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Editorial

This paper analyses the comovement of the German and Austrian economies and the
transmission of German shocks to Austria. Static and dynamic correlation measures
show a strong comovement and a change of the relative position in time of these two
economies. The transmission of German shocks to Austria is analysed with a two-
country VAR model. Using sign restrictions on impulse response functions, the
authors identify German supply, demand and monetary policy shocks. They find that
the average reaction of the Austrian economy to German shocks amounts to 44% of

the German reaction and remains broadly stable over time.
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Gerhard Fenz and Martin Schneider’
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Abstract

This paper analyses the comovement of the German and Austrian economies and the
transmission of German shocks to Austria. Static and dynamic correlation measures show a
strong comovement and a change of the relative position in time of these two economies. The
transmission of German shocks to Austria is analysed with a two-country VAR model. Using
sign restrictions on impulse response functions, we identify German supply, demand and
monetary policy shocks. We find that the average reaction of the Austrian economy to
German shocks amounts to 44% of the German reaction and remains broadly stable over
time.

JEL classification: C32, E32, F41
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1. Introduction

Linkages between Austria and Germany are manifold. Both countries share a common
border, a common language, similar institutional settings and last but not least a tempestuous
common history. All these similarities have led to strong economic ties between Austria and
its largest neighbour. One third of Austrian exports are going to Germany and 40% of its
imports are coming from Germany. The German share in inward foreign direct investment
reaches 40%. Since the early 1980's, the exchange rate between the Austrian Schilling and the
German Mark is de facto fixed. In absolute terms (i.e. in percent of GDP) the trade and
financial links have steadily increased over the past decades. But since the opening up of
Eastern Europe und the surge of Austrian trade volumes and foreign direct investments in this
region the importance of Germany declined in relative terms (i.e. in % of total exports/FDIs).
Also in the area of monetary policy - with the advent of European Monetary Union - the
exclusive focus on Germany was given way to a broader European perspective. Against this
background, one could expect that the Austrian economy is nowadays less exposed to German
business cycles fluctuations than before.

Several aspects of the business cycle links between Germany and Austria have been
analysed so far. Brandner and Neusser (1992) determine the static correlation between
different macroeconomic variables. They find high contemporaneous correlation for GDP and
investment but only small correlation for private consumption. Winckler (1993) emphasizes
that the strikingly high comovement of the two economies is mainly the result of Austria’s
policy orientation towards Germany. Against the background of a constant bilateral exchange
rate social partners in Austria closely followed German developments in the wage bargaining
process in order to preserve Austria’s price competitiveness. Hochreiter and Winckler (1995)
identify sector-specific shocks for the period 1973 to 1989 and find no evidence for an
increase of symmetry between the two countries. Cheung and Westermann (1999) study the
economic relations between Germany and Austria using an error correction model and find a
stable long-run relationship for industrial production. Moreover, changes in German industrial
production Granger cause changes in the Austrian industrial production but not vice versa.
Finally, the International Monetary Fund (Epstein and Tzanninis, 2005) analyses the
economic linkages between Germany and Austria and finds a marginal decrease of the static
correlation between German and Austrian GDP over the last ten years.

We contribute to that literature in basically two aspects. First we analyse the business
cycle synchronisation between Germany and Austria and its changes over time using static
and dynamic correlation measures. Second, we identify German supply, demand and
monetary shocks and analyze their transmission to Austria within a two-country VAR model.
To identify these shocks, we apply the identification scheme proposed by Canova (2005)* and
use sign restrictions on the impulse responses.

The paper is organized as follows. Section 2 gives a brief overview over the economic
links between Austria and Germany. The degree of comovement is analysed in section 3. In
section 4 structural shocks for Germany are identified and the transmission of these shocks to
the Austrian economy is determined. We summarize the results in section 5 and draw some
conclusions.

2 Similar identification schemes have been applied amongst others by Faust (1998), Uhlig (2005) and Canova and de

Nicol6 (2003).



2. Economic linkages between Austria and Germany

Intensive links characterise the economic relations between Austria and its largest trading
partner Germany. Whilst trade has always played an important role, financial integration
became a strong growing link since the full liberalization of the capital account in Austria at
the end of the 1980s. In addition, monetary policy plays an important role in synchronizing
the movements of the two economies.’

Trade: internationalization of production increases trade intensity

The development of Austria’s exports over the last decades was characterized by three
main trends: an overall strong increase of trade volumes, a surge in intra-industrial trade and
a shift in the regional composition. Following a global trend, trade volumes increased
markedly over the last decades. In the period from 1972 to 2005 exports grew almost twice as
fast as output. Especially trade in goods showed a very dynamic development. The trade share
(sum of total exports and imports in percent of GDP) increased from less than 60% to almost
100%. Besides global developments like the decrease in transport and communication costs
and the removal of trade barriers, the accession of Austria to the European Union and the
European Monetary Union and the emergence of new markets in Central and Eastern Europe
have played a major role.

Figure 1: Austrian exports of commodities to Germany and the CEECs®.
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Germany is by far Austria’s most important trading partner and — in absolute terms -
became more and more important over time. Exports of commodities to Germany in percent
of Austrian GDP increased steadily from 4% in 1972 to 12% in 2004 (see figure 1). In relative
terms, we see substantial changes of the importance of Germany over time. The share of

3 Theoretically a common monetary policy can also lead to looser linkages, since countries can no longer respond to
country specific shocks using monetary policy instruments.

4 CEECs includes Albania, Bulgaria, Croatia, Czech Republic, Slovakia, Poland, Romania, Hungary, Estonia, Latvia,
Lithuania, Macedonia, Slovenia, Bosnia-Herzegovina, Russia, Ukraine, Belarus.



exports to Germany in total exports increased steadily from 21% in 1974 until it peaked at
40% in 1992. Since then - contrary to the absolute role - the relative role of exports to
Germany is declining.

The development of the export share of the CEECs mirrors this picture. Since the mid
70ies the share of exports to the CEECs shows a U-shaped profile. The declining role in
relative as well as in absolute terms in the second half of the 1970s and in the 1980s is a
consequence of Austria’s policy towards integration into the European Union and the
increased indebtedness of the CEECs. Since the opening up of Eastern Europe, the share of
the CEECs in total Austrian exports is steadily increasing at the expense of Germany.

The surge in total trade volumes is also associated with the trend to intra-industrial trade
and the phenomenon of vertical integration. According to the Grubel-Lloyd-index, the share
of intra-industrial trade with Germany increased from 47% in 1972 to 79% in 2004°. A high
degree of intra-industrial trade is characteristic for developed economies with similar
production structures and economies of scale in the production and leads to an increase in the
synchronisation of business cycles.

Figure 2: Composition of Austrian exports of machinery and transport equipment
(SITC 7) to Germany

in % of total exports of commodities to Germany
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At the same time, the phenomenon of vertical integration as reflected by the emergence of
cross-border production-chains gained importance. Hummels, Ishii and Yi (2001) show for a
panel of 14 OECD countries that since the 70ies vertical integration accounts for 30% of
export growth. Moreover, sectors that experienced the strongest export growth are those with
a high degree of vertical integration. In the economic relations between Germany and Austria

The Grubel-Lloyd-Index measures the share of  intra-industrial trade IT) as:
IH =1-)"|X, - M,
sector i. The Grubel-Lloyd-Index is reported for two-digit SITC-commodities.

/Zi (X, +M,)> where X, und M ; denote the exports and imports of commodities of



the dynamic development of the Austrian automotive supply industry is a prominent example.
The sharp rise of the share of machinery and transport equipment in total exports from 26% in
1972 to 46% in 2004 and of the subcomponent road vehicles from 2% to 13% reflects that
fact (see figure 2).

Foreign Direct Investment: steady growth of outward FDI to CEECs.

Financial integration developed even more dynamically than trade integration over the last
15 years. A detailed and comprehensive regional breakdown of international capital flows
from and to Austria from 1990 onwards - the period of a fully liberalized capital account in
Austria - is only available for foreign direct investments. Stocks of total inward and outward
FDIs increased from 3% respectively 7% of GDP in 1990 to more than 20% each in 2003 (see
table 1). Germany plays a dominating role in inward FDIs with a stable share of around 40%.
Outward FDI is dominated by investment in the CEECs which grew very rapidly in recent
years. Inward and outward portfolio investment grew at a similar pace as FDI.

Table 1: Stocks of Austrian foreign direct investment

1990 1995 2000 2003

in % of total inward (outward) FDI

Inward from Germany 38.2 41.9 46.8 39.9
Outward to Germany 24.4 19.4 19.0 16.1
Inward from CEECs 1.3 1.4 1.1 1.5
Outward to CEECs 11.0 28.0 30.1 36.8
in % of Austrian GDP
Inward from Germany 2.7 3.8 8.1 8.4
Outward to Germany 0.7 1.1 2.7 3.5
Inward from CEECs 0.1 0.1 0.2 0.3
Outward to CEECs 0.3 1.5 43 8.1
Total FDI (mill. EUR)
Total outward FDI (mill. EUR) 3,683 8,674 26,674 44,308
Total outward FDI (in % of GDP) 3,0 505 1402 21,9
Total inward FDI (mill. EUR) 8,513 14,458 32,704 42,632
Total inward FDI (in % of GDP) 7,0 9,2 17,4 21,1

Source: OeNB.

Monetary policy: the de facto peg of the Austrian Schilling to the German Mark

Germany traditionally played an "anchor role" for the implementation of economic policy
in  Austria. The most prominent examples were the hard-currency approach
("Hartwahrungspolitik") and the orientation of the Austrian monetary policy towards
Germany. The hard-currency approached evolved during the mid and the second half of the
seventies. It aimed at stabilizing the exchange rate of the Schilling to the German Mark. The
purpose was to fight inflationary pressures caused by the first oil price shock and to enforce
structural changes by putting pressure on profit margins.



3. Comovement between Germany and Austria

A global phenomenon of business cycles over the last decades is their decrease in
volatility. According to Stock and Watson (2003a) output fluctuations in developed countries
declined on average by one third over the past 30 years. More than half of the decline in
volatility is due to smaller global macroeconomic shocks and therefore potentially only of a
temporary nature.® A second striking feature of the development of business cycles is that the
degree of comovement among developed economies evolved remarkable stable over the past
decades.” Given smaller international shocks, it is surprising that the correlation of output
fluctuations is not decreasing. This indicates that the strength of the transmission mechanism
of shocks has become stronger in the course of globalization.®

In this section we analyse the comovement between the Austrian and the German
economy and its change over time in the period 1972Q1 to 2005Q3. We employ a variety of
different measures, which we compute for two subsamples (1972Q1 to 1989Q4 and 1990Q1
to 2005Q3) as well as for ten-year rolling windows. The break point between the two
subsamples can be justified by the historical event of the fall of the iron curtain.

A visual inspection of annual GDP growth rates for the period 1972Q1 to 2005Q3 for
Germany, Austria and the US — which are used as a proxy for the international environment
throughout the paper — shows some comovement of all three series (see figure 3). The
comovement was strongest at the beginning of the first subsample - which starts right after the
breakdown of the Bretton Woods system - when all three economies were hit by common
global shocks. It includes the first and second oil price shock in 1974 and 1979 and the global
recession at the beginning of the eighties. In Austria the first subsample was characterized by
the adoption of a hard currency policy coupled with Keynesian deficit spending
("Austrokeynesianismus"). At the beginning of the second subsample the economic effects of
German reunification caused major discrepancies in the growth pattern of Germany and
Austria on the one and the US on the other side. From 1992 onwards, the US economy clearly
outperformed Germany and Austria. Finally, the global recession in 2001 marks the beginning
of a period of weak growth in all three countries that lasted longest in Germany.

% See also Dalsgaard, Elmeskov and Park (2002), Monfort et al. (2003) and Helbling and Bayoumi (2003).

7 See also Helbling and Bayoumi (2003), Kose (2004), Kose, Prasad, and Terrones (2003, 2004), Bordo and Helbling
(2003), Heathcote and Perri (2003), Stock and Watson (2003a, 2003b)).

% See Kose (2004) for a compact review of the literature.



Figure 3: GDP growth in the US, Germany and Austria (changes to previous year in %)
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Source: Statistik Austria, Bureau of Economic Analysis, Eurostat.

Measures of comovement

We use six different measures of bivariate comovement between Austrian, German and
US GDP growth rates. Our first measure is the static contemporaneous correlation coefficient.
Besides the strength of the contemporaneous comovement, we are interested in the lead/lag
relationship between the two economies. Therefore we look at the maximum correlation at
different leads and lags (measure two). This gives us a first hint of the relative position of the
series in time.

The static correlation measures in the time domain can be supported by frequency domain
analysis. With the help of spectral analysis, we are able to describe the comovement of two
variables for different frequencies. Our main interest lays in business cycle frequencies (n/16
to m /4, i.e. frequencies with duration between 6 and 32 quarters). We look at the dynamic
correlation (measure three), which describes the strength of the comovement at certain
frequencies disregarding their relative position in time. The delay (measure four) tells us by
how many periods one series leads or lags the other series. The details of these spectral
measures can be found in appendix A.

Next we address the question whether one GDP series is helpful for forecasting another
GDP series. Therefore we conduct simple Granger causality tests as presented by Hamilton
(1994) for one lag. The null hypothesis is that y does not Granger-cause x. We present the p-
value of the Granger causality test (measure five). A p-value smaller than the critical value
implies that y does Granger-cause x.

Finally we report the concordance index (measure six) proposed by Harding and Pagan
(2002). It describes the fraction of time in which two economies are in the same phase of their
business cycles. It uses a binary variable s, (s, that takes the value 1 if x (y) is in an
expansion phase (defined as the time between trough and peak) and O otherwise. The
concordance index cy, is defined as:



1 T
Co = ?Z[Sx,zsy,z +(1- Sri - Sy,f)} ’
i=1

¢y equals 1 if x and y are always in the same phase of their business cycle and 0 if they
are always in opposite phases. If ¢,, equals 0.5 then the two series do not show a systematic
comovement of their business cycles. In order to compute this measure, we need to identify
business cycle turning points. We use the growth cycle turning points published by the
Economic Cycle Research Institute (ECRI, 2006; see table A-1).

Results

Figure 4 presents five of the six different measures of bivariate comovement between
Austria and its main trading partner Germany. Each measure is computed for 10-years rolling
windows. The years refer to the centre of the rolling windows.

Our first main finding is that the Austrian economy exhibits a strong and stable
comovement with Germany as measured by the static correlation coefficient. After strong
comovement in the 1970s driven by the oil price shocks the comovement weakened somewhat
in the 80s and became stronger from the beginning of the 90s onwards. The dynamic
correlation coefficient (which measures the strength of the comovement disregarding the
relative position of the two series) for business cycle frequencies shows a very similar
development’.

What has changed is the relative position of the two economies in time. Whilst the
Austrian economy was lagging behind the German economy until the mid of the 80s, the
Austrian business cycle is now leading the German one. According to the average delay at
business cycle frequencies, Austrian GDP was lagging behind German GDP by 1 quarter in
the 70s and is now leading by the same amount of time. Overall, the relative cyclical position
of Austrian GDP relative to Germany has moved by 2 quarters. Looking at the two
subsamples, we see an average lag of 0.75 quarters for the period 1972-1989 and an average
lead of 0.63 quarters for the period 1990-2005 (see table 2).

9 o .
Note that these two measures coincide for phases where the two economies move contemporaneously.



Figure 4: Comovement between German and Austrian GDP growth rates between 1972
and 2005 (40 quarters rolling windows, centred *
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a) The years refer to the centre of the 10-year window.
Source: The author's own calculations.

However, this result does not justify the conclusion that Austria's business cycle has
become decoupled from its German counterpart. One reason for Austria's increasing lead may
be the dramatic increase in the significance of the automotive supply industry as an upstream
stage of production. Looking at maximum correlations at different leads/lags, we get a similar
— albeit less precise — result.The two GDP series moved contemporaneously in the period
1972-1989. From 1990 to 2005, the maximum correlation is found at a lead of the Austrian
economy of one quarter. The results from the Granger causality test confirm our hitherto
results. Whilst German GDP had predictive power for Austrian GDP until the beginning of
the 80s, the change in the relative position in time has caused the Granger causality to vanish.
On the other hand, Austrian GDP does Granger-cause German GDP in the second subsample
but not in the first one. The concordance index shows that the two series are in the same phase
of their business cycle for 73% of the periods.



Table 2: Comovement between the Austrian and the German economy between 1972 and
2005 (annual growth rates of real GDP)

Static correlation Dynamic Delay * Granger causality Concorda
correlation ? nce ¥
Contemp. Maximum" (quarters)  AT->GE GE>AT
1972-2005 0.62 0.62 0) 0.68 -0.43 0.25 0.00 0.73
1972-1989 0.60 0.60 0) 0.66 -0.75 0.82 0.01 0.75
1990-2005 0.72 0.75 () 0.76 0.63 0.00 0.80 0.70
1) Numbers in brackets refer to lead (+) resp. lag (-1) (both in quarters) of Austria relative to Germany, at
which the maximum correlation can be obtained
2) At business cycle frequencies (i.e. 6 to 32 quarters)
3) +(-): Austria leads (lags) Germany
4) first column: HO: Austria does not Granger-cause Germany
second column: HO: Germany does not Granger-cause Austria
5) Defined as fraction of time that both economies are in the same phase of their business cycles (available

until Dec. 2004)
Source: The author's own calculations.

Summing up these results, we find a strong and stable comovement between Austria and
Germany. The relative position in time has changed, with the Austrian business cycle now
leading the German one.

4. Transmission of German shocks to Austria

The transmission of German shocks to Austria and its change over time is analysed in a
two-country VAR model including Germany and Austria. The identification of the shocks and
the analysis of their transmission to other countries follow Canova (2005) and is done in two
steps.' First the German block of the VAR is estimated and three different German shocks
(demand, supply and monetary policy) are identified. Second, the impact of these shocks on
the Austrian economy is determined. While the identification of the German shocks is done
for the whole sample from 1972Q1 to 2005Q3, the transmission of these shocks is analysed
separately for two subsamples (1972Q1-1989Q4, 1990Q1-2005Q3) to highlight possible
changes in the transmission mechanism over time. Since the number of observations at hand
for each sub sample is limited, we decided not to include third countries or regions in the
VAR as endogenous variables thereby assuming that any feedbacks between Germany and
Austria that work via third countries are negligible. Moreover, given the fact that the German
economy is about ten times as large as the Austrian economy, we assume that no transmission
from Austria to Germany takes place.

The VAR model

The VAR model consists of three endogenous variables in each country block: real GDP
as a measure of real activity, the CPI as a measure of inflation, and short term interest rates
(three month money market rate) as a proxy for monetary policy. Additionally, two
exogenous variables enter the VAR: US GDP and the HWWA index of raw material prices as
proxies for the international environment. Since the focus of the paper is on short-term effects
of German idiosyncratic shocks on GDP growth in Austria we opted to use only stationary
variables in the VAR. The possible loss of information concerning long run relations by not
using levels in the VAR is more than offset by the reduced risk of spurious regressions. Since
statistical tests indicate that price indices are I(2) and real GDP and short term nominal

10 See also similar studies by Faust (1998), Uhlig (2005), Peersman (2005) and Canova and de Nicol6 (2003).



interest rates are I(1), we decided to use second differences of price indices and first
differences of real GDP and short term nominal interest rates. Given the exogeneity of the
German block with respect to the Austrian variables, the corresponding reduced form two-
country model is given by:

x4 (L) AL | x5 | Bu@ - g o
xf* 0 A, |x%| |B(D] " [
where (g,AT et )~ (0,%), T = blockdiag(E ,,% ). x;' represents the set of Austrian

variables, x”°

" the set of German variables and y, the world variables. The underlying

structural model is given by:

Ci Co | 5" | _1Gi(D) Gu(Dy x| JH(D)) o
0 Cyplly™ 0 Gy (L) | x H, (L) u”

t-1 t

where (uff,uff)'N(o, ) and ufE is the vector of German structural disturbances.

According to the Akaike information criteria, a lag length of one was selected.

Identification scheme

We use the identification scheme of Canova (2005) to derive structural shocks from the
VAR innovations. The basic idea behind that approach is to use sign restrictions on the cross-
correlation of the impulse responses to identify economically interpretable shocks. Instead of
imposing restrictions on the contemporaneous relations between the innovations, we
systematically search among a large number of admissible decompositions of the VAR
innovations and choose these decompositions which are in line with our restrictions on the
impulse responses''.

To be more specific, we start with the VAR innovations ¢’ ~ (0,X ). To identify

uncorrelated structural shocks from the correlated innovations, we begin by orthogonalizing
the variance covariance matrix of the innovations of the German VAR (Z.« ) by means of
static principal components. Using a standard eigenvalue-eigenvector decomposition gives
.« =VDV"', where V is the matrix of eigenvectors and D a diagonal matrix of eigenvalues.
Setting P=VD"? we can rewrite %.. = Pp' and transform the German block of the VAR in
equation (1) to

= Compared to alternative identification schemes (Cholesky decomposition, short run restrictions (Sims, 1980), long-
rung restrictions (Blanchard and Quah, 1989) and the generalised impulse response function (Pesaran and Shin,
1998) the one proposed by Canova (2005) has two main advantages. First, the statistical problem of
orthogonalization is strictly separated from identification, which helps to make all assumptions needed for
identification very explicit. Second, no zero restrictions on either the short-run or the long-run impulse responses
are needed. These are often inconsistent with a large class of theoretical models (Canova and Pifia, 2001).

10



~GE ~GE ~ | ~GE
X, = A (L)X + By, +&,7, 3)
where ¥ = P'x*, 3, =Py, £ =P, £ ~(0,1).

This transformation guarantees that the transformed residuals are orthonormal. However,
the orthogonalization is by no means unique. To see this, notice that for any orthonormal
matrix Q:00'=1,%.¢ =PP'=PQQ'P' is an admissible decomposition. Thus, we can
construct a set of admissible decompositions by using different orthonormal matrices Q.
Within the class of orthonormal matrices, rotation matrices are a reasonable candidate to
consider. They allow us to cover the whole space of Q matrices in a straightforward way.
Rotation matrices use sine and cosine functions to rotate the orthogonalized residuals. In a
VAR system with N variables there are N(N-1)/2 rotation axes. The German block of the
VAR has three endogenous variables which gives us three rotation axesd,,i=12,3. The

alternative O matrices thus take the form

cos(6,) —sin(6) 0)(cos(@,) 0 —sin(b,))(1 0 0
0(6,,0,6,)=| sin(6,) cos(d) 0 0 1 0 0 cos(6,) -sin(é,)
0 0 1){sin(6,) 0 cos(8,) )\O sin(6;) cos(6,) (4)

One can easily verify that QQ'=1 holds for any value of 8, € (0,2r),i =1,2,3. Thus there

is an infinite number of candidates for the decomposition. To transform this problem into a
finite one we vary the rotation angels on a grid. We choose a grid size of 15 which results in
15°=3375 admissible decompositions.

Identification restrictions

The next step is to identify decompositions with a meaningful economic interpretation.
Following Canova (2005) we rotate the orthogonalized disturbances and impose sign
restrictions on the cross-correlation of the impulse responses. These sign restrictions are
derived from economic theory.

We aim to identify three structural shocks - a demand shock, a supply shock and a
monetary policy shock. Standard macroeconomic theory provides us with results for the signs
of the theoretical co-movement of the three variables of the German VAR in response to the
three structural shocks. A positive demand shock will generate a positive response of output
and a rise in inflation. Monetary authorities will increase interest rates thereby generating a
positive co-movement between all three variables. Contrary, a positive supply shock will
increase output but decrease prices. The decreasing price pressure will lead to a loosening of
monetary policy. Therefore, the co-movement between output and inflation on the one hand
and output and interest rates on the other hand will be negative while the one between
inflation and interest rates will be positive'”. Finally, a positive monetary policy shock is
associated with lower short-term interest rates. The expansionary impulse will cause output
and inflation to increase simultaneously while the co-movement between short term interest
rates and output, and short term interest rates and inflation is negative. Thus, the three
structural shocks are characterized by co-movements between output, inflation and short term
interest rates with different signs. These sign restrictions can be derived from a large set of

"2 Farrant and Peersman (2006) emphasize that in case of a supply shock the effect on interest rates remains
theoretically ambiguous. However, dropping the sign restriction on the comovement between GDP and interest
rates on the one hand and inflation and interest rates on the other hand did not change our empirical results.
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theoretical models. They are consistent with the standard textbook aggregate-demand
aggregate-supply framework as well as with more advanced models like DSGE models in the
line of Smets and Wouters (2003).

Table 3: Identification scheme for German shocks

Sign of co-movement of variables after a structural shock
Structural shocks

GDP - Inflation GDP-Interest rates Inflation — Interest rates
Demand Positive Positive Positive
Supply Negative Negative Positive
Monetary policy Positive Negative Negative

Source: Canova (2005).

For each of the 3375 decompositions, we check whether the impulse responses match the
theoretical restrictions outlined in table 3. To this end we calculate the cross correlation of the
impulse response functions for all three pair of variables for all shocks with the moving
average representation ¥ = C(L)g " with C(L)= {c” (L)}: (I-A,(L)L)™.

Then the pairwise cross correlation conditional on the orthogonalized shock £ is given by

_ ~ = E o (C'(L)E)C/(L+r)E),)
Py (r) = corr(x,,x ., | €,) \/(Ci (L)Ek)2 (C(L+1)E, ) ’

where r denotes the horizon of the response. We drop all decompositions where the
contemporaneous impulse responses (r=0) are inconsistent with at least one of the sign
restrictions. If the identification is not unique, we increase » until we find either a unique or no
valid decomposition. In the first case we are done. In the second case, we use some more
informal identification criteria to choose among the valid rotations at horizon r-/. We check
the plausibility of the size and the shape of the impulse responses and look whether the
resulting three orthogonal German shock series look plausible and capture the main historical
facts of the German economy in the period under investigation.

Characterisation of German structural shocks

For the identification of German structural shocks we found r< 2 (two quarters) to be
optimal. The shock series (see figure A-2 in the appendix) look reasonable and seem to
capture the main historical episodes of the German economy since 1972. To characterize the
relative importance of individual shocks we use the forecast error variance decomposition
(FEVD). According to the FEVD demand shocks play a dominant role in explaining German
GDP fluctuations. 50% of the 1 quarter ahead forecast error variance in GDP and 54% at a
forecast horizon of 20 quarters are explained by demand shocks (see table 4). At short
forecast horizons, the supply shock is equally important but its importance diminishes from
50% (one quarter) to 38% (20 quarters). Monetary policy shocks account for an almost
negligible part (less than 10%) of output variations, which is consistent with other empirical
findings (Christiano, Eichenbaum and Evans, 1999)". Similarly, the role of monetary policy
shocks in explaining variations in inflation is almost negligible. Only 4% of the variations in
inflation are due to monetary policy shocks while supply shocks account for almost 2/3 and
demand shocks for 1/3. On the other hand monetary policy shocks account for most of the
short-run variance of interest rates (76%). However, this share declines with the forecast

" The fact that monetary policy shocks account only for a negligible part of output and inflation fluctuations does not
imply that monetary policy itself has no effect. The systematic component of monetary policy may still have a
significant effect on output and prices.
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horizon to about 30%. In the long-run, the bulk of interest rate variance is explained by the
demand shock (see Evans and Marshall (1998) for a similar finding). The role of supply
shocks in explaining interest rate fluctuations remains very limited at all forecast horizons
(see also figure A-3 and A-4).

Table 4: Forecast error variance decomposition of German variables (FEVD)

GDP Inflation Short-term interest rate

1% quarter ~ 20™ quarter 1% quarter 20" quarter 1% quarter 20" quarter

Demand shock 50 54 28 33 19 64
Supply shock 50 38 67 63 5 7
Monetary policy shock 0 8 4 4 76 30

Source: The author's own calculations.

Transmission of German structural shocks to Austria: results

The analysis of the transmission of structural German shocks to the Austrian economy
allows us to answer two sets of interesting questions. First, how strong does the Austrian
economy react to German shocks? Second, did the strength of the transmission mechanism
change over time? To keep track of possible changes over time we split the sample in two
subsamples (1972Q1-1989Q4, 1990Q1-2005Q3) and estimate the Austrian part of the VAR
model separately for the two subsamples. In the second subsample, only GDP and CPI enter
the Austrian block of the VAR.

Figure 5: Mean impulse responses for German and Austrian GDP to German structural
shocks (deviations from growth rates, shock size equals one standard deviation)
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Due to the de facto exchange rate peg short term interest rates in both countries moved
hand in hand rendering a separate identification of both interest rate variables in the VAR
impossible. In order to analyse the strength of the propagation mechanism and possible
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changes over time, we calculate the responses of German and Austrian GDP to each of the
three identified German shocks (see figure 5 and A-5)".

To ease the interpretation we normalize the shocks in a way that the cumulated average
response of German GDP equals one after five years. We see remarkable differences in the
transmission for the different shocks. German demand shocks — one of the main sources of
output volatility in Germany — have the smallest impact on the Austrian economy. A German
demand shock that increases German GDP by 1% causes output in Austria to increase by
0.28% (see table 5). The stronger transmission of supply shocks (36%) looks reasonable given
the fact that Austrian wage policy followed German developments very closely in the past. A
German monetary policy shock has an almost equally strong output effect in Austria as in
Germany itself (83%). Given the de facto peg of the Austrian Schilling to the German mark
and the introduction of the single currency in 1999 this result is not surprising.

Table 5: Transmission of idiosyncratic German shocks to Austria ®

Supply Demand Monetary Average

1972-1989 0.37 0.36 0.77 0.46
1990-2005 0.35 0.21 0.89 0.42
1972-2005 0.36 0.28 0.83 0.44
1990-2005/1972-1989 0.95 0.58 1.16 091

a) Cumulated response of Austrian GDP after 20 quarters relative to the German GDP
response; same shock size for both subsamples; shocks are rescaled so that the
cumulated average response of German GDP after 5 years equals one.

Source: The author's own calculations.

Differences in the strength of the propagation between the three structural shocks became
more pronounced over time (see table 5). The strength of the transmission declined
substantially for the demand shock (from 36% to 21%), but remained almost constant for the
supply shock (from 37% to 35%). The transmission of monetary policy shocks (89%) is now
somewhat stronger than in the first period (77%). This may be due to the increased monetary
integration of the two economies. The weaker transmission of demand shocks is probably
caused by a stronger diversification of Austrian trade patterns in the course of globalization
and the rapidly growing trade flows with central and eastern European countries.
Furthermore, the “nature” of German fiscal (demand) shocks may have changed because of
German reunification. Austria’s economy probably benefited less from the large fiscal
transfers to Eastern Germany than from the fiscal stimuli in the pre-reunification period".

The average response of Austrian GDP to the three identified German shocks'®, defined as
the arithmetic mean over the three shocks, is relatively strong and stable over the two
subsamples. The reaction of Austrian GDP to an average German shock that increases
German GDP by 1% after five years declined from 0.46% in the first subsample to 0.42% in
the second (see figure 6). Differences in the transmission between the two subsamples are
strongest in the short run (after two quarters cumulated output effects in Austria are 50%
higher in the first subsample) but these differences are fading out in the long run (less than
10% after 20 quarters).

' The size of the shocks is set equal to one standard deviation of the respective shock series.

'> The results are robust with respect to the starting point of the second subsample. Only the observed drop in the
strength of the transmission of German demand shocks is less pronounced if we split the subsamples later. This
confirms our conjecture that the weaker impact of German demand shocks in the second subsample is due to
changes in the nature of German fiscal policy shocks in the wake of German unification.

' The size of the shocks is set equal to one standard deviation of the respective shock series.
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Figure 6: Average response of German and Austrian GDP to structural German shocks
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In the above calculations, we assumed that the size of German shocks is the same for both
subsamples, neglecting the fact that the standard deviation of German shocks declined
significantly by 34% on average. Considering this decrease in volatility, the total impact of
German shocks on Austria shows a marked decrease over time by 39% (table 6)".

Table 6: Total impact of German domestic shocks on the Austrian economy

Supply Demand Monetary Average
Standard deviation of Germans shocks 1990-2005 relative to 1972-1989
0.89 0.70 0.45 0.66
Strength of transmission 1990-2005 relative to 1972-1989 %
0.95 0.58 1.16 0.91
Total impact of German shocks 1990-2005 relative to 1972-1989
0.84 0.41 0.52 0.61

a) Cumulated response of Austrian GDP after 20 quarters relative to the German GDP response, same shock size
for both subsamples
Source: The author's own calculations.

5. Summary

In this paper, we have analyzed the impact of short-term economic developments in
Germany on the Austrian economy. We have focused on the synchronisation of output growth
and on the transmission of German shocks to Austria.

Concerning the synchronisation of GDP growth rates, we find — similar to findings for
other industrialized countries — no major changes over time. The Austrian economy shows a
strong comovement with Germany, which is stable over time. What has changed is the
relative position of the two economies in time. Whilst Austrian GDP growth was lagging
behind German GDP growth by 1 quarter at the beginning of the 70s, it is now leading by the
same amount of time.

We find a strong transmission of idiosyncratic German shocks (demand, supply, and
monetary policy) to Austria. On average over all three shocks, a shock that increases German
GDP by 1% after five years increases Austrian GDP by 0.44%. There are remarkable

17 Nevertheless, the relative importance of Germany seems to be rather stable. According to Fenz and Schneider
(2006) the relative role of international shocks as indicated by a forecast error variance decomposition increased at
the expense of domestic shocks while the relative importance of German fluctuations remained almost unchanged.
Both, international and German shocks, account for more than one fourth of output fluctuations in Austria, while
the role of domestic shocks has declined to less than one half.
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differences between the shocks. We find the transmission to be strongest for the monetary
policy shock (83%) and much weaker for the supply (36%) and the demand shock (28%). The
strength of the transmission mechanism between Germany and Austria has decreased only
slightly over time from 46% in the period 1972-89 to 42% in the period 1990-2005. The
finding of an almost unchanged transmission does not imply that the overall effect of German
shocks on output fluctuations in Austria did not change. Since the volatility of German shocks
— following a global trend — declined significantly, the overall impact of German shocks on
Austria declined by 39% from the period 1972-1989 to 1990-2005.

Summarizing our results, we find remarkable stable economic links between Austria and
Germany. Neither the degree of synchronisation nor the strength of the bilateral shock
transmission changed significantly over the past decades.
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Appendix A: Bivariate spectral analysis

Bivariate spectral analysis allows us to describe the relation between two time series by
decomposing their covariances into components for different frequencies. Therefore we
consider the multivariate spectrum £ (@), which can be obtained by a Fourier

transformation of the autocovariance matrix of the time series. The diagonal elements of
F, ., (@) are the spectra of the time series (f«(@), f,(®), whilst the off-diagonal elements
capture the cross-spectrum (f;,(@)). Since the cross-spectrum is in general a complex number,
we can decompose it into a real and an imaginary part

]icy (a)) = ny (a)) - iqu(a)) 3

where the real part ¢ (@) is the co-spectrum and the imaginary part g (@) is the

f\_y(a))|/,/ f.(@)f,(w) 18 the frequency domain

analogue to the static correlation coefficient. It describes the correlation between the two
series at frequency @. However, it gives us no information about their relative position in
time, i.e. shifting one series in time does not affect the coherency. The
phaseg (w)=tan™ (—qu(a;) /e, (a;)) measures the phase shift between the two series in radians.

quadrature spectrum. The coherency C, (w)=

If the phase is > 0 then x, leads y, at frequency @. The time delay —¢p_(w)/w transforms this

information and tells us by how much periods series x, leads/lags y,. In addition to these

well-known measures, Croux, Forni and Reichlin (2001) have proposed the dynamic
correlation coefficient

¢, (@)

Pl = o @

which measures the contemporaneous correlation between the two series at frequency @ .
Note that the dynamic correlation coefficient equals the static correlation coefficient when the
two series move contemporaneously.
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Appendix B: Tables and Figures

Table A-1: ECRI growth cycles turning point dates

Germany Austria
Mar 66 P
Mar 67 T Jan 68 T
Jan 69 P Jan 71 P
Sep 71 T Dec 71 T
Jan 73 P Dec 72 P
Dec 74 T May 75 T
Apr 76 P Nov 76 P
Jul 77 T Feb 78 T
May 79 P Dec 79 P
Oct 82 T Jan 82 T
Apr 86 P Dec 84 P
Jan 87 T Mar 87 T
Jan 91 P Feb 90 P
Jan 93 T Mar 93 T
Dec 94 P Nov %4 P
Jan 97 T Mar 96 T
Mar 98 P May 98 P
Feb 99 T Feb 99 T
May 00 P Jul 99 P
Mar 02 T Dec 01 T
Sep 02 P Jan 03 P
Mar 03 T Dec 03 T
Jun 04 P Aug 04 P

Note: T: Trough, P: Peak
Source: Economic Cycle Research Institute.
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Figure A-1: Variables used in the two-country VAR-model (transformed and

standardized)
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Figure A-4: Mean impulse responses for German variables to German structural shocks
(deviations from growth rates, two standard errors confidence bands)"

GEGDP to supply-shock GEGDP to demand-shock GEGDP to monetary-shock
T

Figure A-5: Mean impulse responses for Austrian GDP growth to German structural shocks
1972-1989 and 1990-2005 (deviations from growth rates, confidence bands w.r.t
two standard errors for VAR-coefficients)'®

ATGDP to supply-shock 1972-1989 ATGDP to demand-shock 1972-1989 ATGDP to monetary-shock 1972-1989

'8 Confidence bands have been constructed using Monte Carlo sampling for the VAR coefficients (two standard
erTors).
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