratianni and von Hagen (1990), von Hagen and Fratianni (1990),
Cherubini, Ciampolini, Hamaui and Sironi (1992), Kutan (1992), Hassapis, Pittis and
Prodromidis (1999), or Bajo and Montavez (1999). In these papers, equations for monetary
aggregates or interest rates in several EMS countries are estimated, finding that monetary
variables in every country depend on German variables, but also on those concerning the
other countries. Using different methods, comparable results have been also obtained by

De Grauwe (1989) and Koedijk and Kool (1992).

A common result to most of the above quoted studies is the finding that, both in
terms of size and persistence, the effect is stronger from German variables to the other EMS
countries’ variables, rather than the other way round. In other words, whereas monetary
policy in the other EMS countries would be affected not only by German actions but also
by the other EMS partners also, German monetary policy would operate rather
independently. This would point to a special role of Germany within the EMS, even though

the hypothesis of German leadership or dominance might appear too strong. In von Hagen



and Fratianni’s words: “(I)n the short run, the EMS is best portrayed as an interactive web
of monetary policies, where Germany is an important player, but not the dominant one (...)
(Dt is tempting to conclude that many observers have mistaken German dominance with
the relative strength of Germany and the relative weakness of France in the EMS” (von

Hagen and Fratianni, 1990, p. 373).

Unlike the previous papers, which make use either of quarterly or monthly data, we
can quote two more recent studies which use instead high-frequency (i. e., daily) data on
interest rates, and also address the issue of the influence of the German reunification on the
hypothesis of the asymmetric behaviour of the EMS. However, a common feature to both

papers is that they only deal with the cases of France and Germany.

So, by computing the impulse effects of unit shocks to interest rates from VAR
estimates, Gardner and Perraudin (1993) find the effect of French innovations on Germany
to be significant, although smaller than the German effect on France. They also detect the
presence of a structural break coinciding with German reunification, with Germany losing

its leadership role after then but recovering it thereafter.

Finally, by using several concepts of causality, Henry and Weidmann (1995)
confirm the hypothesis of German dominawmisea-visFrance in the short-run dynamics,
unlike the long run where some evidence of interdependence is found for the period before
the German reunification. Again, according to their results, after that date German

dominance would have become even stronger.

In this paper we will try to provide some additional evidence on the hypothesis of



German leadership and asymmetric performance in the EMS, by using high frequency (i.
e., daily) data. Unlike the above mentioned papers, we will propose using non-linear
forecasting methods based on the literature on complex dynamic systems, which can be
justified given the evidence about non-linearity present in financial series (see, e. g., Mills,
1996). At the same time, we extend the analysis to nine countries, and include in our
sample the more recent events in the EMS history, such as the German reunification, the
monetary turmoil at the end of 1992, and the broadening of fluctuation bands in 1993. We
also perform a comparison of our results with those obtained from standard linear
econometric techniques, which leads us to suggest that inference on causality based on our
non-linear predictors would be more appropriate than that based on the standard linear

approach.

The rest of the paper is organised as follows. Our testing strategy is discussed in
section 2, whereas the main empirical results are presented in section 3. Next, the
comparison of our results using the non-linear approach with those obtained from standard
linear econometric techniques is reported in section 4. The main conclusions are

summarised in section 5.



2. A procedure for testing causality using non-linear forecasting methods

The traditional method for testing causality in economic time series makes use of the well-
known Granger’s definition of causality (Granger, 1969). Given two variablegly, x

is said to Granger-cauyef the latter can be predicted better by past valuesaofdy,

rather than by past valuesyoélone. From this definition, the test proceeds by using both

x andy as dependent variables, so that four results are possi@eanger-causeg y

Granger-causes, two-way Granger-causality, and no Granger-causality.

In practice, the criterion for assessing Granger-causality consists of comparing the
prediction errors (PE) from both information sets. Formally, denoting'bthe prediction
of y,, if
PE(Y, OV O Xe) < PE(Y, Vi)

then x, Granger-causeg, whereX;; andY;; are, respectively, the sets of all past

information on variables andy available at time.

Starting from this approach, we will make predictions for the varialbg means
of the nearest neighbour forecasting technigue proposed by Farmer and Sidorowich (1987),

together with the bivariate case presented in Fernandez, Sosvilla and Andrada (1999).

The basic idea behind these predictors, inspired in the literature on forecasting in
non-linear dynamic systems, is that pieces of time series sometime in the past might have
a resemblance to pieces in the future. In order to generate predictions, similar patterns of
behaviour are located in terms of nearest neighbours, and the time evolution of these nearest

neighbours is exploited to yield the desired prediction. Therefore, the procedure only uses



information local to the points to be predicted and makes no attempt to fit a function to the
whole time series; the general ideas behind this procedure can be found in Bajo, Fernandez
and Sosvilla (1992), and Fernandez, Sosvilla and Andrada (1999). Notice that these
predictors have shown, for financial time series, a higher efficiency than a random walk in
several studies, where, in many cases, evidence on some kind of deterministic behaviour
has been found; see, among others, Diebold and Nason (1990), Bajo, Fernandez and
Sosvilla (1992), Mizrach (1992), Fernandez, Sosvilla and Andrada (1999), or Soofi and

Cao (1999).

More specifically, the procedure runs as follows. Beginning with the univariate

case, lez (t=1,...n) be a finite time series. To detect behavioural patterns in this series,
segments of equal length are considered as ve£forsf m observations sampled from the
original time series:

Z" =(2,,24,Z () t=mm+1...,n (1)
with m referred to as the embedding dimension. Thmeskmensional vectors are often

calledm-histories, while then-dimensional spacé™ is referred to as the phase space of

time series.

The sequence oft-histories makes up m-dimensional object that can, for a big
enoughm, mimic the data generation process (Takens, 1981). The proximity afHwo
histories in the phase spadé allows us to talk of “nearest neighbours” in the dynamic

behaviour of two segments in the time serds=1,...n).

This approach does not require stationarity in the time sgfted,...n), the local



predictions being generated by analysing the historical paths of the vectors around the last

available vector

Zy =(2,,2,4: 20 501 2y (o)) 2
Segments with similar dynamic behaviour are detected and used to produce the forecast,
which is computed as some average of the actually observed terms next to the segments

involved. Therefore, in order to construct a local predictor we have consider&d the

m-histories
Zi;“ , Z{Z“ , ZiT,...,Z{k“ (3)

most similar t@zy'. The future short-term evolution of the time series will then be obtained

using the information contained in the nearest neighbours found in the past.

In order to establish nearest neighbourgitowe look for the closegtvectors (3)
in the phase spacé™, which maximise the function:
p(Z", Zy)
so that the chosem-historiesz{™ present the highest serial correlation with respect to the

last onez;.

Once the nearest neighbourgfb have been established, we consider predictors
of the future evolution of . A predictor is simply a rule for obtaining an estimate,f,
i. e., a prediction of the next observat@mm. This is made by using some extrapolation of
the observations
Z..,2Z z (4)

(P P o it Ry S 1

subsequent to tHenearest neighbours-histories chosen, that is to say:



Zya =F (20,2 002, ) (5)

When generating nearest neighbours predictions, locally adjusted linear
autoregressive predictions are usually employed. The procedure involves the regression by

ordinary least squares of the future evolution ofkiinearest neighbours chosen on their
precedingm-histories, that is, regressimg,, from (4) onZ" =(z ,2 4,2 5,2 ~(m) )

from (3), forr=1,...k. Then, the fitted coefficients are used to generate predictions for any
Z,+1 as follows:

f oA ~ A A
Zn+1 - aOzn + a1Zn—1 Tt am—lZn—(m—l) + a'm (6)

The above approach has been extended to the bivariate case by Fernandez, Sosvilla

and Andrada (1999). Let us consider a set of two time sai(esl,...n) andw; (t=1,...n).

We are interested in making predictions for an observation of one of these series (e.
0., Z+1), by simultaneously considering nearest neighbours in both series. To that end, we
embed each of these series in the vectorial spdBepaying attention to the following
vector:
(zrwmogmxg"

which gives us the last availabiehistory for each time series.

To establish nearest neighbours to thertabistories ¢,',W,"), we can look for
the closesk points that maximise:
p(Zz™,Zz7) +p(W"™ W) i=mm+1,..n

In this way, we obtain a set bisimultaneousn-histories in both series:



......... )

The predictions foz,.; andw,.1 can be obtained by ordinary least squares as in (6):

fo_ A ~ ~ ~
Zn+1 - aOZn + a1Zn—1 Tt am—1zn—(m—1) + am (83)

A~

.- - -
W, =bw, +bw,, +..+b w,_ o +Db, (8b)
from alinear regression & ,, onZ™ = (2,2 1,2 5,--1Z, _(my ), @nd @ linear regression
of w , onW™ = (W, ,W, 1, W, ,,....;.W, 1y ), fOrr=1,...k. The difference between this

predictor and that presented in (6) is that now the nearest neighbours are established using

information from both series.



3. Empirical results

The above local predictors have been applied to daily three-month interbank interest rates
of the seven countries participating at the exchange rate mechanism (ERM) of the EMS
from its start: Belgium, Denmark, France, Germany, Ireland, Italy, and the Netherlands.
Notice that the correct application of the methodology based on non-linear dynamic systems
requires using very long time series (see, e. g., Abarbanel, 1996), so that daily data are the
natural choick The sample period for this group of countries runs from 13 March 1979
(the date the ERM started to operate) to 30 April 1998 (just before the announcement of the
countries participating in the European monetary union); therefore, we have more than 7000
observations in the sample. In its turn, the forecasting period starts from the last
realignment in the EMS before the monetary turmoil at the end of 1992, i. e., 13 January
1987, to the end of the sample. In addition, we have also made the exercise for the three
newcomers to the ERM of the EMS: Spain, the United Kingdom (UK) and Portugal, with
the forecasting period in these cases running from the date of their accession: 19 June 1989
for Spain, 8 October 1990 for the UK, and 9 April 1992 for Portugal. Finally, we have

computed our test for the whole sample, and also before and after the German reunification.

It should be noticed that multi-country analysis of financial series requires a special
treatment for high-frequency (daily) data. Despite the relatively large number of
observations, holiday effects, which differ across countries, may distort the outcomes. To
avoid such a possibility, the data have been purged of this holiday effect, matching day by

day the interest rate series and eliminating observations when there is no trading in any of

1 Following the referee’s suggestion, the computations performed in this section have been still replied
using weekly data for the twapriori more interesting cases, i. e., France and Italy. However, the
results (not shown here, but available from the authors upon request) did not change with respect to
those for our sample of daily data.



the countries under study. Therefore, the univariate prediction results for Germany change

according to the sample size used for the reference country.

We begin by testing for unit roots, by means of the non-parametric tests proposed
by Phillips and Perron (1988). These test statistics are particularly appropriate for testing
for unit roots if a non-linear data generating mechanism is feasjieri, since they are
robust in the presence of a heterogeneous non-independent error process. The results are
reported in Table 1 for both the levels and first differences of the series, with a truncation
lag equal to 4 according to the Newey and West (1994) procedure. The test statistics are

highly supportive of a single unit root in each of the series under study.

[Table 1 here]

Before computing our local predictors, we have tested for the presence of non-linear
dependence in the series, since evidence of non-linearity would support our approach to
forecasting. To that end, we have made use of the well-known BDS test statistic (see Brock,

Dechert, Scheinkman and LeBaron, 1996):

sosme) = YW Cn(®) = (C(O)"]

G (€)
whereTy=n—mt1 is the number afthistories that can be made from a samplersi@g(€)
is the fraction of alin-histories in the series that are “close” to (withiof) each other, and
0, (€) is an estimate of the standard deviation ©f (€) — (C,(€))™]. Brock, Dechert,

Scheinkman and LeBaron (1996) show that, under the null hypothesis of an independent

and identical distributiorii¢l), the BDS statistic is asymptotically N(0,1).



As for the practical implementation of the BDS test, the series were
first-differenced given the presence of a unit root. After that, we used the residual of an
AR(p) model as inputs in order to remove any linear dependence in the time series. Using
the Schwarz information criterion, the appropriate lag lepgéias set equal to 4 for
Denmark, France, the Netherlands, Ireland and Spain; 3 for Belgium, Germany, Italy and
Portugal; and 1 for the UK. On the other hand, since the BDS test statistic depends on the
values of the embedding dimension and the chosen distance related to the standard
deviation of the datar{ande, respectively), we followed Hsieh (1989) and Brock, Hsieh
and LeBaron (1991) in Table 2 to show the results for valuesfadm 2 and 7, and for
values ofe ranging from 0.6 to 20, whereo denotes the standard deviation of the series.
With over 5000 observations, we can use the normal standard tables to assess significance,
since the small sample properties only become important for sizes lower than 500 (see
Brock, Hsieh and LeBaron, 1991). As can be seen, the null hypothédissafejected at

the 1% marginal significance level for all the series under study.

[Table 2 here]

In order to reinforce our previous results, we followed Scheinkman and LeBaron’s
(1989) suggestion, and recreated the data series by sampling them randomly, with
replacement from the data until one has a “shuffled” series of the same length as the
original. The shuffled series should be completely random (though preserving the original
distribution). Applying the BDS test to the shuffled residuals series, the null hypothesis of
iid is retained, because all the BDS test values are less than the critical values (see Table
3). Therefore, there is evidence that some non-linear structure present in the original series

has been removed by shuffling.



[Table 3 here]

Based on this preliminary evidence of non-linearities previously reported, we
proceeded to compute our local non-linear predictors. Since they depend on the values of
the embedding dimensionand the number d&fclosest points in the phase spacg the
latter were chosen according to Casdagli's (1991) algorithm, obtaining in our case an
embedding dimensiom=6 and a number of nearest neighbourhood points equal to 2% of
the sample. Notice that the results are robust to the chacamdk, since other values for

these parameters gave similar qualitative results.

As we said before, in the case of the seven founding members the forecasting period
runs from 13 January 1987 to the end of the sample. Our local predictors are then used to
produce forecasts for every change in interest rates since 14 January 1987. Every time a
forecast is produced after a change in interest rates, the observation for this date is added
to the sample, the models are re-estimated, and new forecasts are recursively generated for
the next change in all the series until the end of the sample. In the case of Spain, the United
Kingdom and Portugal, the same recursive process is performed from their respective

joining dates.

The forecasting performance is measured by the root mean square error (RMSE),

which is defined as follows:

RMSE =




wherez is the current value of the variable to be predicted (in our case the interest'rate),

is the predicted value, afdis the number of forecasts in the prediction period.

Table 4 shows the forecasting performance, measured by the RMSE, of our
predictors in both versions (univariate and bivariate), for the whole period. In the bivariate
case, the interest rate of Germany is used for establishing occurring analogues for each of
the remaining countries, amite versaThen, by comparing the RMSEs, the last column
reports the result of the causality test, so that if the RMSE in the bivariate case is lower
(higher) than the RMSE in the univariate case, there is (there is not) causality from the first

country to the second.

[Table 4 here]

As can be seen in that table, the interest rates in all the countries considered can be
predicted better by adding German interest rates to the past values of the interest rates in
every country, rather than by past values of national interest rates alone. On the other hand,
causality is also found running from interest rates in Belgium, Denmark and the

Netherlands to those in Germany.

Note also that, when two-way causality is found, the reduction in RMSEs is greater
for forecasts of national interest rates using information about German interest rates than
in the cases of German interest rates using information about other national rates. This
could be taken as a first indication that, in these cases, the German influence on the other

country is stronger than the other way round.



In order to further evaluate forecasting accuracy, in the sense of testing whether the

differences between RMSEs obtained in Table 4 are statistically significant or not, we have
used a test recently proposed by Diebold and Mariano (1995)z/Leind z! denote
forecasts of the variable based on the univariate and bivariate local predictors,
respectively, and let=[( z| —z)?-( z! —z)?] denote the loss differential between the two
forecasting errors. In this way, Diebold and Mariano suggest a test of the null hypothesis

that the mean loss differentidl is zero with an appropriate correction for serial correlation

in thed; series:

N
— Q_a") Q|
S

where fd (0) is a consistent estimate of the spectral density of the loss differential at

frequency OFT is the number of forecasts and S is asymptotically distributed as a N(0,1).
Therefore, a significant and positive (negative) value for S would indicate a significant
difference between the two forecasting errors, which would mean a better accuracy of the

bivariate (univariate) predictor.

The results are shown in Table 5. As can be seen, we reject the hypothesis of equal
expected squared error (i. e., bivariate local predictors would be statistically significant
better predictors than univariate local predictors) when predicting interest rates in all the
countries considered by adding the information content of the German interest rates. On the
other hand, except for Belgium, Denmark and the Netherlands, we do not reject the
hypothesis of equal expected squared error when predicting German interest rates based on
national interest rates (i. e., bivariate local predictors would not be statistically significant

better predictors than univariate local predictors), which would suggest that forecasting



accuracy for German interest rates cannot be gained by considering also the information
content of national interest rates. Therefore, these results reinforce our earlier conclusions

from Table 4.

[Table 5 here]

As in Gardner and Perraudin (1993) and Henry and Weidmann (1995), we have
checked the possible effects on the previous results following the German reunification. To
this end, we have divided the sample in two parts, the breaking point being 29 November
1990 (as in Henry and Weidmann, 1995). The reason for taking this particular point is that,
although the German reunification process actually started in the end of 1989, it was only

in late November 1990 when German interest rate series registered a jump.

Tables 6 and 7 offer the results for the RMSEs and the Diebold-Mariano test,
respectively. Notice that Portugal is not included, since she entered into the ERM of the
EMS after the breaking point. As can be seen in Table 6, for the first subperiod we obtain
similar results than those for the whole period. A different picture emerges, however, after
the German reunification. Now, causality is only found running from Germany to all other
countries, except for the Netherlands, where two-way causality is still detected. Again,
these results are supported when performing the Diebold-Mariano test, as shown in Table

7.

[Tables 6 and 7 here]

According to these results, it would seem that German leadership in the EMS would



have increased after reunification. In this way, we confirm, using different methods, earlier
findings using French data by Gardner and Perraudin (1993) and Henry and Weidmann
(1995), at the same time that we extend the analysis to the rest of the EMS member

countries.



4. A comparison with the linear approach

The purpose of this section is to check the appropriateness of our approach to testing for
asymmetry in the EMS, based on non-linear forecasting methods, by performing a
comparison of our results with those obtained from standard linear econometric techniques,

again in the context of Granger-causality tests.

As it is well known, the results from causality tests are highly sensitive to the order
of lags, so that selecting the appropriate lag lengths becomes crucial. Otherwise, the model
estimates will be inconsistent and, therefore, likely to draw misleading inferences. In this
paper, we will make use of Hsiao’s (1981) sequential method, which combines Akaike’s

final predictive error (FPE) and the definition of Granger’s causality.

Briefly, Hsiao’s method proceeds as follows. Consider the models

Xt=a0+26jxt—j+£t (9)
B

Xt:ao-l-zéjxt—j +Zyiyt—i+r]t (10)
IE =

wherex; andy; are stationary variables [i. e., they are 1(0) variables]. The following steps
are used to apply Hsiao’s procedure for testing causality:

(1) Treatx as a one-dimensional autoregressive process as in (9), and compute
its FPE with the order of lags varying from 1 toM. Choose the order
which yields the smallest FPE, sayand denote the corresponding FPE as
FPE(m,0).

(i)  Treatx as a controlled variable withlags, and; as a manipulated variable

as in (10). Compute again the FPEs of (10) by varying the order of lags of



y; from 1 toN, and determine the order that gives the smallest FPH, say
and denote the corresponding FPE asiRg).

(i)  Compare FPK(mM,0) with FPE(m,n) [i. e., compare the smallest FPE in step
() with the smallest FPE in step (ii)]. If FR@E,0) > FPEK(m,n), theny; is
said to Granger-cause whereas, if FPEm,0) < FPEK(m,n), thenx; is an
independent process.

(iv)  Repeat steps (i) to (iii) for the variable, treating; as the manipulated

variable.

Whenx; andy; are not stationary variables, but they are first-difference stationary
[i. e., they are I(1) variables] and they are cointegrated, it is possible to investigate the

causal relationships betwear, andAy; using the following error correction models:

AX, =0 +Bu; + Zé,ﬂxt_j +, (11)
J:

Ax, :aO+But—l+Zéijt—j +ZYiAyt—i 1, (12)
IE =

wherey, is the OLS residual of the cointegrating regresgienu + Ay;. Note that, ifx and
y; are I(1) variables, but they are not cointegrated, fhien(11) and (12) is assumed to be

equal to zero.

In both cases [i. e., whex andy; are I(1) variables, and whether they are
cointegrated or not], we can use Hsiao’s sequential procedure by replacing expressions (9)
and (10) with equations (11) and (12), as web.agith Ax, andy; with Ay; in steps (i) to

(iv).



As we saw in the previous section, Table 1's results suggest that all the variables
could be treated as first-difference stationary. Hence, the next step is to test for
cointegration between each national interest rate and that of Germany. As can be seen in
Table 8, both the Phillips-Perron test applied to the cointegrating residuals and Johansen’s
(1991,1995) likelihood test indicate that the null hypothesis of no cointegration can be

rejected in all cases at the 1% significance level, except for Portugal and the UK.

[Table 8 here]

Therefore, for Belgium, Denmark, France, Ireland, Italy, the Netherlands and Spain,
we tested for Granger-causality in first differences of the variables, with an error-correction
term added [i. e., equations (11) and (12)]; whereas, for the cases of Portugal and the UK,
we tested for Granger-causality in first differences of the variables, with no error-correction
term added [i. e., equations (11) and (12), \@i#0]. The resulting FPE statistics for the

whole sample are reported in Table 9.

[Table 9 here]

As can be seen, for Belgium, Denmark, France, Ireland, Spain and the UK, FPEs
decrease when German interest rates are added in the explanation of national interest rates,
but not the other way round, suggesting Granger-causality running from German interest
rates to national interest rates. Only for the Netherlands we find that FPEs decrease when
either German or Dutch interest rates are added to an autoregressive process for their
respective interest rates, so that two-way Granger-causality would appear between them.

Finally, the opposed result is found for Italy and Portugal, so that no Granger-causality



would be present between German and both Italian and Portuguese interest rates. When
comparing these results with those from our non-linear predictors in Table 4, we can see
that now causality from Belgian and Danish interest rates to those of Germany vanishes,
as well as causality from German interest rates to those of both Italy and Portugal. These

results are again supported when performing the Diebold-Mariano test, as shown in Table

10.

[Table 10 here]

As in the previous section, we have also computed causality tests before and after
the German reunification. Tables 11 and 12 offer the results for the FPE and the Diebold-
Mariano test, respectively. As can be seen in the tables, the results for the first subperiod
are again the same than for the whole period (see Tables 9 and 10); whereas for the second
subperiod causality from German to Italian interest rates disappears as compared with the

results using our non-linear predictors (see Tables 6 and 7).

[Tables 11 and 12 here]

Summarizing, the results from the standard linear approach look somewhat different
than those obtained from the non-linear predictors proposed in this paper. In order to
discriminate between them, we have computed Diebold-Mariano tests to assess the
forecasting accuracy of these two predictors, in both the univariate and bivariate cases. The
test results, shown in Table 13, suggest that our non-linear predictors outperform in all
cases the standard linear predictors at the 1% significance level. In this way, the evidence

of non-linearity found in Tables 2 and 3, taken together with the results in Table 13, would



indicate that the inference about causality obtained using the non-linear predictors proposed

in this paper would be preferable to that obtained using the standard linear predictors.
[Table 13 here]

To conclude, and from the methodological point of view, this paper tries to make
a contribution, particularly relevant once economists are becoming more aware of the
importance that non-linearities could have on their analysis. In this sense, this paper
illustrates how the formal consideration (through adequate statistical procedures) of the

presence of non-linearities in the data may be a useful tool for a more correct detection of

causality relationships.



5. Conclusions

In this paper we have provided some new evidence on the hypothesis of German leadership
and asymmetric performance in the EMS, by applying Granger-causality tests to interest
rates data. To that end, we have used comparisons of out-of-sample forecasts to determine
whether the German interest rate has some predictive power in the explanation of national
interest rates. So, in a first stage, forecasts of the national interest rates have been
constructed, firstly using a model that excludes the German interest rate (a variable with
presumed predictive content), and secondly including it. Then, in a second stage, given the
two sequences of forecast errors, we conducted tests of equal forecast. The out-of-sample
approach adopted in this paper is explicitly advocated, e. g., by Ashley, Granger and
Schmalensee (1980), who argue that using post-sample forecast tests is more in the spirit

of the definition of Granger-causality than using the standard full-sample causality test.

The main contribution of this paper has been the use of non-linear forecasting
methods when performing causality tests, which is justified given the non-linear behaviour
detected in the series according to standard BDS tests. On the other hand, we have used
daily data on the interest rates of nine ERM members, extending the number of countries
considered as compared with previously available studies. Moreover, we have analysed a
longer period, covering from the start of the EMS until 30 April 1998, the day before the

announcement of the countries participating in the European monetary union.

Our results suggest that, for the whole period of analysis, there is two-way causality
between, on the one hand, interest rates in Belgium, Denmark and the Netherlands, and,
on the other hand, those in Germany. However, for the cases of France, Ireland, Italy,

Portugal, Spain and the UK, causality is only found running from Germany to those



countries. It is also interesting to note that, when two-way causality is found, the forecasting

improvement is greater when national interest rates are predicted adding information on

German interest rates, than when German interest rates are predicted adding information
on other national rates. Overall, these results could be taken as a first indication of the

special role played by Germany within the EMS, even though we cannot talk of

“dominance” in a strict sense.

Next, and following previous studies on the subject, we have analysed the
robustness of our results by dividing the sample in two parts, before and after the German
reunification. Although our conclusions are not modified for the first half of the sample,
they do change after the German reunification, since two-way causality is only found in the
case of the Netherlands. Therefore, this would indicate a reinforcement of German
leadership in the working of the EMS following this major asymmetric shock. Overall, our
results would suggest a relatively low cost of giving up monetary sovereignty by the non-

German EMS countries, as implied by the European monetary union.

On the other hand, we have compared the results from our non-linear predictors
with those obtained from an alternative approach, namely, standard linear econometric
techniques. The standard approach led to somewhat different results; in particular, both
causality from Belgian and Danish interest rates to those of Germany, and from German
interest rates to those of Italy and Portugal, no longer hold. However, when computing
Diebold-Mariano tests to assess the forecasting accuracy of both predictors, our non-linear
predictors clearly outperformed in all cases the standard linear predictors. In other words,
and recalling the caution with which any empirical results should be taken, our

methodology would reveal itself as an improvement over the conventional one, in terms of



forecasting accuracy. Taken together with the evidence of non-linearity obtained from BDS
tests, the results of this paper would suggest that inference on causality based on our non-
linear predictors would be more appropriate for the issues analysed in the paper, and

preferable to that based on the standard linear approach

2 In addition, the fact that our main results did not change when replied using weekly data (see note
1), would mean that this conclusion is robust to the frequency of the data.
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Table 1: Phillips-Perron test statistics

First differences Levels
1(2) vs. I(I) I(1) vs. 1(0)
Phillips-Perron test Phillips-Perron test
Z(ts) | Z(t.) | Z(ty) Z(ts) | Z(t.) | Z(t)
Belgium -7.68 -7.22 -7.23 -2.21 -1.39 -1.42
Denmark -7.32 -7.35 -7.42 -2.27 -1.53 -1.18
Germany -7.43 -7.38 -7.18 -2.16 -1.52 -0.63
France -7.10 -7.49 -7.0% -1.60 -1.11 -1.21
Ireland -7.82 779 -7.617 -2.24 -1.50 -1.12
ltaly -7.85 -7.26 -7.83 -2.32 -2.21 -1.39
Netherlands -1.27 -7.29 -7.35 -0.73 -0.64 -0.72
Portugal -6.17 -6.19 -6.03 -1.17 -1.21 -1.17
Spain -6.38 -6.41 -6.25 -1.32 -1.34 -1.53
UK -7.87° -7.82 -7.43 -2.17 -1.18 -0.69
Notes:

(i) Z(tz), Z(t) and Zt;) denote the Phillips-Perron statistics with drift and

trend, with drift, and without drift, respectively (see Dolado, Jenkinson and
Sosvilla-Rivero, 1990).

(i) a denotes significance at the 1% level, according to MacKinnon’s (1991) critical
values.



Table 2: BDS test on ARIMAY1,0) residuals

(A) Belgium

€=0.50 €=0.75%0 £=0 €=1.25% £=1.50 e=1.7%0 £=20
m=2 28.77 15.47 21.98 22.37 21.76 24.6F 24.68
m=3 34.06 19.8F 2477 23.85 22.8% 25.06' 24.94
m=4 39.32 22.76 26.68 25.20' 23.62 25.23 24.63
m=5 45.42 25.50" 27.54 26.03 24.09 25.23 24.33
m=6 53.78 28.64 29.53 26.56' 24.3F 25.0F 23.88
m=7 65.54 32.84 31.24 27.29 24.6% 24.90 23.58

(B) Denmark

_ |

€=0.50 €=0.7%0 £=0 €=1.25%0 £=1.50 e=1.7%0 £=20
m=2 25.24 23.5F 22.63 22.2F 21.27 20.56' 20.86'
m=3 32.93 29.02 27.52 26.52 25.5F 25.07 25.30'
m=4 38.82 31.84 29.48 28.06' 26.92 26.64 26.9%
m=5 45.67 34.558 30.85 29.02 27.54 27.17 27.59
m=6 54.66 37.56 32.09 29.76 28.03 27.64 27.75
m=7 66.10 40.74 33.2¢F 30.24 28.19 27.7F 27.79

(C) Germany

_———————————————————— |

€=0.50 €=0.75%0 £=0 €=1.25% £=1.50 £e=1.750 £=20
m=2 18.94 27.94 24.24 23.47 25.85' 23.08 22.0F
m=3 24.87 34.46 27.39 26.24 27.89 24.96' 23.57
m=4 33.53 39.30" 30.39 28.40' 28.95' 25.42 23.83
m=5 47.18 44.48 33.42 31.3F 29.88 26.33 24.36
m=6 68.82 50.38 36.65' 34.03 30.49 26.89 24.76
m=7 102.53 57.4C 40.17 37.25 31.1C0 27.57 24.98




Table 2 (continued)

(D) France

€=0.50 €=0.7%0 £=0 €=1.25% £=1.50 e=1.750 £=20
m=2 21.19 21.02 22.22 22.14 22.58 21.0F 20.39
m=3 25.06 24.32 25.5F 24.63 25.12 23.15' 22.26'
m=4 29.33 26.56' 27.12 25.24 25.68 23.74 22.86
m=5 33.55 28.54 28.24 26.28 26.32 24.08 23.14
m=6 39.59 31.12 29.74 27.08 26.74 24.2F 23.24

Lmer | 4594 | 5865 | 8104 | 2760 | 2697 | 2427 | 2835 |

(E) Ireland

€=0.50 €=0.7%0 £=0 €=1.25% £=1.50 e=1.750 £=20
m=2 23.16 23.54 23.85' 24.44 26.05' 26.64 25.92
m=3 26.04 25.15' 25.12 25.30' 26.69 27.6F 26.73
m=4 28.15 25.80' 25.16 25.34 26.32 27.09 26.06'
m=5 30.06 25.9% 24.82 24.79 25.7F 26.23 25.4F
m=6 32.24 26.35' 24.64 24.33 24.85' 25.27 24.23
m=7 34.53 26.83 24.54 24.02 24.23 24.44 23.6TF

—
(F) ltaly

€=0.50 €=0.7%0 £=0 €=1.25% £=1.50 £e=1.750 £=20
m=2 21.3% 28.14 27.6F 26.46 25.02 25.09 25.12
m=3 24.25 30.97 29.6F 27.72 26.3F 26.04 26.25'
m=4 27.09 33.39 30.68 28.7T7 26.67 25.93 25.83
m=5 30.97 35.86' 32.29 29.28 26.45 25.4F 25.09
m=6 35.08 38.09' 33.12 29.43 26.34 24.73 24.1F
m=7 40.33 41.08 34.39 29.85' 26.35' 24.3F 23.4F




Table 2 (continued)
(G) Netherlands

£=0.50 €=0.7%0 £=0 £=1.250 £e=1.50 e=1.750 £=20
m=2 15.56 20.38 21.1% 16.94 19.69 19.57 18.16
m=3 20.48 24.37 24.83 20.87 20.69 21.96' 20.22
m=4 24.36 26.33 26.27 22.63 23.20' 22.60' 20.98
m=5 28.77 28.74 27.66' 23.78 23.73 22.90 21.29
m=6 35.04 31.82 29.33 24.75 23.97 22.9F 21.32

|m=7 | 4295 | 3588 | 3130 | 26.2F | 244T | 2317 | 2153 |

(H) Portugal

£=0.50 €=0.75%0 £=0 £=1.250 £e=1.50 e=1.750 £=20
m=2 13.27 10.18 11.83 9.95 7.66 5.78 4.43
m=3 15.43 11.94 12.62 10.40 8.83 7.35 6.82
m=4 16.9% 12.46 13.13 10.82 9.20 7.45 7.48
m=5 18.79 13.54 13.54 10.93 9.13 7.24 757
m=6 21.0% 15.0F 13.62 11.1¢ 9.15 7.13 7.48
m=7 23.28 16.18 14.82 11.54 9.3¢° 7.26' 7.7G"

—

(I) Spain

€=0.50 £=0.750 £=0 £=1.250 £=1.50 e=1.7%0 £=20
m=2 29.22 29.78 28.15 27.32 25.34 20.43 15.9C
m=3 33.37 33.20' 31.90 31.8F 30.9F 27.72 23.5F
m=4 35.0¢ 34.23 32.63 32.65' 35.18 29.43 25.4F
m=5 36.44 34.73 32.82 32.59 32.32 30.26' 27.14
m=6 37.53 34.758 32.63 31.82 31.73 30.06 27.35
m=7 38.99 34.96 31.98 31.3%F 31.26' 29.78 27.35




Table 2 (continued)

(J) UK

£=0.50 €=0.7%0 £=0 £=1.250 £e=1.50 e=1.750 £=20
m=2 23.14 33.77 22.42 25.35' 23.47 21.64 22.78
m=3 37.40 39.9F 28.06' 29.25' 27.04 24.66' 25.33
m=4 52.08 44,73 32.158 31.58 28.65' 25.98 25.83
m=5 71.52 50.0F 35.9F 33.60' 29.7F 26.5F 25.72
m=6 101.02 56.92 39.97 35.78 30.86' 27.13 25.62
m=7 144.56 65.20' 44.47F 37.85 31.83 27.46 25.33

Notes:

()

(ii)
(iii)

The BDS statistic is applied to the ARIM&L,0) residuals of the original series. Using the Schy
information criterion, the appropriate lag lengthis set equal to 4 for Denmark, France,
Netherlands, Ireland and Spain; 3 for Belgium, Germany, Italy and Portugal; and 1 for the U
We report the results for several values of the embedding dimengiamnd the distance), where
the latter is related to the standard deviation of the data (

BDS statistics are distributed N(0,1) under null hypothesigofesiduals; and a, b and ¢ den

arz
he

hte

significance at the 1%, 5% and 10% levels, respectively.




Table 3: BDS test on shuffled ARIMA(L,0) residuals

(A) Belgium
£=0.50 €=0.75%0 £=0 €=1.25% £e=1.50 e=1.7%0 £=20

m=2 -0.26 -0.41 0.27 0.21 0.29 0.37 0.45
m=3 -0.98 -0.97 -0.55 -0.27 -0.05 0.38 0.62
m=4 -0.65 -0.47 -0.16 0.04 0.18 0.71 0.97
m=5 -0.33 -0.35 -0.17 0.09 0.25 0.75 1.01
m=6 -0.24 -0.31 -0.07 0.26 0.45 0.84 1.08
m=7 -0.44 -0.46 -0.11 0.22 0.45 0.77 0.98

_ |

(B) Denmark

£=0.50 €=0.75%0 £=0 €=1.25% £e=1.50 e=1.7%0 £=20
m=2 0.70 -0.05 -0.43 0.17 0.43 0.56 1.15
m=3 -0.17 -0.67 -0.73 -0.37 -0.33 -0.16 0.46
m=4 -0.36 -0.81 -0.84 -0.63 -0.58 -0.39 0.31
m=5 -0.42 -0.77 -0.78 -0.55 -0.47 -0.22 0.47
m=6 -0.34 -0.71 -0.82 -0.64 -0.48 -0.14 0.58
m=7 -0.581 -0.882 -0.982 -0.796 -0.615 -0.22 0.52
(C) Germany

€=0.50 €=0.75%0 £=0 €=1.25% £=1.50 £e=1.750 £=20
m=2 0.04 -0.40 -0.11 -0.94 -1.24 -0.71 -1.09
m=3 -0.12 -0.48 -0.42 -1.03 -1.20 -1.14 -1.26
m=4 -0.09 -0.93 -0.72 -1.23 -1.21 -1.28 -1.17
m=5 0.13 -1.06 -0.76 -1.21 -1.34 -1.25 -1.29
m=6 0.48 -0.63 -0.65 -1.11 -1.15 -1.13 -1.25
m=7 0.91 -0.36 -0.38 -0.78 -1.16 -1.17 -1.14




Table 3 (continued)

(D) France

€=0.50 €=0.75%0 £=0 €=1.25% £e=1.50 e=1.7%0 £=20
m=2 -0.57 -1.15 -1.12 -1.13 -1.18 -1.22 -1.10
m=3 0.16 -0.55 -1.19 -1.16 -1.07 -0.55 -0.27
m=4 -0.21 -1.19 -1.16 -1.22 -0.87 -0.38 -0.32
m=5 -0.25 -1.16 -1.15 -1.17 -1.01 -0.49 -0.31]
m=6 -0.28 -1.18 -1.19 -1.15 -1.06 -0.57 -0.42
m=7 -0.16 -0.92 -1.22 -1.24 -1.13 -0.61 -0.47
(E) Ireland

€=0.50 €=0.75%0 £=0 e=1.25% e=1.50 e=1.7%0 £=20
m=2 0.37 0.36 0.11 0.475 1.04 0.63 0.86
m=3 1.21 1.28 1.29 1.28 1.23 1.17 1.27
m=4 1.22 1.24 1.25 1.23 1.17 1.26 1.23
m=5 1.14 1.24 1.27 1.23 1.24 1.21 1.23
m=6 0.84 1.13 1.21 1.26 1.21 1.22 1.26
m=7 0.51 0.92 1.26 1.27 1.18 1.21 1.04
(F) ltaly

£=0.50 €=0.75%0 £=0 €=1.25% £e=1.50 £e=1.750 £=20
m=2 -0.25 0.26 0.39 0.02 0.66 0.77 1.09
m=3 0.83 1.17 1.21 1.20 1.23 1.27 1.26
m=4 1.10 1.27 1.18 1.12 1.25 1.28 1.27
m=5 1.17 1.22 1.24 1.23 1.14 1.29 1.23
m=6 1.26 1.24 1.25 1.22 1.26 1.23 1.29
m=7 1.24 1.27 1.26 1.17 1.27 1.26 1.24




Table 3 (continued)

(G) Netherlands

£=0.50 £=0.750 £=0 £=1.250 £e=1.50 e=1.7%0 £=20
m=2 -0.59 -0.68 -0.67 -0.35 0.10 0.72 1.28
m=3 -1.21 -1.17 -1.03 -0.56 0.09 0.84 1.27
m=4 -1.20 -1.21 -1.23 -0.87 0.01 0.87 1.12
m=5 -1.21 -1.18 -1.24 -0.79 0.12 0.92 1.11
m=6 -1.22 -1.23 -0.98 -0.47 0.39 1.16 1.27
m=7 -1.11 -0.89 -0.58 -0.21 0.83 1.26 1.28
(H) Portugal

€=0.50 €=0.7%0 £=0 e=1.25% e=1.50 e=1.7% £=20
m=2 0.32 0.55 -0.47 -1.11 -1.14 -1.12 -1.56
m=3 0.44 0.53 -0.19 -0.49 -0.44 -0.26 -0.69
m=4 0.18 0.43 0.12 -0.27 -0.19 -0.03 -0.26
m=5 0.27 0.32 0.18 0.12 0.26 0.45 -0.12
m=6 0.11 0.22 0.10 0.09 0.25 0.57 0.15
m=7 -0.12 -0.13 -0.32 -0.12 0.33 0.72 0.21
(I) Spain

€=0.50 £=0.750 £=0 £=1.250 £=1.50 e=1.7%0 £=20
m=2 0.12 -0.11 -0.24 -0.44 -0.53 -0.71 -0.41
m=3 0.83 0.37 -0.27 -0.42 -0.43 -0.48 -0.49
m=4 0.89 0.59 -0.19 -0.29 -0.19 -0.22 -0.24
m=5 0.63 0.54 -0.14 -0.32 -0.12 0.12 0.23
m=6 0.74 0.71 0.12 -0.11 0.21 0.51 0.76
m=7 0.72 0.75 0.13 -0.12 0.20 0.57 0.90




Table 3 (continued)

(J) UK €=0.50 €=0.7%0 £=0 e=1.2% e=1.50 e=1.7%0 =20
m=2 1.11 -0.12 -0.10 -0.67 -0.44 -0.45 -0.43
m=3 0.33 0.10 0.17 -0.34 -0.12 0.24 0.16
m=4 0.11 0.34 0.33 -0.14 0.09 0.43 0.45
m=5 -0.12 0.37 0.39 0.12 0.21 0.42 0.44
m=6 0.16 0.43 0.32 0.09 0.12 0.36 0.42
m=7 -0.10 0.49 0.27 -0.04 -0.02 0.17 0.28
Notes: See Table 2.




Table 4: Non-linear predictors. Root mean square error (whole sample)

Univariate Bivariate Causality
Germany- Belgium 0.1851 0.1762 yes
Belgium- Germany 0.1138 0.1125 yes
Germany- Denmark 0.5897 0.5426 yes
Denmark- Germany 0.1121 0.1099 yes
Germany- France 0.2052 0.2008 yes
France- Germany 0.1111 0.1119 no
Germany- Ireland 0.5821 0.5690 yes
Ireland- Germany 0.1134 0.1143 no
Germany- Italy 0.3006 0.2962 yes
Italy - Germany 0.1173 0.1182 no
Germany- Netherlands 0.1085 0.0990 yes
Netherlands. Germany 0.1121 0.1014 yes
Germany- Spain 0.1289 0.1261 yes
Spain- Germany 0.1046 0.1051 no
Germany- UK 0.1488 0.1351 yes
UK - Germany 0.0920 0.0930 no
Germany- Portugal 0.5026 0.4148 yes
Portugal- Germany 0.0903 0.0910 no

Note: The forecasting period is 13-1-87 to 30-4-98 for Belgium, Denmark, France, Irelang
and the Netherlands, 19-6-89 to 30-4-98 for Spain, 08-10-90 to 30-4-98 for the

Kingdom, and 9-4-92 to 30-4-98 for Portugal.

, Italy,
nited




Table 5: Non-linear predictors. The Diebold-Mariano test statistic (whole sample)

Germany- Belgium 5.9958
Belgium- Germany 4.221%F
Germany- Denmark 3.9243
Denmark- Germany 3.290¢F
Germany- France 4.1630
France- Germany -1.3016
Germany- Ireland 2.8128
Ireland- Germany -1.2625
Germany- ltaly 4.823%
Italy — Germany -1.2524
Germany- Netherlands 5.3246
Netherlands, Germany 4.8949
Germany- Spain 3.8694
Spain- Germany -1.3038
Germany- UK 3.8547
UK - Germany -1.2537
Germany- Portugal 3.863%
Portugal- Germany -1.1724

Note: a denotes significance at the 1% level. The critical values are 2.58 (1%), 1.96 (5
1.64 (10%).

0), and



Table 6:Non-linear predictors. Root mean square eftvefore and after German reunification)

Until 29-11-90 After 30-11-90
Univarate Bivaiiate Causaltv Univarate Bivariate Causaltv
Germary - Belgium 0.1409 0.1327 yes 0.2149 0.2077 yes
Belgium - Germary 0.1299 0.1254 yes 0.0911 0.0943 no
Germaty - Denmark 0.2537 0.2433 yes 0.8067 0.7395 yes
Denmark- Germary 0.1299 0.1267 yes 0.0883 0.0909 no
Germary - France 0.1549 0.1506 yes 0.2345 0.2276 yes
France- Germary 0.1280 0.1290 no 0.0902 0.0913 no
Germayy - Ireland 0.2348 0.2305 yes 0.7256 0.7124 yes
Ireland- Germary 0.1283 0.1296 no 0.0906 0.0921 no
Germar - ltaly 0.2303 0.2295 yes 0.3238 0.3184 yes
Italy » Germary 0.1315 0.1364 no 0.0899 0.0915 no
Germary - Netherlands 0.1364 0.1164 yes 0.0870 0.0861 yes
Netherlands. Germary 0.1280 0.1251 yes 0.0902 0.0884 yes
Germaty - Spain 0.1264 0.0808 yes 0.1357 0.1293 yes
Spain— Germairy 0.1359 0.1364 no 0.0905 0.0921 no
Germary - UK 0.2947 0.2869 yes 0.1404 0.1371 yes
UK - Germaty 0.1310 0.1423 no 0.0906 0.0909 no

Note: See Table 4.




Table 7: Non-linear predictor§$he Diebold-Mariano test statistioefore and after German reunification)

Until 29-11-90 After 30-11-90
Germalry - Belgium 4.4708% 6.5709
Belgium - Germary 3.7474 -1.2875
Germaly — Denmark 3.2635% 3.9372
Denmark- Germary 2.7218 -1.3558
Germaly — France 3.5524 3.2767
France- Germary -1.3657 -1.2154
Germay — Ireland 2.7229 3.1792
Ireland— Germairy -1.3556 -1.3217
Germaly - Italy 3.6033 5.1439
ltaly -— Germary -1.3492 -1.5324
Germaly — Netherlands 3.2865% 5.8368
Netherlands. Germary 3.5312 4.0279
Germaly — Spain 3.5183 3.8427
Spain- Germary -1.2523 -1.3329
Germary — UK 3.490% 4.0257
UK - Germary -1.2519 -1.3802

Note: See Table 5.




Table 8: Cointegration tests

Phillips-Perron Johansen Cointegration

Belgium -4.98 9.87 yes
Denmark -5.73 16.98 yes
France -4.66 8.39" yes
Ireland -4.37 7.93 yes
Italy -4.29 6.79 yes
Netherlands -5.1%3 24,92 yes
Portugal -2.52 1.43 no
Spain -4.62 8.56" yes
UK -2.11 0.55 no

Notes:

(i) The cointegrating regressionijs 1 + A, wherei, is the national interest rate aifd

is the German interest rate.

(i) adenotes significance at the 1% level.




Table 9: Linear predictors. FPE statistics (whole sample)

FPE(,0)x10° FPE(,n)x10° Causality
Germany- Belgium 1.7214(1,0) 1.6327(1,3) yes
Belgium- Germany 4.5921(1,0) 4.6246(1,1) no
Germany Denmark 0.1524(3,0) 0.1282(3,2) yes
Denmark- Germany 4.6117(1,0) 4.6312(1,1) no
Germany- France 2.1735(2,0) 2.1207(2,2) yes
France- Germany 4.5155(2,0) 4.5316(2,1) no
Germany- Ireland 0.1058(3,0) 0.0869(3,3) yes
Ireland- Germany 4.5345(1,0) 4.5587(1,1) no
Germany- Italy 4.6234(3,0) 4.6593(3,1) no
Italy - Germany 4.5400(1,0) 4.5609(1,1) no
Germany- Netherlands 5.2049(2,0) 4.9461(2,2) yes
Netherlands, Germany 4.5305(2,0) 4.4227(2,1) yes
Germany- Spain 10.8639(1,0) 10.8334(1,2) yes
Spain- Germany 3.4703(2,0) 4.1373(2,1) no
Germany- UK 7.3032(2,0) 7.2802(2,1) yes
UK - Germany 2.5413(1,0) 2.5417(1,1) no
Germany Portugal 9.5227(1,0) 9.5490(1,2) no
Portugal- Germany 1.4622(2,0) 1.4813(2,1) no

Note: The figures in brackets are the number of lags in every equation yielding the smallg

estimated from the entire sample for each pair of countries.

st FPE,



Table 10: Linear predictors. The Diebold-Mariano test statistic (whole sample)

Germany- Belgium 3.256°F
Belgium- Germany -1.0053
Germany- Denmark 3.395¢F
Denmark- Germany -1.2740
Germany- France 3.1968
France- Germany -1.3771
Germany- Ireland 2.6722
Ireland- Germany -1.1931
Germany- ltaly -1.8994
Italy — Germany -1.1807
Germany- Netherlands 3.2353
Netherlands, Germany 2.6513
Germany- Spain 2.7879
Spain- Germany -1.2385
Germany- UK 2.36472
UK - Germany -1.1336
Germany- Portugal -1.954%
Portugal- Germany -0.9968
Notes:

() The forecasts have been computed recursively from the dates shown in the note to T4

order to allow comparisons with the non-linear case.

\ble 4, in

(i) a, b and c denote significance at the 1%, 5% and 10% levels, respectively. The criticgl values

are 2.58 (1%), 1.96 (5%), and 1.64 (10%).
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Table 11: Linear predictors. FPE statistics (before and after German reunification)

Until 29-11-90 After 30-11-90

FPHmM,0)x10° FPEm,n)x10° Causality | FPEmM,0)x10° FPEmM,N)x10° Causality
Germaly - Belgium 1.1369(1,0) 1.1244(1,2) yes 0.7898(1,0) 0.7708(1,2) yes
Belgium . Germaly 2.0182(1,0) 2.0193(1,1) no 2.3810(1,0) 2.3943(1,1) no
Germary — Denmark 0.4212(1,0) 0.4023(1,2) yes 0.2346(1,0) 0.2341(1,2) yes
Denmark. Germary 0.7989(1,0) 0.8055(1,1) no 0.2397(1,0) 0.2643(1,1) no
Germary - France 0.9721(2,0) 0.9484(2,2) yes 0.2937(2,0) 0.2801(2,2) yes
France. Germary 0.7788(2,0) 0.7922(2,1) no 0.2371(2,0) 0.2375(2,1) no
Germary - Ireland 2.0080(3,0) 2.0012(3,3) yes 0.7808(3,0) 0.7283(3,1) yes
Ireland—. Germary 0.1454(1,0) 0.1557(1,1) no 0.2381(1,0) 0.2393(1,1) no
Germary - ltaly 0.1404(2,0) 0.1995(2,1) no 0.7861(3,0) 0.7942(3,1) no
ltaly . Germary 0.6337(1,0) 0.6512(1,1) no 0.2361(1,0) 0.2471(1,1) no
Germary - Netherlands 0.5635(2,0) 0.5522(2,2) yes 0.4073(2,0) 0.4001(2,3) yes
Netherlands. Germary 0.1823(1,0) 0.1720(1,2) yes 0.2351(3,0) 0.2195(3,1) yes
Germary - Spain 0.3197(1,0) 0.3015(1,2) yes 0.3212(1,0) 0.3013(1,2) yes
Spain_ Germary 0.8055(1,0) 0.8112(1,1) no 0.2887(1,0) 0.2892(1,1) no
Germary - UK 0.1142(2,1) 0.1101(2,1) yes 0.2677(2,0) 0.2389(2,1) yes
UK _ Germary 0.0955(1,0) 0.0995(1,1) no 0.0724(2,0) 0.0799(2,1) no

Note: The figures in brackets are the number of lags in every equation yielding the smallest FPE, estimated from the entiefe@napk 4fter Germg

reunification,in every case) for each pair of countries.

r



Table 12: Linear predictorghe Diebold-Mariano test statistic (before and after German reunification)

Until 29-11-90 After 30-11-90
Germary — Belgium 3.0053 3.023¢F
Belgium - Germary -1.2641 -1.3237
Germary - Denmark 3.1426 3.2410
Denmark- Germary -1.5742 -1.8279
Germary - France 3.012¢F 2.959¢F
France. Germaly -1.1168 -1.1267
Germary - Ireland 2.9748 3.1469
Ireland- Germaly -1.4064 -1.4303
Germauy - ltaly -2.3567 -2.3413
Iltaly — Germaury -1.7210 -1.5083
Germary - Netherlands 3.1559 2.760F
Netherlands. Germalry 2.6330 2.8988
Germalry - Spain 2.8320 2.9308
Spain- Germary -1.3915 -1.3773
Germary - UK 3.042%F 2.6867
UK - Germaly -1.0145 -1.3636

Note: See Table 10.
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Table 13: Linear versus non-linear predictors forecast accuracy. The Diebold-Mariano test statistic (whole sample, antldfedoBeaaman reunification)
Whole sample Until 29-11-90 After 30-11-90
Univariate Bivariate Univariate Bivariate Univariate Bivariate
Germaty - Belgium 2.9104 2.6387 4.7483 3.9802 3.5617F 3.0153
Belgium - Germaly 3.1197 3.6352 3.4957 3.7108 3.008%F 4.8342
Germary — Denmark 3.3868 3.257G 3.6032 3.7869 3.7878 4.2017
Denmark- Germary 3.1014 3.987F 3.4957 3.8150 3.987¢F 4.4108
Germary - France 3.1568 3.2397 3.5745% 4.1886 3.477¢ 3.9304
France- Germary 3.2366 4.0212 3.3189 3.97406 3.6598 4.2810
Germary - Ireland 3.8012 4.142% 3.5390 3.8689 3.0342 3.440%
Ireland- Germary 2.8590 3.1593 3.2608 3.6197 3.4634 3.60058
Germary - Italy 3.2129 3.1716 3.6540 3.6247 3.8662 3.7055%
ltaly -~ Germary 3.7096 4.5706 3.1808 3.8353 3.6438 3.8566
Germaty - Netherlands 3.7746 3.7236 3.1116 3.1935% 3.2583 3.3142
Netherlands. Germaly 3.2998 4.0034 3.3189 3.683%F 3.7293 4.3000
Germaty - Spain 3.012¢ 3.4943 3.9223 4.1828 3.56370 3.7544
Spain- Germary 3.7012 4.0103 3.8683 3.9016 3.5437 3.8367
Germary - UK 3.0203 3.2602 3.0350 3.0416 3.758% 4.2262
UK - Germaly 3.5499 3.4053 3.4923 3.0133 3.5127 3.3572
Germalry - Portual 3.513% 3.9532 - - - -
Portwjal » Germary 3.4194 3.4668 - - - -
Notes:
0] A sig_nificant and positive (negative) value indicates a significant difference between the two forecasting errors, whitkavoaldetter accuracy of the non-linear (lingar)
(i) grgglncct)(t)er.s significance at the 1% level. The critical values are 2.58 (1%), 1.96 (5%), and 1.64 (10%).




