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Abstract

This paper examines the implications for the Nordic countries (Denmark, Fin-
land, Norway and Sweden) of participating in the final stage of the European Mon-
etary Union. Economic linkages with Germany are estimated using a time series
econometric approach under both the Bretton Woods and the post—Bretton Woods
exchange rate regimes. Output responses of the Nordic countries to permanent and
transitory disturbances emanating from Germany are estimated and compared with
two small “core” EU members, Belgium and the Netherlands.

We find that the long—standing EU members (Belgium, Denmark and the Nether-
lands) are closely intergated with Germany in that German shocks have a direct and
large impact on their output developments. These linkages appear much weaker for
Finland, Norway, and Sweden. Common European disturbances also do not distin-

guish the Nordic countries from the non—Nordic countries.
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1 Introduction

Finland will most likely be the only Nordic country to join the first stage of European
Monetary Union (EMU) if it begins on schedule in 1999. In the autumn of 1994, the voters
of Sweden and Finland decided to join the European Union (EU), while those in Norway
decided to remain outside. In Denmark, the voters had earlier decided not to join the
single currency area but remain otherwise a fully-integrated member of the EU. Denmark,
however, maintains the option of having another voter referendum. The government of
Sweden decided on a similar course, in essence reneging on the commitment made when
voters accepted the Maastricht Treaty, by announcing in Spring 1997 that it would not be
among the first group of EU countries forming monetary union.! Only Finland therefore
appears fully committed at this point to membership in EU and EMU at the outset.

The desirability of entry into the EU and the monetary union rests in large part of the
perceived benefits and costs. The benefits of monetary unification and the establishment
of a single currency area are generally identified as lower transactions costs associated with
the elimination of national currencies, increased credibility of participating governments’
commitment to price stability, and greater efficiency of resource allocation through the
elimination of exchange rate related uncertainty.?

The main costs of a single currency area, on the other hand, are giving up the value
of changing the exchange rate when desired and, more broadly, losing the option of fol-
lowing an independent monetary policy. This option is especially important if countries
in the monetary union are facing asymmetric shocks, in which case exchange rate adjust-
ments and separate monetary policies could help to stabilize nation—specific aggregate

fluctuations.?

'In making this decision the Swedish government decided not to follow the advice of the Riksbank’s
(Sweden’s central bank) governing board which had recommended that Sweden be among the first group

of countries forming EMU.

2Eichengreen (1992) uses these categories in discussing the potential benefits of a European monetary
union. He concludes that, in principle, the benefits are small, meaning that maintenance of firmly fixed
exchange rates between distinct national currencies would reap most of the benefits. However, he suggests
that the special circumstances allowing governments to commit to fixed exchange rates are not present
in Europe today. The One Market, One Money report by the Commision of the European Communities

(1990) is more optimistic over the benefits of monetary union.

3See De Grauwe (1992) for a comprehensive non—technical discussion of the economics of monetary
unification and a critique of the optimal currency area literature. Fratianni and von Hagen (1992)
systematically investigate issues of a European monetary union using a three country game-theoretic

model. They employ model simulations to determine the welfare effects of various disturbances.



Several recent studies have evaluated various aspects of the entry of the Nordic coun-
tries into EMU.* However, there has been surprisingly little empirical investigations of the
specific costs and benefits from the macroeconomic perspective. Sardelis (1993) investi-
gates whether the business cycle in the Nordic countries tends to move in synchronization
with the EU average, and finds relatively low real GDP correlations with the EU over
the 1972-91 period. The contributions of Bayoumi and Eichengreen (1993a,1993b) are
to identify fundamental demand and supply disturbances for each European country, and
correlate these disturbances with those in Germany.” The countries with high correlations
with Germany are termed “core” EU, and those with low correlations are termed “pe-
riphery”. Among Nordic countries, Bayoumi and Eichengreen find that Sweden seems to
fit best with the core EU, while Norway and Finland are similar to the periphery group.
Whitt (1993) follows a similar approach but finds less evidence for a core group prepared
for EMU.

One common statistical feature to both these approaches is that the correlation co-
efficients reflect both fundamental shocks and economic structure. The “core” country
disturbances identified by Bayoumi and Eichengreen, for example, may be highly corre-
lated with German shocks either because of symmetry in their fundamental disturbances
or because German disturbances are being transmitted to these economies. The former is
the traditional indicator, while the latter captures the degree of economic linkage between
countries, which in turn depends on the exchange rate regime.’ In principle, both the de-
gree of economic linkage as well as the symmetry of disturbances are important criteria for
judging the desirability of monetary union. Separating these two components is important,
however, since a main objective of the EC is to increase economic integration (financial,

goods and labor) among member states. This implies that the “core/periphery” distinc-

4In a background study to a Swedish government report (SOU, 1994), Wihlborg (1993) considers the
microeconomic aspects of joining a monetary union from the Swedish perspective. He argues that greater
economic integration in Europe must lead to either monetary union or flexible exchange rates; increased

currency substitution would preclude fixed rates as a viable option.

>Supply and demand disturbances are derived from the time series of domestic output and inflation
and identifying demand shocks as those having only temporary effects on real output. The shocks for
each country are estimated independently of other countries. The imposition of the long—run neutrality
restriction to identify structural time series models was first used by Blanchard and Quah (1989). See
Hutchison and Walsh (1992) and Bergman (1996) for a discussion of this methodology.

6For example, most models predict that a German monetary shock will have the strongest output
effect (positive) on those economies maintaining rigid pegs to the DM and having strong trade links with
Germany. In this case, German monetary shocks will induce higher output correlations between Germany

and the EMS countries than between Germany and non—-EMS countries.



tion may change dramatically particularly if economic linkage rather than commonality
of disturbances is most important.

Our research investigates these issues for the Nordic countries. We also focus on
Germany as the key currency country in the EU, but differ from other work by estimating
models which explicitly incorporate structural linkages with Germany. We seek to (i)
explicitly measure how closely the Nordic countries are tied to Germany, (ii) determine
whether these ties are related to exchange rate regimes, and (iii) identify similar patterns
observed in the structural shocks among Nordic countries and two small “core” EMS
members (Belgium and the Netherlands).

By investigating the pattern of structural shocks (controlling for the influence of the
German economy), we hope to shed light on whether symmetric disturbances or economic
structure best explain the willingness of the small European countries to fix their exchange
rate to the German Mark. We examine whether the Nordic countries with mixed political
support for joining EMU, share characteristics similar to ERM “core” members Belgium
and the Netherlands. We also attempt to control for exchange rate regimes by estimating
the models for both the Bretton Woods period — when exchange rates between Germany
and the Nordic countries were tied via the dollar standard — and the post—Bretton Woods
era, when exchange rate parities with Germany changed much more frequently. Choosing
two long—standing ERM members for comparison with the Nordic countries also serves
this purpose.

Our empirical work uses structural vector autoregression (VAR) models with cointe-
gration restrictions to identify the linkages of each country in the sample with Germany
and to identify the fundamental disturbances. A strength of this approach is that it allows
us to distinguish between permanent shocks having long—lasting effects (for example, pro-
ductivity or supply—side shocks) and transitory shocks having only short—term effects (for
example, demand shocks). We identify four independent disturbances; domestic and Ger-
man permanent and transitory shocks. We also add oil prices to model treating oil shocks
as exogenous to capture potentially large structural differences in energy production and
dependence between Norway, on the one hand, and the other three Nordic countries,
on the other. The country—specific disturbances (permanent and transitory shocks) are
therefore measured net of oil and German influences. Using these estimates we are able
to measure the degree of structural linkage with Germany and the nature of fundamental
disturbances comparing Nordic countries with Belgium and the Netherlands.

The paper is structured in the following manner. Section 2 presents the empirical
model and a description of the methodology applied to identify the structural shocks. In

section 3, we present the empirical results and section 4 concludes the paper.



2 Empirical Analysis

2.1 Methodology

Let us assume that the joint behavior of the multivariate process, z,, comprised of German
industrial production, y{, German inflation, Ap{, focus—country industrial production, Yl
where 7 = Denmark, Finland, Norway, Sweden, Belgium and Netherlands, and focus—
country inflation, Ap/, can be represented by a vector autoregressive (VAR) process with
Gaussian errors. We will also assume that these endogenous variables are affected by the
change in the oil price, z,, which is determined outside the system. All variables are in

logarithms. The dynamic simultaneous equations model can then be written as:

T =p+ i A(k)‘rt—lc + i B(k)zt—k + & (1)

k=1 k=1
where the vector p is a constant, A and B are 4 X 4 and 4 X 1 matrices respectively, and
g, is a four dimensional error vector. The initial values zy,...,z; , and z,..., 2, are
taken as fixed. In addition we assume that z, is nonstationary whereas the exogenous
variable, the change in oil prices, is assumed to be stationary. Under these assumptions,
the dynamic simultaneous equations model given in equation (1) can be written in a

vector moving average form,
Az, =C(1)p+C(L)e, + C(L)B(L)z,

The structural VMA model (disregarding deterministic terms and exogenous variables)
linking the structural disturbances (supply and demand shocks) of interest to the observed
variables may be written as:

Az, = R(L) v, (2)

where v, is a vector of structural shocks, E [v,v}] is diagonal and R (L) is a matrix polyno-
mial. We assume that our system of variables are affected by German and focus—country
permanent and transitory shocks. In particular, we let v, = { AT T Y }/ where
¢ denotes permanent shocks while 1 denotes transitory shocks. Our problem now is how
to recover the structural shocks in (2) from conventional estimates of the VAR in (1). A
useful approach is to let R(L) = C' (L) T~ where the matrix T' translates and identifies
the structural shocks v, from estimates of the residuals ¢,, i.e., v, = I'e,. In the next

section we discuss how the I matrix can be constructed.



2.2 Identification

After estimating the model in (1), some additional identifying restrictions on the estimated
disturbance terms are necessary to calculate the structural shocks, impulse response func-
tions and variance decompositions. Such identifying restrictions have taken a variety of
forms in the recent literature. One approach achieves identification by imposing a pri-
ort restrictions on the contemporaneous interactions among the variables in the system.
These restrictions normally take the form of exclusion restrictions following a recursive
structure popularized by Sims (1980).

Another approach introduced by Blanchard and Quah (1989) is to impose long—run
restrictions on the impulse response pattern. This approach achieves identification by
dividing the shocks into two groups, those having only transitory effects on the variables
in the system and those having permanent effects on at least one variable. Typically
permanent shocks are associated as supply shocks whereas transitory shocks are viewed
as demand shocks.

A third approach, which we will use, is to base identification on a common trends
model following King, Plosser, Stock and Watson (1991), Warne (1993) and Quah (1994).
Within this approach knowledge about the cointegration space allows us to identify both
permanent and transitory shocks. In our model, since we are decomposing disturbances
into two groups (two permanent shocks and two transitory shocks), it follows that there
should be two cointegration vectors and, thus, two common trends in the data. In the
Appendix we discuss in some detail how, in the general case, the two permanent shocks
and the two transitory shocks are identified using estimates of our model.

We begin by following the approach of Bayoumi and FEichengreen in assuming that
inflation rates are stationary and output levels are non-stationary but not cointegrated.”
Following this literature (e.g., Bayoumi and Eichengreen (1993a,1993b), Blanchard and
Quah (1988) and others) we also interpret permanent shocks as supply disturbances and
transitory shocks as demand disturbances.

Our stationarity assumptions imply that the data generating process is characterized
by two supply shocks and two demand shocks, i.e., two cointegration vectors and two
common trends. Within this framework, the system may be exactly identified by two
additional restrictions. One restriction is needed to distinguish between the two supply

shocks and one restriction is needed to similarly disentangle the two demand shocks. To

"This may seem counter intuitive. But while disturbances emanating from Germany may leave a
permanent imprint on focus—country output, domestic disturbances are also determining long—run output

movements.



identify the supply shocks, we assume that focus—country supply shocks cannot affect
German industrial production in the long—run. This is natural since the six countries we
examine can be regarded as small open economies relative the German economy. This
restriction, including the implicit assumption that demand shocks only leave transitory
imprints on the variables, implies that the long—run system linking the two supply shocks

to the observable variables can be written as

Yy 1 0
Y _ Yor 1 7'3?
Ap? 0 0 Tl
Ap! 0 0

where the parameter 7,, is freely estimated and measures the long—run effect from German
supply shocks on the focus country, and 7¢ and 77 are the foreign and domestic common
trends, respectively.® With no further restrictions it is possible to identify the two supply
shocks affecting our system.

The two demand shocks can be identified using a procedure discussed in detail by
Warne (1993) and Quah (1994) and shown in Appendix A. They propose an identification
scheme similar to the standard Choleski based identification suggested by Sims (1980)
discussed above. The individual effects of the two demand shocks are distinguished by
assuming that a certain innovation does not exert contemporaneous impact on one selected
variable. In our particular application, we assume that focus—country demand shocks have
no first period effect on German inflation. We could, of course, add additional restrictions
such as also restricting the first period response of German industrial production. In
this case, our system would be over-identified. We choose not to add over-identifying
restrictions, however.

Since some of the shocks in v, only give short—run effects on the variables, certain
coefficients in R(1) must be zero. In our model, with two transitory shocks (demand
shocks), this implies that the last two columns of R(1) are zero. The first two columns
contain the factor loadings of the common trends, i.e., measure the long—run impact on
certain variables from the two supply shocks. Moreover, our assumption that the focus—
country permanent shock has no long-run effect on Germany implies that the second

element in the first row of R(1) is zero.

#Note that we have normalized the effects from the supply shocks such that a one percent positive
German supply shock leads to a one percent rise in the level of German industrial production in the
long—run. This normalization makes it easier to compare estimates of the different countries below.



We have now the necessary tools to examine the influence of German and focus—country
disturbances on each country and investigate the properties of the estimated structural

shocks. This is the focus of the next section.

3 Empirical Results

3.1 Data

The data set consists of monthly observations on industrial production and inflation mea-
sured by the consumer price index for the four Nordic countries Denmark, Finland, Nor-
way and Sweden and two non—Nordic countries, Belgium and the Netherlands. All data
are obtained from IFS except industrial production in Denmark (compiled by Danmarks
Nationalbank) and Belgium (taken from OECD MEI database).” The crude petroleum
prices in dollars are obtained from the Citibase data base, converted into German Marks
(at the spot exchange rate) and real values (deflated by German CPI). All variables are
expressed in natural logarithms and are not seasonally adjusted. We examine two non—
overlapping subperiods: the Bretton Woods era from 1960:1-1970:12 and the post—Bretton
Woods period from 1974:1-1995:12.

3.2 Model estimates

In this section we estimate the structural VAR model given in equation (1) for each
country separately (adding seasonal dummy variables), identify the system along the lines
described above, and extract the four structural shocks. To examine whether domestic
structural shocks in the small European countries are symmetrical, we simply present
correlation coefficients. We also control for the German influence by computing variance
decompositions of focus—country output.

Prior to estimating the structural VAR model, however, we have to determine the lag
length, test the restrictions imposed in our identification procedure above, i.e., that there
are two cointegration vectors in the data and that inflation in both Germany and the
focus country is stationary. In Table 1, we report p—values from univariate Ljung—Box
and Engle’s LM tests for ARCH, for the two samples. From this table we note that, at
the five percent level, the null hypothesis (i.e., that the residuals are not autocorrelated)

can be rejected in only three out of 20 cases in the Bretton Woods period and in two out

We thank Ninette Pilegaard Hansen at the Ecomomic Policy Research Unit at the Copenhagen

Business School for providing the Danish data.



of 24 cases in the post—Bretton Woods period. The null hypothesis of no ARCH (up to
lag 6) can be rejected more often, in particular in the latter sample. We reject this null
in two cases in the earlier sample period and in nine cases in the latter sample. However,
our interpretation is that our models are reasonably well specified. These test statistics
do not change that much when adding more lags to the VAR model. For example, using
12 lags in the VAR model we reject the two null hypothesis above as often as when we
have 6 lags in the model.

Table 2 reports the results from using the so—called Johansen approach of testing for
cointegration, i.e., likelihood ratio trace tests and eigenvalues, see e.g., Johansen (1991)
and Johansen and Juselius (1992). One potential problem with our model is that we have
added a (stationary) exogenous variable to our model. This will affect the asymptotic
distribution of the trace tests. However, using the standard critical values for a model
with linear trends, the LR trace tests suggest two cointegrating vectors in five cases,
one cointegration vector in four cases, and four cointegration vectors (i.e. all variables
are stationary) in one case. Looking at the eigenvalue associated with each trace test
(reported in parenthesis below the test statistic), we note that they are typically quite
high for two cointegration vectors and drop substantially when adding a third vector.
The trace statistic is also quite close to the standard critical value when testing r = 1.
Following this way of reasoning, we make the judgement that r = 2 for an additional
four cases. For Finland (during the Bretton Woods period) and the Netherlands (during
the post—Bretton Woods period) our results suggest one and three cointegration vectors,
respectively. Given the inherent diffiiculty in determining the number of cointegration
vectors when sample sizes are limited, we proceed on the assumption that 2 cointegration
vectors exist for all of the countries.

We test whether industrial production and inflation are stationary using a likelihood
ratio test and assuming that there are 2 cointegration vectors in the data. The results
from these tests are summarized in Table 3. These test statistics suggest that we often
can reject the null hypothesis that the data series are stationary. In general, the p—
values of tests of the null that industrial production is stationary is lower than for testing
inflation. Our interpretation is that our assumptions made in context to the discussion
about identification are rejected in many cases. One way to proceed is then to assume
that all four variables are nonstationary, forming two cointegration vectors and apply our

identifying restrictions discussed above.!" However, if all variables are included in both

10Note that our identifying restrictions discussed above are not affected by the fact that all variables

are contained in the cointegration space, see Appendix A.



cointegration vectors, it follows that all variables are affected by the permanent shocks in
the long—run. The long—run model linking the two common trends (the two permanent

shocks), and imposing the same long—run restriction as is used above can be written

yP 1 0

yg _ | T 1 [ Tg ]
Ap;? Y31 V32 T
Apj Ya1 Va2

In this case, we note that permanent focus—country shocks will have long-run effects on
foreign inflation. To impose the overidentifying restriction that the parameter -3, mea-
suring this long—run effect is zero, we have to introduce a restriction on the cointegration
space. In particular, if focus—country inflation can be excluded from one of the two coin-
tegration vectors, then the parameter v, = 0 . This overidentifying restriction is tested
in Table 4. The low p—values of likelihood ratio tests of this null hypothesis suggest that
this hypothesis can be rejected at conventional significance levels.

These mixed results are resolved by estimating three separate structural models. The
first model imposes the restriction that both German and focus—country inflation are
stationary (our base model), the second assumes that inflation is nonstationary, and the
third assumes that inflation is nonstationary and imposes the overidentifying restriction
discussed above. Comparing correlations of extracted structural shocks from these three
groups of models reveal only minor differences. The main conclusions that can be drawn
from the analysis are unaffected of our assumptions concerning inflation (if inflation is
stationary or nonstationary). The same conclusion emerges from the impulse response
analysis. However, variance decompositions are significantly affected when inflation is
nonstationary. We report the base-model results (assuming that inflation is stationary)
as well as the variance decompositions which highlight the sensitivity of the results to

alternative model specification.!!

3.3 Correlation of focus—country supply and demand shocks

To examine whether domestic disturbances in the focus country are symmetrical, we ex-
amine correlations among supply and demand shocks after they have been adjusted for
the influence of the German variables and oil prices. The major questions addressed here
are (i) whether country—specific supply and demand shocks of the Nordic EU members

(Denmark, Finland and Sweden) show a similar pattern to Belgium and the Netherlands;

1 Results for the other two models are available on request from the authors.
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(ii) whether Norwegian supply and demand shocks show a distinct pattern from the other
countries, which in turn may explain the decision of Norwegian voters to reject EU mem-
bership; and (iii) whether there is any distinctive common pattern among the countries
favoring EMU entrance during the first stage (Belgium, Finland and the Netherlands).

Table 5 shows the simple correlations and significance levels among domestic supply
shocks for each pair of countries in the sample. Correlations for both the Bretton Woods
(10 pairs, shown in lower triangle) and post—Bretton Woods (15 pairs, shown in upper
triangle) samples are provided. Five of the correlations (33%) are significant at the 5
percent level of confidence or better during the post—Bretton Woods sample and two (20%)
are significant in the Bretton Woods sample. Common supply shocks, abstracting from
oil price disturbances, appear with somewhat more frequency during the post—Bretton
Woods period.

Looking more closely at the correlations among supply shocks for country pairs for the
post—Bretton Woods sample, we find that 2 of the 6 Nordic—Nordic pairs are significant, 2
of the 8 Non—Nordic and to Nordic pairs are significant, and the single Non—Nordic to Non—
Nordic pairing is significant. No special distinction between the Nordic and Non—Nordic
countries in the sample is apparent. Correlations from the Bretton Woods period reveal,
by contrast, that 2 of 6 Non—Nordic to Nordic correlations are significantly negative but
that no other correlations are not significant. That is, during the Bretton Woods sample,
only supply shocks in the Netherlands were negatively correlated with supply shocks in
Norway and Finland.

Table 6 shows the simple correlations and significance levels among domestic demand
shocks. The table reveals that 9 of the 15 (60%) demand shock correlations are signifi-
cant during the post—Bretton Woods period, but only 1 of 10 (10%) during the Bretton
Woods period. The importance of common demand shocks appear to be much more im-
portant in the current environment than previously. Although a number of the demand
shock correlations are significant in the more recent period, the Nordic to non—Nordic
distinction again does not appear to be particularly important: half (3) of the Nordic to
Nordic correlations are significant, somewhat less than two—thirds (5) of non—-Nordic to
Nordic correlations are significant, and the single non—Nordic to non—Nordic correlation
is significant.

It is also useful to compare these correlation coefficients with the correlation between
German shocks estimated in each of the six focus—country models. If the models are
correct, German structural shocks estimated within each system should be identical. The
tests show (not shown in the paper) that German shocks from each model are highly

correlated (and always significant), the correlation coefficients are around 0.8 except for
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two cases where the correlation is higher than 0.6.

3.4 Importance of German shocks

Tables 5 and 6 are measuring the pairwise correlations among the supply and demand
shocks, respectively, for our sample countries after controlling for the influence of dis-
turbances transmitted from Germany and oil prices. To examine the effect of German
supply and demand shocks on smaller European economies under the Bretton Woods and
post—Bretton Woods periods, we compute the impulse responses of focus—country output
to German shocks and their relative importance. In particular, we examine the influ-
ence of a standardized supply shock and demand shock on the evolution of focus—country

output over time holding other factors constant.!?

While the impulse response analysis
provides information on the effects of standardized German supply and demand shocks
during the sample periods, it does not take the actual variability of focus—country output
into consideration. Whether German shocks played a larger or smaller role in determining
output fluctuations in the small European economies depends on both the strength of the
linkages as well as the importance of the disturbances emanating in Germany. This is

investigated through variance decompositions.

3.4.1 Impulse responses

German supply shocks should be interpreted as productivity developments and other fac-
tors that are standardized to effectively cause a one percent permanent rise in German
output. To get a more concrete understanding of these disturbances emanating from Ger-
many, figure B.1 in Appendix B shows the response of Germany output in the short— and
long—run to a positive German supply shock. Each of these effects is estimated separately
for each group of (focus—country) equations. The effects are very similar regardless of the
model estimated: a German supply shock immediately increases German output, with the
impact effect ranging from 0.5 percent to over 1 percent, and relatively quickly (within
two years) converges on the long-run value of 1.0 percent. Hence, an important channel
of transmission of the “Germany supply shock” to the smaller European countries is via
a large short—run and permanent rise in German output.

Figure 1 shows the output response for each country to a one unit German sup-

ply shock during the Bretton Woods period (solid line) and post—Bretton Woods period

12\We normalize the system such that a one percent supply shock leads to a one percent permanent

change in German output.
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(dashed line). In every case, the output response to a German supply shock is greater
in the post—Bretton Woods period than in the Bretton Woods period. This difference is
substantial in Belgium and the Netherlands, the two countries in the sample presumably
best integrated with Germany via their long—standing membership in the EU and having
the strongest exchange rate link. (Denmark is also a long-standing EU member, but data
is not available to make a comparison with the earlier episode.)

Perhaps most interesting for our purposes, however, is that the long—standing EU
and “core” ERM members — Belgium, Denmark and the Netherlands — are much more
influenced by German supply shocks than are Finland, Norway and Sweden. In the
recent sample period, output in Belgium, Denmark and the Netherlands each increased
by over 0.70 percent one—year after a German supply shock and the long—run effect is 1.02
percent, 0.82 percent, and 0.94 percent, respectively. By contrast, the long—run (short—
run; one-year) effects on output in the other Nordic countries are 0.28 (0.14) percent in
Finland, 0.41 (0.23) percent in Norway, and 0.33 (0.28) percent in Sweden. Perhaps not
surprising, these results indicate that members of our sample identified as by Bayoumi
and Eichengreen as “core” EU members are most exposed to supply shocks emanating
from Germany — not because of the symmetry between fundamental disturbances in
Germany and the smaller EU countries but because of the economic structure linking the
economies.

The evidence on German demand shocks is more difficult to interpret than the supply
shocks. Demand shocks are identified as having only short— and medium-run effects on
focus—country (and German) output, and the dynamics in most cases are complicated.
To gain a better understanding of these disturbances, Figure B.2 in Appendix B shows
the effects of German demand shocks on German output. In every case the impact effect
is positive and then gradually, but with considerable oscillation, dampens to zero (the
long-run restriction). The initial impact effect ranges from 0.4 to 0.6. An important
channel of transmission of German demand shocks therefore will be through the initial
positive impact on German output.

The effects of German demand shocks on focus—country output is shown in Figure 2 for
the post-Bretton Woods period.'® Although considerable short-run variation is evident,
the transmission of the German demand shock is generally positive in Belgium, Denmark
and Sweden and negative in Finland. The effects on output in the Netherlands and

Norway is mixed in the sense that the initial positive impact from the German demand

13The impulse responses for the Bretton Woods period, omitted for brevity, show a similar pattern.
These results are available from the authors upon request.
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shock is subsequently followed by negative impulses in several periods.

The strongest effect of the German demand shock is evident in Belgium. The impact
effect in Belgium is to increase industrial production by about 0.4 percent, with a peak rise
after 4 months and followed by a gradual decline. After two years the effect on Belgium is
still about 0.09 percent. This strong positive effect may reflect the strength of the trade
linkages between the two economies. The strongest negative short—run effect, by contrast,
is seen in Finland. Industrial production in Finland is 0.35 percent below the baseline

five months after the German demand shock, and roughly unchanged after 7 months.

3.4.2 Variance decompositions

Another way of measuring the importance of Germany on the output of the smaller
European economies is to decompose the percentage of the focus—country’s output forecast
error variance at different horizons to that part attributable to German supply shocks,
German demand shocks, and other disturbances. These variance decompositions are
shown in Table 7.

A significant portion of the output (forecast error) variances of the three long—standing
EMU members — Belgium, Denmark and the Netherlands — are explained by German
disturbances, mainly emanating from supply—side shocks. German shocks explain 20
percent or more of the one-month ahead output variance for these countries, with Belgium
at the high end (33 percent). Over the longer horizon, the percentage of total variance
explained rises, with a range from 45 percent (Denmark) to 77 percent (Belgium).

This evidence is consistent with the impulse responses tracing out the effects of German
supply shocks in that the other countries in the sample (i.e., Finland, Norway and Sweden)
seem much less influenced by the German economy. The range of output forecast error
variance in Finland, Norway and Sweden explained by German shocks is 0-5 percent after
the initial disturbance and 6-21 percent over the longer—term forecast horizon.

An interesting feature of Table 7 is the small percentage of output variance explained
by German demand disturbances, defined as those shocks having only transitory effects
on output. By construction and definition, German demand shocks do not influence the
forecast error variance of output in the long—run. But it is noteworthy that German
supply shocks also dominate the short— to medium—term output variance explained by
Germany. That is, German demand shocks play a small role even in those cases such
as Belgium (4 percent), Denmark (0 percent) and the Netherlands (1 percent) where a
substantial part of the one-month ahead forecast error variance in output is explained by

German disturbances (supply and demand). Hence, these results suggest that permanent
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shocks emanating from Germany are by far the most important.

Focus—country demand disturbances, by contrast, play a much more important role
in explaining output fluctuations. The one—period ahead output forecast error variance
explained by domestic demand disturbances in the post—Bretton Woods period, for ex-
ample, range from 7 percent (Denmark) to 36 percent (Sweden). These disturbances play
a more important role in four of the countries.

The only qualitative important difference in results from the three alternative models
that we estimated is in the variance decompositions. Comparing our base-model spec-
ification with the second model (described above), we find that German shocks — an
aggregate over supply and demand — explain less of focus—country output variance in
every case. This is shown in Table 8. The same pattern also emerges comparing our
base-model with the third model estimates (not shown for brevity). In some instances
this difference may be substantial. In particular, the base—model estimates of the German
influence over output variance in Belgium and the Netherlands is much larger than the
estimates from the two alternative models. This sensitivity to model specification should

be recognized when drawing conclusions from the empirical work.

4 Conclusion

Our results suggest that common shocks among the small European economies considered
in our sample do not help explain why some countries have chosen to join the first group
of countries starting the single currency area in Europe and why others have opted to
remain outside. Common European disturbances do not distinguish the Nordic countries
from the non—Nordic countries, nor do they distinguish long—standing EU members from
the others in our sample.

Economic linkages to Germany, however, appear to distinguish these groups of coun-
tries. In particular, permanent shocks emanating from Germany have a much larger
impact on output in the countries in our sample which have been long—standing EU
members (Belgium, Denmark and the Netherlands) than the other Nordic countries (Fin-
land, Norway and Sweden). This result holds up both in the impulse response functions
and the variance decompositions. German transitory shocks, by contrast, appear to have
only minor influence on the small European economics we have investigated.

Domestic shocks (permanent and transitory shocks) explain the remaining part of of
output variance. In the short—and medium-term, domestic transitory shocks explain quite

a significant part of output variance in all countries except for Denmark. Nonetheless,
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the overall pattern that emerges is that permanent shocks (German and domestic) also
explain the greater part of the short— and medium—term output variance.

Commonality of disturbances and linkages to Germany do not seem to explain vot-
ers’ and governments’ decisions for or against monetary union. The countries with the
strongest (Belgium) and weakest (Finland) linkages to Germany are both firmly commit-
ted to monetary union in Europe. And Denmark, with very strong economic linkages to
Germany, plans to remain outside the single currency area. The relative commonality
or asymmetry of economic disturbances also appears of limited value in explaining the
political motivations for joining EMU. Perhaps, this is not surprising. We have shown
that countries which have been identified as potential “core” EU members are charac-
terized mainly by their strong trade and financial linkages with Germany. As a major
objective of the EU is economic integration, one would anticipate that the linkages of new
EU members (Finland and Sweden) with Germany should strengthen over time, in turn

increasing the desiriability of monetary union as conventionally measured.

References

Bayoumi, T. and Eichengreen, B. (1993a). Shocking Aspects of European Monetary
Unification. In Torres, F. and Giavazzi, F., editors, Adjustment and Growth in the

FEuropean Monetary Union. Cambridge University Press, Cambridge.

Bayoumi, T. and Eichengreen, B. (1993b). Is there a Conflict Between EC Enlargement
and European Monetary Unification? Greek Fconomic Review, 15:131-154.

Bergman, M. (1996). International Evidence on the Sources of Macroeconomic Fluctua-

tions. Furopean Economic Review, 40:1237—1258.

Blanchard, O. J. and Quah, D. (1989). The Dynamic Effects of Aggregate Demand and
Supply Disturbances. American Economic Review, 79:655—673.

De Greuwe, P. (1992). The Economics of Monetary Integration. Oxford University Press,
Oxford.

Eichengreen, B. (1992). Should the Maastricht Treaty Be Saved? Princeton Essays in

International Finance, No. 74.

Engle, R. F. and Granger, C. (1987). Co-Integration and Error Correction: Representa-
tion, Estimation and Testing. Fconometrica, 55:251-276.

16



European Commission (1990). One Market, One Money. Furopean Economy, 44.

Fratianni, M. and von Hagen, J. (1992). The European Monetary System and European

Monetary Union. Westview Press, Boulder, Colorado.

Hutchison, M. M. and Walsh, C. (1992). Empirical Evidence on the Insulation Proper-
ties of Fixed and Flexible Exchange Rates: The Japanese Experience. Journal of
International Economics, 32:241-263.

Johansen, S. (1991). Estimation and Hypothesis Testing of Cointegration Vectors in
Gaussian Vector Autoregressive Models. Econometrica, 59:1551-1580.

Johansen, S. and Juselius, K. (1992). Testing Structural Hypotheses in a Multivariate
Cointegration Analysis of the PPP and the UIP for U.K. Journal of Econometrics,
53:211-244.

King, R. G., Plosser, C. 1., Stock, J. H., and Watson, M. W. (1991). Stochastic Trends

and Economic Fluctuations. American Economic Review, 81:819-840.

Quah, D. (1994). Identifying Vector Autoregressions. In FIEF Studies in Labor Markets

and Economic Policy, vol. 5. Clarendon Press, Oxford.

Sardelis, C. (1993). EC Enlargement and the EFTA Countries. European Commission
Economic Papers, No. 100.

Sims, C. A. (1980). Macroeconomics and Reality. Econometrica, 48:1-48.

Stock, J. H. (1987). Asymptotic Properties of Least Squares Estimators of Cointegrating
Vectors. Econometrica, 55:1035-1056.

Warne, A. (1993). A Common Trends Model: Identification, Estimation and Asymptotics.
Institute for International Economic Studies, University of Stockholm, Seminar Paper
No. 555.

Whitt, J. (1993). European monetary union: Evidence from structural vars. Paper
presented to the Federal Reserve Committee on International Economic Analysis,
October.

Wihlborg, C. (1993). Mikroekonomiska aspekter pa en monetdir union. Samhéllsekonomi,
Nordstedts Tryckeri AB, Stockholm.

17



Appendix A: Identification of permanent and transi-

tory shocks

In this appendix we discuss the identification scheme used to identify the four structural
shocks in our dynamic simultaneous model given in (1 ). Let us, in the following discussion
disregard the exogenous variable. Under these assumptions, our VAR model can be
written as

A(L)z, = p+¢ (A.1)

where the 4 X 4 matrix polynomial A(z) = I, — 1;-':1 Ajzj , where z is a complex number,
I, is the 4 x 4 identity matrix and L is the lag operator. The 4 dimensional vector of
innovations ¢, is assumed to be a white noise sequence with E [¢,] = 0 and a nonsingular
covariance matrix E[g,e}] = ¥. We also assume that the vector time series z, is integrated
of order one, i.e., det[A(z)] = 01iff | z [> 1 or z = 1. Since we have assumed that the
vector time series is integrated of order one it is well known that the VAR model in (A.1)

can be written as the following vector error correction, VECM, model
A" (L) Az, = p+af'z,_, + ¢ (A.2)

where A*(L) = I, — Y071 AL and A} = — Y7, | A;. The rank of the matrix a3 is
important since it determines the cointegration rank, i.e., the number of cointegration
vectors in the system.

Next, consider how the estimates of the VECM model can be used to identify the struc-
tural (orthogonal) disturbances in the system. Suppose that we estimate the cointegration
vector # and assume that the cointegration rank is 2. From Granger’s representation the-
orem (cf. Engle and Granger (1987), Johansen (1991) or Warne (1993)) we know that the
VAR model in (A.1) which is cointegrated of order (1,1) can be rewritten as the following

vector moving average, VMA, model
Az, =6+ C(L)e, (A.3)
where C(L) = I, + 3232, C;L7 and § = C(1)p. Furthermore, if we let
C(L)=C(1)+ (1 - L)C(L)

where C(L) = ¥2,C,L' and C; = — 321 O for i > 0 (cf. Stock (1987)) we get the

reduced form common trends, CT, model

x, =z + C(1)& + é(L)gt (A4)
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where
S =p+& e (A'5)

This model implies that we have decomposed the vector time series into two orthogonal
components, a permanent component reflecting the common trends and a transitory com-
ponent reflecting the stationary part of the system. Our main interest, however, lies in

the structural common trends model

where
T =M+ T+ (A-7)

T is the 2 x 4 loading matrix, 7, is a bivariate vector of random walks with drift p
and ®(L) = 332, ®;L7 is finite for all L. Let the four dimensional vector of residuals
vy = [ AR A }/ where ¢, is the bivariate vector of permanent shocks, satisfying E [v,] = 0
and E [v,v}] is diagonal. The structural common trends model in (A.6) and (A.7) implies
that we have decomposed the vector time series z, into two components, permanent and
a transitory component in accordance to the decomposition of the reduced form common
trends model in (A.4) and (A.5). A comparison of the permanent components of these
two models imply that Yy, = C(1)e, and YY' = C(1) X C(1) (cf. Warne (1993)). It
is thus possible to estimate the loading matrix T from estimates of the VMA model in
(A.3). To this end, let T = Y7 where 7 is a 2 X 2 lower triangular matrix and Y, satisfies
BT, =0.

Following Warne (1993) we choose a 4 x 4 nonsingular matrix I" such that v, = I'e,.

We can now rewrite the VMA model in (A.3) in the following manner:
Ax, =6+ C(L)e, = 6 + C(L)T 1o, (A.8)
where C'(L)I'! = R(L). Warne (1993) also provide us with
o= (T0)TC(1)e,

and
by = a(Ua)™H(Qy) ™
where Q,Q, = ('Y !¢, ¢ = a(Ua)™! and U is a selection matrix.

Consider next using the common trends framework to identify the effect of permanent
and transitory disturbances, i.e., how we estimate the matrix I. Following Quah (1994)

and Warne (1993), our system comprised of four variables, two common trends (k = 2)
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and two cointegration vectors (r = 2) together with the definition of 7= above, uniquely
determine 3 parameters. We will therefore require 1 additional restriction to separately
identify the two permanent shocks and 1 restriction to disentangle the two transitory
shocks.

Write the system that links the four variables to the two permanent trends, the German

trend 7/ and the focus—country trend . as

yP 1 0

y! B 0 1 m; O 77 A

Ap? | | B Bu J ( '9)
Dt 4 4 To1 Tag Tt

NI

where d = (854013 — B23014). Note that the system reflects the cointegration restrictions
because the first matrix on the RHS of the equation is the orthogonal complement to (3
(normalized), i.e., §, whereas the next matrix is the lower triangular 7 matrix. With no
further restrictions on this system it is possible to identify the common trends since (A.9)

can be written as

i T11 0

yg o o1 a9 at A10
Ap? - 7ﬂ247r11d+ﬂ147T21 ﬂ14;22 Tg : ( : )
Apg ﬁzsﬂllgﬁ137"21 —ﬁ1d37T22

Our identifying restriction made above is that the focus-country trend 77 does not affect
German output in the long—run. This single restriction is sufficient to distinguish the two
trends. Of course, more restrictions may be examined from this structure. For example,
suppose that we believed that the focus—country trend 77 had no effect on German inflation
in the long-run. In this case the second element in the third row should be equal to zero.
This is an overidentifying restriction that is testable in this framework.

Let us now turn to the identification of the transitory shocks. Our system contain as
described above two transitory shocks, ¥ and 7. Write the system that links the data

to the transitory shocks as

yg Ci1 Crz '

Yy _ Co1 Caz i1 412 Vi (A.11)
Ap;? C31 Cso U (i

Ap{ Ca1 Caz

where ¢ = a(Ua)™!, as stated above. Here, the o matrix denotes the error correction

terms, and the ¢ matrix is the inverse of a Choleski decomposition of ¢'X~!(. The choice
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of a as the first RHS term in this expression allows us to identify transitory shocks that
are orthogonal to the common trends. The selection matrix U can be chosen such that 1

element in (q is zero. Let (4, = 0 such that the system in (A.11) can be written as

?th Ci1dn1 Z?:1 C1qu'2
. g .
ygg _ Cor111 Z;‘:1 C2qu'2 7@ ‘ (A.12)
Apt' 0 > =1 C3jq]'2 Uy
Ap} Ca111 Z?:l C4jq]'2

This single restriction of no contemporaneous effect from the focus—country transitory

shock on foreign inflation is sufficient for identification of the two transitory shocks.
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Table 1: Univariate tests for autocorrelation and ARCH.

Bretton Woods
Eq.1 Eq. 2 Eq.3 Eq.4

Finland L-B 091 0.02 0.28  0.02
LM 0.55 0.20 097 0.84
Norway LB 0.72 0.07 046  0.35
LM 0.74  0.61 0.94 092
Sweden LB 0.57 0.02 0.21 0.61

LM 0.05 056 092 0.51
Belgium L-B 063 088 0.07 0.82
LM 0.04 0.00 049 0.89
Netherlands IL-B  0.95 0.20 0.60 0.90
LM 0.19 033 098 0.68
post—Bretton Woods
Denmark L-B 0.26 0.07 0.91 0.13
LM 0.00 0.15 0.056 0.01

Finland L-B 001 026 092 0.46
LM 0.00 022 0.02 054
Norway L-B 0.09 0.60 0.82 0.74
LM 0.00 0.72 0.09 0.85
Sweden L-B 019 083 095 0.63

LM 0.00  0.10 0.24  0.16
Belgium L-B 004 048 0.60  0.35
LM 0.00 0.72 0.10  0.05
Netherlands L-B 0.06 0.52 0.96 0.20
LM 0.00  0.75 0.15 0.00

Note: LB refers to Ljung—Box tests of the null hypothesis that the residuals are not
autocorrelated with 31 and 36 degrees of freedom, respectively. LM refers to Engle’s LM
test of the null of no ARCH in the residuals with 6 degrees of freedom. Only p—values are
reported in the Table.
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Table 2: LR trace tests for cointegration.

Bretton Woods

r=20 r=1 r=2 r=3
Finland 75.97F 18.88 7.25 0.02
(0.367)  (0.089)  (0.056)  (0.000)
Norway 79.58* 25.30 3.86 0.63
(0.352)  (0.158)  (0.026)  (0.005)
Sweden 76.79" 26.38 6.61 0.22
(0.332)  (0.146)  (0.050)  (0.002)
Belgium 98.80" 45.88" 10.18 0.45
(0.345)  (0.248)  (0.075)  (0.004)
Netherlands  113.61% 42.65 13.77" 5.68"

(0.433) (0.206) (0.063) (0.044)
post—Bretton Woods

Denmark 82.34* 41.58* 5.23 0.32
(0.147)  (0.131)  (0.019)  (0.001)
Finland 53.29" 21.01 4.83 0.55
(0.118)  (0.061)  (0.016)  (0.002)
Norway 54.82F 29.54+ 7.46 0.00
(0.094)  (0.082)  (0.029)  (0.000)
Sweden 85.18" 25.00 3.65 0.05
(0209)  (0.080)  (0.014)  (0.000)
Belgium 84.79" 29.95" 10.61 0.82
(0.192)  (0.072)  (0.037)  (0.003)
Netherlands 69.69" 21.08 8.24 2.71

(0.172)  (0.049)  (0.021)  (0.010)

Note: Eigenvalues associated with each null hypothesis are reported in parenthesis below
each LR trace statistic. Tests are performed within the unrestricted dynamic simultaneous
equations model given in equation (1) using 6 lags. (+) denotes significance at the 10

percent level.
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Table 3: Tests for stationarity.

Bretton Woods
y/ ~I1(0) y?~1(0) Apf ~1(0) Ap?~1(0) Ap' and Ap? ~ I(0)

Finland 11.12* 10.89* 3.92 0.94 14.47*
Norway 19.62* 19.08* 5.527F 5.38" 16.00*
Sweden 17.81* 16.08* 7.78* 471" 25.54*
Belgium 27.20* 23.38* 3.18 1.87 57.82*
Netherlands 23.95* 23.59* 13.67* 0.41 16.45*
post—Bretton Woods
Denmark 32.01* 33.55" 20.48* 24.59* 39.52*
Finland 11.03* 14.19* 4.40 9.46* 18.01*
Norway 18.67* 20.94* 5.71" 14.43* 20.71*
Sweden 17.86* 21.38* 3.41 10.24* 13.23*
Belgium 16.29* 17.99* 7.09* 11.09* 28.82*
Netherlands 5.95% 7.42* 0.61 0.07 13.64*

Note: The LR test statistic is x? distributed with 2 degrees of freedom. Tests are per-
formed within the unrestricted dynamic simultaneous equations model given in equation
(1) using 6 lags and assuming that the cointegration rank is 2. (*) denotes significance at

the 5 percent level and (4) at the 10 percent level.

Table 4: Tests of overidentifying restriction.

Bretton Woods

Denmark Finland Norway Sweden Belgium Netherlands

0.05 0.02 0.01 0.18 0.00
post—Bretton Woods
0.00 0.05 0.05 0.08 0.02 0.54

Note: The null hypothesis is that domestic inflation does not enter one of the two
cointegration vectors. The LR test statistic is x? distributed with 1 degrees of freedom.
Only p-values are reported in the table. Tests are performed within the unrestricted
dynamic simultaneous equations model given in equation (1) using 6 lags and assuming

that the cointegration rank is 2.
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Table 5: Correlations among domestic supply shocks, Bretton Woods\post—Bretton
Woods.

Bretton Woods\post—Bretton Woods

DK FIN NOR SWE BEL NDL
DK 1.000 0.017 —0.019 0.069 0.069 0.013
FIN 1.000 0.130* 0.143* 0.018 0.076
NOR 0.125 1.000 0.102 0.155* 0.068
SWE 0.036 —0.001 1.000 0.169* 0.076
BEL 0.064 0.006 —0.006 1.000 0.290*
NDL —0.182* —0.163" 0.122 0.027 1.000

Note: (*) denotes significance at the 5 percent level, and (+) at the 10 percent level.

Table 6: Correlations among domestic demand shocks, Bretton Woods\post—Bretton
Woods.

Bretton Woods\ post—Bretton Woods

DK FIN NOR SWE BEL NDL
DK 1.000 0.097 0.185* 0.048 0.167* —0.008
FIN 1.000 0.166* 0.061 0.135* 0.148*
NOR 0.204* 1.000 0.144* 0.052 0.133*
SWE 0.035 —0.016 1.000 0.203* 0.054
BEL —0.047 —0.001 0.137* 1.000 0.128*
NDL —0.023 0.042 0.097 0.011 1.000

Note: (*) denotes significance at the 5 percent level, and (+) at the 10 percent level.
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Table 7: Output variance explained by German supply (GES) and demand shocks (GED)
and focus country supply (DS) and demand shocks (DD).

Bretton Woods post—Bretton Woods
GES GED DS DD GES GED DS DD
Denmark 1 19.5 0.0 73.7 6.8
6 29.8 0.9 625 6.8
12 34.2 0.7 60.3 4.7
24 38.2 0.5 58.6 2.7
36 40.0 0.3 57.7 1.9
00 44.7 0.0 55.3 0.0
Finland 1 39 144 720 9.7 0.4 0.0 747 253

6 49 6.0 81.8 7.3 2.2 1.0 70.0 26.8

12 4.2 3.7 875 4.6 2.0 0.6 747 227

24 31 20 924 24 2.3 0.3 814 16.0

36 2.7 1.3 943 1.7 2.7 02 854 117

co 1.8 0.0 98.2 0.0 9.5 0.0 945 0.0

Norway 1 215 22 762 0.1 0.7 04 918 7.1
6 224 3.5 720 2.1 5.8 1.2 812 118

12 222 3.0 724 24 6.4 1.3 820 103

24 21.2 23 746 1.8 8.5 09 833 7.2

36 20.7 1.8 76.0 1.5 10.6 0.7 834 5.3

co 184 0.0 81.6 0.0 21.0 00 789 0.0

Sweden 1 838 0.1 89.5 1.6 2.9 25 3889 357
6 18.1 24 755 4.0 7.7 34 649 241

12 208 23 739 29 7.7 21 7.0 132

24 246 14 722 1.8 8.1 11 842 6.6

36 26.6 1.0 711 1.3 8.4 0.7 86.6 4.3

oo 318 0.0 68.1 0.0 8.9 0.0 911 0.0

Belgium 1 02 122 831 122 283 43 420 253
6 44 41 819 9.6 501 6.4 240 195

12 144 3.1 76.0 6.6 59.7 4.7 21.8 13.7

24 209 19 731 4.1 68.6 25 214 7.5

36 238 14 718 3.0 718 1.6 219 4.7

oo 315 0.0 685 0.0 76.6 00 234 0.0

52.7 19 440 1.3 195 0.5 573 227
6 60.6 1.0 349 3.5 390 1.0 407 19.3
12 62.2 0.7 350 2.2 509 06 327 15.7
24 64.2 0.3 343 1.1 59.6 0.3 303 9.8
36 64.9 02 341 0.7 631 0.2 301 6.6
oo 66.3 0.0 33.7 0.0 69.0 0.0 310 0.0

Netherlands

—_
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Table 8: Output variance explained by German shocks in alternative model specification.

Model 1 Model2
Bretton Woods post-Bretton Woods Bretton Woods post—Bretton Woods

Denmark 1 19.5 17.8
6 30.7 31.7

12 34.9 34.9

24 38.7 36.1

36 40.3 36.5

0 44.7 37.5

Finland 1 18.3 0.4 0.2 1.5
6 10.9 3.2 44 3.9

12 7.9 2.6 5.7 2.6

24 5.1 2.6 6.4 2.6

36 4.0 2.9 6.6 2.9

00 1.8 5.5 7.2 3.9

Norway 1 23.7 1.1 1.7 04
6 25.9 7.0 1.9 3.3

12 25.2 7.7 1.8 4.5

24 23.5 9.4 1.7 6.6

36 22.5 11.3 1.6 7.7

00 184 21.0 14 10.6

Sweden 1 8.9 5.4 1.2 2.7
6 20.5 11.1 2.7 7.1

12 23.1 9.8 3.2 6.1

24 26.0 9.2 3.9 5.8

36 27.6 9.1 4.2 5.8

00 31.8 8.9 5.2 5.7

Belgium 1 12.4 32.6 0.0 10.8
6 8.5 56.5 14 34.8

12 17.5 64.4 4.6 42.1

24 22.8 71.1 6.7 46.2

36 25.2 73.4 7.6 47.3

00 31.5 76.6 10.1 48.8

Netherlands 1 54.6 20.0 7.7 13.7
6 61.6 40.0 11.1 28.3

12 62.9 51.5 12.0 38.9

24 64.5 59.9 13.1 45.0

36 65.1 63.3 13.5 46.9

00 66.3 69.0 14.3 49.6

Note: Model 1: German and focus country inflation are stationary. Model 2: German and focus country
inflation are nonstationary and there are two cointegration vectors in the data. The cointegration vector

is unrestricted, i.e., all variables are included in both vectors.
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Figure 1: Impulse response of output to German supply shocks during the Bretton Woods

(solid line) and the post—Bretton Woods (dashed line) periods.
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Figure 2: Impulse response of output to German demand shocks during the post—Bretton

Woods period.
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Appendix B: Impulse responses of German output and

inflation to German supply and demand shocks.
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Figure B.1: Impulse response of German output to German supply shocks during the

Bretton Woods (solid line) and the post—Bretton Woods (dashed line) periods.
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Figure B.2: Impulse response of German output to German demand shocks during the
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