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1 Introduction 

The European Central Bank (ECB) has already moved interest rates several times since it 

started to operate in January 1999 and yet we don't know what the magnitude and timing of 

the effects of its actions actually are. What are the effects on prices and output of a change 

in the common short-term interest ra.te? How long do these effects take to materialize? Are 

there differences in the impact across European countries and regions? Are these differences 

changing over time? Most of these questions have already been asked in the literature. 

However, the answers provided so far are not entirely satisfactory. 

Monticelli and Tristani (1999). for instance, suggest to start considering the European 

Monetary Union (EMU) as a composite economic system rather than a collection of coun­

tries. They analyze the impact of monetary policy on what is called the 'EMU-wide economic 

system' by estimating a. structural VAR with a. GDP-based weighted average of individual 

time series of member countries.l If the transmission mechanism is similar across European 

countries, this approach provides a measure of the European-wide effects of monetary policy 

which is as good as those obtained with alternative estimation methods. But if the trans­

mission mechanism does differ across countries, i.e., if there are cross country differences 

in the effects of monetary policy, this approach is not correct. In this case, as shown by 

Pesa.ran and Smith (1995) for standard dynamic panel data models and discussed by Re­
bucci (2000) for panel V AR specifications, aggregation of individual time series may bias 

the estimates obtained, and the European-wide impact of monetary policy must be mea­

sured either aggregating individual time series estimates or using other methods that allow 

for explicit variation of the parameters across countries. Before attempting to measure the 

system-wide effects of a 'synthetic' common monetary policy, therefore, one should try to 

establish whether or not there are differences across countries in the transmission mechanism 

of monetary policy. 

The current consensus view is that, indeed., there are differences across European coun­

lA similar approach is followed by Pcersman and Smets (2001) in studying whether monetary policy has 
asymmetric effects across business cycle states in European countries, and by Ortega and Alberola (2000) in 
analyzing the impact on the Euro--area of different kinds of shocks. 
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tries in the transmission mechanism of monetary policy. Differences that are likely to decrease 

over time as real, and especially financial, convergence proceeds. 

The existence of some degree of heterogeneity in the transmission mechanism of European 

monetary policy is supported by a large, albeit sometimes contradicting, body of empiricaJ 

evidence.2 Gerlach and Smets (1995), for example, find very different results depending on 

the type of experiment they run. In their study, the effects on GDP of a one period, one 

standard deviation shock to short-term interest rates are broadly similar across Germany, 

France, and Italy. However, when they simulate a 100 basis points increase in interest rates 

sustained for two-years, they find that German GDP falls almost twice as much as that of 

France and Italy. On the other hand, Ramaswamy and Sloek (1997) find that the effects on 

GDP of a one period, one standard deviation shock to short-term interest rates in Germany, 

the U. K., Finland, the Netherlands, Austria, and Belgium take almost twice as long to occur, 

but are almost twice as deep as in Denmark, France, Italy, Portugal, Spain and Sweden. 

Furthermore, Dornbusch, Favero, and Giavazzi (1998) find evidence suggesting that the long 

run effects on output growth of the predicted component of monetary policy in Germany, 

France, Italy, Spain, the U.K., and Sweden are quantitatively sizable and heterogeneous, 

while the impact effects are relatively more homogenous across these countries. Indeed, 

standard macroeconomic theory predicts that monetary policy is neutral in the long run, and 

hence its effects should be rather homogenous across countries over this time horizon, while 

they could be very different in the short run. As noted by Dornbusch and others (1998), there 

is also a difference between the results based on large econometric models and those based on 

small econometric models, whereas small (V AR-ty pe) econometric models do not seem to be 

able to detect statistically significant cross-country differences in the monetary transmission 

mechanism, contrary to the evidence coming from large country-specific econometric models. 

There are several methodological reasons why different studies might have come to very 

different conclusions. AB noted by Guiso and others (2000), the specification of the econo­

metric model sometime differs across countries. It is difficult therefore to establish the extent 

to which different outcomes reflect true differences in transmission mechanism of monetary 

2See Guiso and others, 2000, among others, for a survey of this literature. 
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policy or more simply different econometric specifications. Second, most studies compare 

the economy's response to identified monetary policy shocks neglecting completely interde­

pendence between countries. This can obviously provides only a partial description of the 

transmission mechanism of monetary policy in open economies of a relatively well integrated 

region. In addition, it may seriously distort the identification of country specific monetary 

policy shocks. As noted by Dornbusch and others (1998), omitting the contemporaneous 

effect of German interest rates in the reaction function of other European central banks may 

erroneously lead to identify as local monetary shock what in fact is an endogenous response 

to a German monetary shock. Third, as noted again by Guiso and others (2000) , the kind of 

experiment usually run is not informative on what is likely to happen under EMU: only some 

of these studies control for intra-Europe exchange rate movements which have disappeared 

under EMU, very few control for heterogeneous preferences over inflation and output stabi­

lization objectives in central banks' preferences also disappeared under EMU, and basically 

none does both these two things at the same time. All this literature, finally, is potentially 

subject to the Lucas' critique as it attempts to draw inference relevant for EMU based on 

econometric models estimated under a different regime--the fixed, but adjustable, exchange 

rate regime (ERM) of the European Monetary System (EMS) in place until December 1998. 

At the same time, there is no hard evidence that these differences are decreasing over 

time. On the contrary, recent work by Cecchetti (1999) shows that they might persist for 

a long time because they are due to differences in the financial structure, which in turn are 

rooted in the legal framework of individual countries. If these differences were to persist 

for sometime, the ECB's life may become quite complicated as pointed out by Dornbusch 

and others (1998), explicitly modelled by Giovannetti and Marimon (1998) , and analyzed 

empirically by Hughes-Hallet and Piscitelli (1998 and 1999), among others. Therefore, it 

would be useful to have some idea not only on the magnitude of these differences, but also 

on their degree of persistence over time. 

We propose to overcome some of these difficulties by rephrasing some of the questions 

above in the framework of a dynamic heterogenous panel data model recently proposed by 

Canova and Ciccarelli (2000). This is a flexible empirical framework where, in addition 
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to interdependencies among individual units, the parameter of the transmission mechanism 

can change both across times and individual units. This framework therefore allows for 

the maximum degree of heterogeneity across countries and over time, and sets the stage 

for testing alternative homogeneity assumptions-including the extent to which parameters' 

heterogeneity across countries has changed over time. By allowing for contemporaneous and 

lagged interdependence between open and integrated economies allows for better identifica­

tion of monetary policy shocks and more realistic description of their transmission mecha­

nism, including their area-wide effects that can be recovered and measured in this framework 

regardless of the actual degree of heterogeneity present in the data. As far as we know, this 

is the first study of the European transmission mechanism of monetary policy which allows 

explicitly for parameters' variation over time. 

Obviously, such a framework cannot be estimated without introducing restrictions be­
cause of the very large number of parameters involved. Following Canova and Ciccarelli 

(2000), we address this issue by specifying the econometric model hierarchically (in a sense 

made clear below) in terms of few hyperparameters and taking a numerical Bayesian ap­

proach to estimation. We consider a small group of European countries (Germany, Italy, 

France, and Spain) and use monthly data from 1985 to 1998. These are the four largest 

economies currently part of EMU accounting for about 80% percent of the Eur�area GDP 

in the period 198�2000. The econometric specification is the same for all countries con­

sidered. We measure monetary policy by estimating an empirical model of the behavior of 

these countries' central banks, and then assess the impact of monetary policy on economic 

activity by estimating a system of dynamic output equations as done by Dornbusch and oth­

ers (1998) and Peersman and Smets (1998). Thus, we do not model nominal exchange rates 

and inflation rates. We control for both intra-Europe exchange rate movements and hetero­

geneity of central hanks' preferences along the line pursued by Sala (2001) and Clements 

and Kontolemis (2001), albeit in much simpler manner. 

Consistently with the consensus view in the literature, we show that there are cross­

country differences in the transmission mechanism of European monetary policy, both with 

regards to country specific and common monetary policy shocks. However, we show also that 
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these differences are a matter of timing rather than magnitude of their direct effects: the 

direct cwnulative impact of both country specific and common monetary shocks are rather 

homogenous after two years, especially when parameters' variation across time periods is 

allowed for. Differently from the consensus view in the literature, and consistently with 

what suggested by Cecchetti (1999) , we show that the transmission mechanism of monetary 

policy is changing over time in these European countries, but the degree of heterogeneity of 

these economies' response to monetary shocks is not decreasing. We finally provide evidence 

on the European·wide impact of monetary policy, showing that its effects take about six­

seven months to appear, peak after twelve months, and vanish within 24 months. 

The paper is organized as follows. The econometric framework used is presented in 

section 2. We report and discuss the estimated monetary policy shocks in section 3. The 

empirical evidence on the effects of these shocks on economic activity, and their degree of 

homogeneity across countries and stability over time, is discussed in section 4. Sections 5 

reports the results on the 'European-wide' impact of monetary policy. Section 6 concludes. 

Details of the estimation techniques and the data used are given in appendix. 

2 The econometrics 

Ideally, one would like to apply the empirical framework proposed by Canova and Ciccarelli 

(2000) to a small structural V AR for output, inflation, interest rates, and exchange rates, 

the set of variables usually considered in the literature. TWs is feasible in principle, 'but in 

practice is extremely demanding computationally while allowing for unconstrained interde­

pendence between countries and variation of parameters over time, given that the posterior 

distributions of the parameters of interest are integrated numerically in this framework.3 

Here, we follow the two stage approach used by Dornbusch and others (1998) and Peers­

man and Smets (1998), and do not model inflation and the exchange rate explicitly. In the 

3We shall discuss the estimati.on method used in more details below and in the appendix of the paper. 
Here, however, it is worth noting that substantive constraints could also arise from the interaction of iden­
tification and estimation issues as soon as one departs from an exactly identified, oompletely unrestricted 
V AR specification. See Zha (1999) for a discussion of this point. 
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first stage, a measure of monetary policy is extracted from the data by estimating a system of 

reaction functions (one for each central bank) allowing for simuitaneity and interdependence 

in short-term interest rates and parameters' variation across countries and time periods. In 

the second stage, the impact of monetary policy on economic activity is analyzed by esti­

mating a.system of dynamic output equations (again one for each country) allowing also for 

parameters' variation across countries and time periods, but no simultaneity. 

In the following two su�sections, we present the econometric model of the reaction 

functions and output equations, the third and the second block of the PV AR above, in turn. 

2.1 Measuring monetary policy 

2.1.1 Specification 

The behavior of the four European central banks considered is modelled as a system of 

reaction functions of the type discussed and estimated by Clarida, Gali and Gertler (1997). 

This system of reaction functions is modelled empirically by means of the following structural 

VAR: 

A, (L) R, � B, (L) W, + D, + U" (1) 

where Rt = {rf, ... ,rtl' is a (4 x 1) vector of monetary policy instruments, Wf = [wf , ... ,wtl' 

is a (4 x 1) vector of monetary policy final objectives, A, (L) and B, (L) are time-varying 

polynomial matrices in the lag operator L with lag length p, and Dt is a (4 x 1) vector of 

constants. Ut = {'Il.:, . . .  , 'Il.tJ' is a (4 xl) vector of monetary policy shocks assumed to be 

normally distributed with: 

EIU,I Z,_. I 
E IU,U: I Z,_, J 

EIU,U;J 

0, for all t and s � 0; 

I, for alltands�O; 

0, for all t # 8, 

where Zt contains lagged Rt. and contemporaneous and lagged Wt, E denotes the expectation 

operator, and I an identity matrix of conforming dimension. 

AB proxy for the monetary policy instrument we use short-term interest rates. Each 
element of the (4 x 1) vector of final objectives, Wit = {(7I"i,t - 11";), (Yi,t - y;), ( E;'t - e;), O'i,t]', 
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contains inflation (-11"), output (y) and the nominal exchange rate (e), in percent deviation 

from target (1r'", y*, e·, respectively), and a measure of the (unconditional) intra-month 

exchange rate volatility (0') to control for shocks to exchange rate risk premia. The actual 

dimension of We therefore is 16 x 1. Short-term interest rates are measured by the 3-month 

Treasury bill rates. Output is measured. by an industrial production index, while inflation 

is measured. by the annual change in the oonsurner price index. We use the bilateral rate 

vis-a-vis the deutche mark (DM) for France, Italy, and Spain; and the DMjUS dollar rate 

for Germany. Bilateral rates vis-a-vis the DM are obtained. as cross rates vis-a-vis the US 

dollar. The targets variables (11"*, y., and e*) are the fitted. values of a regression of the actual 

variables (1I"i,h Yi,h and t;:e) on a constant and a linear trend, a constant and a quadratic trend, 

and a simple constant, respectively.4 

As pointed out by Dornbusch and others (1998, footnote 13), tbis specification can be 

interpreted. as the reduced form of a forward-looking structural model where contempora­

neous and lagged. gaps are valid instruments for expected future gaps, or as a system of 

backward-looking reaction functions. Under the assumption that the central bank's supply 

of reserves is perfectly elastic, Ui,e can be interpreted as the random, or unexpected, com­

ponent of country specific monetary policy; and hence Ui,h the estimated. residual of (1), in 

principle, should be equivalent to monetary shocks obtained from standard structural V AR 

models. Shocks to money demand not fully accommodated by the central bank or exogenous 

shocks to exchange rate risk premia not fully captured. by the volatility variable included in 

the system, however, may invalidate this interpretation. (See Clarida and others, 1997, for 

a discussion of this issue.) 

The specification chosen imposes very few a-priori restrictions on the system of reaction 

functions. First, the model allows for contemporaneous and lagged interdependence among 

short term interest rates of different countries. Second, given that the degree of each mem­

ber's commitment to ERM has varied over time, we leave Bt (LP) unrestricted and let the 

data reveal which objective was actually relevant in every particular time period. Similarly, 

4See the data appendix for details on the sources of the data used and the transformations made, including 
the definition of u. 
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At (LP) is unrestricted for all p i: O. All parameters of the model except those governing 

the contemporaneous causation among short-term interest rates can thus vary over time, 

allowing for the possibility of change in central banks' behavior over the sample period 

considered.s However, we do impose an arbitrary lag length restriction assuming that p = 1 

for all countries and variables considered; thus, assuming that one lag is enough to obtain 

white noise residuals once we have allowed for contemporaneous and lagged interdependence 

between countries. 

2.1.2 Identification 

The identification of (1) exploits the Bundesbank's leading role under ERM and the fact that 

other European countries considered have comparable size. More specifically, to identify the 

model we place the German short term interest rate firs.t in the vector Re, assuming that 

it affects other European interest rates contemporaneously without being affected. by them, 

and then assume that the impact on country l of an increase in interest rates in country i is 

the same as the impact on country i of an increase in country l for i, I = 2,3,4. 

Formally, the leader-follower behavior characterizing ERM is transla.ted into the following 

block recursive structure for A (0), the coefficient matrix of LO in At (L): 

A ( )  [ All (0) 0' 
1 o = A,dO) An (0) 

(2) 

where Au (0) is a scalar, A21 (0) is 3 x l,and A22 (0) is 3 x 3. This gives us three restrictions. 

The remaining three restrictions needed to identify the model a.re obtained by imposing that 

A22 (0) is symmetric. These six restrictions identify the model exactly regardless of the order 

of the non-German interest rates in Rt} 
The structural V AR model (1), therefore, can be rewritten as: 

[ All (0) 0' 1 ( Rf) [ All (L) A;, (L) 1 (Rf
-.) A21 (0) A" (0) Ri = Au (L) An (L) , Ri-• 

.5 Assuming that the coefficient matrix of £0 in A(L) is constant over time renders the posterior distribu­
tions analytically tractable and is equivalent to assume homoschedaticity of the structural residuals. 

6See Amisano and Giannini (1997, p. 166-67). 
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+ [ BIl(L) B12(L)' 1 ( Wi ) +D + (Uf) 
B21(L) B,.,(L) • w;' • Uf (3) 

where R! 1 Wt1 , and Ul are the German monetary policy instrument, objectives, and shock, 

respectively; while R'f, W;, and Ul are the vectors containing the same variables for France, 

Italy, and Spaln. 

2.1.3 Estimation 

Bayesian estimation of (3) exploits its block recursive structure. 

Following Zha (1999), let k; and Gj be the total number of right-band-side variables per 

equation and the total number of equations in block j of (3), respectively, whereas the same 

set of variables enter the equations of each block j. If we pre-multiply (3) by the (4 x 4) 

matrix 
.- 1 (0) = [ AliI (0) 0' 

1 "d 0 A,,' (0) , 

and rearrange terms, the model can divided in two blocks and written as: 

j = 1, 2, for all t. (4) 

Here, Z! = diag {Zt.tl Z4,tl .. " zbj,t] denotes a (GixkjGj) diagonal matrix whose elements are 

the (1 x kj) vectors, Z�,h containing all contemporaneous (in our case only Rl in block 2) and 

lagged endogenous variables, exogenous and deterministic variables, of equation 9 in block j 

for 9 = 1, ... , Gj; of = [c5{,t, 6�,h ... ,Obj,,] denotes a (kjGj x 1) vector whose (kj x 1) elements, 

�,t' contain the parameters of equation 9 in block j for 9 = 1, ...• Gji and v{ = Aj} (0) ul 
with 

vI- N (0, E;;), E;; = Ai;' (0) Ai;' (0)' , and E [v:vI' I Z._.] = 0 for i '" j. 

Note that, given the identification assumptions above, the first block (j = 1) of (4) contains 

only one equation that represents the reaction filllction of the Bundesbank. The second 

block (j = 2) contains three equations, representing the reaction function of the Bank of 

France, the Bank: of Italy, and the Bank: of Spain r�pectively. In our case. therefore, we have 

kl = 37 and � = 38, whereas the larger number of parameters in the second block takes 
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into account the contemporaneous effect of the German interest rate in the reaction function 

of others central banks. In fact, the number of lagged endogenous variables is 4 in both 

blocks, the number of exogenous variables-which enters the system of reaction functions 

both contemporaneously and with lags-is also 16 in both blocks, and there is only one lag 

and a constant. 

Bayesian estimation of the two blocks of (4) is then obtained by means of Kalman filter 

and Gibbs sampling techniques modified as suggested by Chib and Greenberg (1995) to 

take into account the presence of time variation in the model's parameters, as in Canova 

an� Ciccarelli (2000): a joint prior on (6:, Ejj) is combined with the likelihood of the data 

and suitable initial parameters values to recover the posterior distributions of interest by 

numerical integration. Since the matrices Ajj (0) are exactly identified, and thus linked to 

En by a one-to-one mapping, we can recover the posterior distribution of the structural 

parameters of the model, and hence the posterior distribution of the structural residuals 

(Ut) from the estimate of the model's reduced form for each iteration of the Gibbs sampler. 

The average of the empirical distribution of these residuals is then taken as our measure of 

the random or unexpected component of monetary policy.7 

2.2 The transmission mechanism of monetary policy 

2.2.1 Specification 

The impact of monetary policy on economic activity is modelled. empirically through a 

system of output equations in which annual output growth is regressed. on our measure 

of the unexpected component of monetary policy and a set of control variables. For each 

country i, we specify the following equation: 

(5) 

where Yit is the 12-month growth of industrial production, X;t = [�t-li,XitJ' is a (1 x k) vector 

of regressors with �t-I, denoting lags of the series of estimated monetary policy shocks and 

7See appendix for more details on Bayesian estimation of (4), including relative tightness of the model's 
hyperparameters. 
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::tit denoting the set of control variables, f3it = [13ft! f3itJ' is a. k x 1 vector of parameters with 

13k and f3tt denoting the coefficients of �t-l. and ::tit respectively. II) ::tit, we include lagged 

output growth of all countries considered to capture regional interdependencies, the first 

lag of the nominal exchange rate of country i vis-a-vis the DM and the US dollar to hold 

constant the intra-Europe exchange rate channel of transmission of monetary policy, and 

the lagged inflation rate of country i to control for supply-side factors affecting economic 

activity. These restrictions are imposed to save computing time in the numerical integration 

and they could be relaxed without facing other constraints. The econometric specification 

is the same for all countries considered and includes, in addition to the variables already 

mentioned, a constant and 24 lags of �t-li (Ii = 1,2, , .. ,24), for a. total of 31 regressors in 

each equation. 

The econometric specification of (5) allows {3it to vaiy randomly both across countries 

and time periods, though only as different draws from the same exchangeable distribution. 

This is achieved by assuming that f3it is a random variable drawn from a common prior 

distribution, which changes also randomly over time according to a given and common law 

of motion, whereas both distributions are assumed to be exchangeable, This hierarchical 

structure of the prior distributions with exchangeability is both mathematically tractable 

and economically plausible in the absence of additional prior information on the nature of 

the parameters' variation over countries and time periods. 

Formally, for each country i and time t, we assume that: 

(6) 

(7) 

Here, bo and Bl denote the variance of the distribution of (it and fit respectively. Bl controls 

the time-variation of the prior mean of the parameters, whereas be controls their variation 

around the mean both across countries and over time.s If Bl = 0, f3.t = (} + (it for all t, and 

8The specification of the law of motion of 8, in (7) implies that the parameters have an unoonditional 
mean equal to zero. An alternative specification is: 
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the para.meters vary randomly over countries and time periods around a constant mean. On 

the other hand, if bo = 0, Pit = 8t_1 +'7t for all i. In this case, no cross sectional heterogeneity 

is present, and /3it is shrunk towards a. common time-varying mean. If both B1 and bo are 

zero, /3it = f) for all i and t and the prior distribution of the parameters degenerate in a 

common constant. The prior variances of 1'1t and (it, therefore, provide a way to control the 

degree of prior unc.ertainty introduced in the model on how the parameters of interest may 

change over countries and time periods.9 

The assumptions (�7), however, are only priors which must be combined with the data to 

generate posterior distributions of the parameters of interest. The moments of the posterior 

distributions of /3it do not need to be the same as those characterizing the priors, as indeed 

we shall see by looking at the empirical results reported below. Note particularly tha.t, 

while the prior variance of /3it (bo + 81) is time-invariant, the posterior variance of /3it ma.y 

changes over time due to realizations of both 1'1t and (it (See equation (21) in appendix on 

this). The assumptions in (6-7), therefore, permit clearly to check whether or not the degree 

of heterogeneity of the parameters of the transmission mechanism of monetary policy has 

changed over time. Note also that, with this specification, the posterior mean of 8t can be 

interpreted as the area-wide relation. 

2.2.2 Estimation 

Stacking all equations by row and rewriting (5) as a standard system of seemingly unrelated 

regressions (SUR) we have: 

€, - N, (0, - ) . (8) 

where 8 is the long run mean of St. However, when we estimated the hyperparameter p by maximizing the 
sample likelihood in (8) below for each country i, we found values for p ranging from 0.9985 for Spain to 1 
for France and Italy. Given this evidence, we decided to stick to the computationally simpler specification 
in (6). 

9The specification in (6) is similar to the one used by Canova and Ciccarelli (2000). The main difference 
is that they split the parameter vector Pit in two independent components: one is unit specific «i) and the 
other varies oommonly over time (At). Unlike them, we do not identify the unit specific effect separately and 
lump it together with the idiosyncratic component «it). Given independence between the country specific 
effect (i and the time-varying common component At, the specification used by Canova and Ciccarelli (2000) 
would not allow to test for persistence of cross country differences over time because the posterior variance 
of Pit would be time-invariant. 
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In this system Xt = diag [X�t' ... , Xct! is of dimension G x h, where h = G * k, with G = 4 

denoting the �umber of endogenous variables and and k = 31 denoting the number of 

regressors in each equation, while /3t = [,Blh .. . ,/3gtl' is of dimension h xl. 

The assumptions on the prior distribution of the parameters' vector f3t can then be 

restated as: 

(9) 

(10) 

where the (h x k) matrix Mo is a column vector of G identity matrices of order k that relates 

f3t to the (k x 1) vector of common shift parameters {}t, and - , Bo, and Bl are unknown 

variance-covariance matrices of Ell Ct and '1t, respectively. The latter three random vectors 

are assumed mutually independent, implying that Yt is conditionally independent of {}tJ Bo, 

and B1• 

Bayesian estimation of the hierarchical model (8-10) is then performed by means of 

Kalman filter and Gibbs sampling techniques, modified. as suggested by Chib and Greenberg 

(1995) to take into account the presence of time variation in the model's parameters, as 

in Canova and Ciccarelli (2000): prior assumptions are set on the hyperparameters of the 

model (- , Bo, Bt}and combined. with the information contained. in the data (in the form of a 

likelihood function and initial conditions) to obtain posterior distributions. As in the case of 

the estimation of the reaction functions, analytical integration is not feasible, and the Gibbs 

sampler is used to compute posterior distributions of the parameters of interest numerically. 

2.2.3 Testing 

Several hypotheses of parameter homogeneity can be performed on the posterior distributions 

of the parameters of interest. We are particularly interested in the overall degree of stability 

over time of the posterior distributions of the parameters of the transmission mechanism 

of monetary policy, their degree of heterogeneity across countries, and any tendency of 

this heterogeneity to change over time. More specifically, we want to test the absence of 

time variation in the common component {}t and the null hypothesis that the transmission 
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mechanism is homogeneous across countries, either over the entire sample or in each yearly 

subperiod considered.. 

The first hypothesis can be tested by letting BI depend upon two hyperparameters, tPl 
and 4>2; the first controlling for the time variation of the monetary policy parameters and 

the second for the time variation of other parameters. If the posterior distribution of tPl 
is concentrated around values closer to zero than its prior, then the evidence supporting 

a time-varying specification (at least for the monetary policy parameters) would be weak. 

Thus, testing the null hypothesis that tPl = 0 may be seen as a specification test for the 

model used. This is checked by following Chib and Greenberg (1995) and calculating, for 

arbitrarily small values of {, the ratio: 

Pr (o/>:'O {I y) Pr(o/> > {I y) 
z �  

Pr (o/>:'O{)Pr (o/» {) 
, (11) 

where Pr (0/> :'0 { I y) and Pr (0/> :'0 {) denotes the conditional posterior probability and uncon­

ditional prior probability that tP is less than �,respectively. The numerator of this ratio is 

computed from the relative frequencies generated by the Gibbs sampler, while the denomi­

nator is given by the prior assumption. 

The presence of cross country differences in the transmission mechanism of monetary 

policy is tested by using a procedure proposed by Ciccarelli (2000) that is an empirical­

Bayesian analogous of the classical Wald-test. In the classical Wald test, one compares two 

quadratic forms: one asymptotically distributed as a xtd) under the null assumption that is 

assumed to hold exactly, and the other distributed as a non-central Xfd) under the alternative; 

the greater the numerical value of the quadratic form in which the exact restrictions have 

been substituted, the more likely is that the value drawn belongs to the distribution under 

the alternative hypothesis. The main difference with respect to the classical Wald test is 

that, here, we know the exact distribution of the quadratic form under the null assumption, 

while the null hypothesis is formulated as a probabilistic statement about the posterior 

distribution of a linear (or possibly non linear) function of the parameters of interest. The 

exact dist�bution of the quadratiC form under the null hypothesis becomes a 'reference' 

distribution, which can be sampled numerically by means of Gibbs sampling and used to 
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make probabilistic assessments in a Bayesian way about a given set of restrictions. 

Write the null hypothesis of homogeneity of the parameters of interest as a general set 

of restrictions on the parameter vector f3t 

R (p,) = r, for each t. (12) 

where R (!3t) is a vector of possibly non linear function of f3t.10 Conditional on other pa­

rameters of the model and given the specification above, the posterior distribution of !3t 

is: 

Thus, the conditional posterior distribution of a linearized version of R (j3,) is approximately 

distributed as follows, 

where VR (A) denotes the gredient of the vector R (p,) computed at A. 
The test is based on the compa.rison of these two quadratic forms: 

and 

q" = (R(P,) - r)' (VR (A)' :.VR (/3.) r (R(P.) - r). (14) 

If the posterior distribution of R (A) is centered on r-i.e.} in the limit the restrictions 

(12) are true with probability 1 and R (A) == r-qa must have the same distribution as qt; 

otherwise, it is conditionally distributed as a. non-central distribution with respect to the 

distribution of qt. In order to construct a. rejection region for the null hypothesis, therefore, 

lOIn the specific case oC linear restrictioris, the restriction matrix R=[RiJJ has dimension d x Gk, where 
G and k have been defined before, d = (G - 1) Pm, and Pm is the number of monetary policy coefficients 
restricted to be the same across countries. In particular, the null hypothesis that all parameters of the 
transmission mechanism are equal implies pm = 24. In this case, R has 72 rows, whose values are 1 when 
i ::: j, -1 when j = i+ k, and 0 otherwise. The hypothesis that the impact of monetary policy at specific lags, 
or its cumulative effect after one or two years, are equal across countries can also be easily accommodated 
designing R accordingly. 
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it is enough to compare these two distributions: the larger the distance between q and ql, 
the more likely is that the restrictions imposed are converting the reference distribution in 

a non-central distribution, and thus the greater is the probability, a posteriori, that the null 

hypothesis is false. The empirical posterior distributions of q and ql are easily obtained from 

the Gibbs sampler. The distance between these two distributions can then be quantified 

using a standard Kolmogorov-Smirnov statistics.ll 

Note finally that, if the model is specified. with time-varying parameters, we can easily 

compute empirical distributions for q and ql and quantify their distance for each subperiod 

considered. Thus, we can test the null hypothesis of parameter homogeneity across countries 

for each subperiod considered. The time profile of the Kolmogorov-Smirnov statistic measur­

ing the distance between the two distributions, therefore, can give a clear indication of the 

direction of change of the differences across countries in the parameters of the transmission 

mechanism (if any is found). 

The illustration of the procedures used to test the homogeneity and stability of the 

transmission mechanism of European monetary policy concludes the presentation of the 

econometric framework. The next three sections discuss the empirical results. 

3 Estimated monetary policy shocks 

In this section we report the residuals derived from estimation of (3), our measure of the 

unexpected component of monetary policy which will be used in the rest of the paper. The 

data sample used is January 1985-December 1998. The Kalman filter is initialized using the 

first five years of data (through December 1990). The estimated residuals, therefore, run 

from January 1991 to December 1998. 

The posterior distributions of the parameters of the reaction functions of each central 

bank considered. are not reported here because of space constraints, but are available on 

llSee Ciccarelli (2001) for more details. When evaluated by means of Monte Carlo simulations, this 
procedure scores well in terms of both power andsize, doing better than the posterior odds (PO) ratio test 
when the prior is informative. In addition, it is easier to implement and, unlike the PO ratio tea: � be 
computed also when some of the prior distributions in the hierarchy are diffuse. 
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request. Ciccarelli and Rebucci (2000) discuss in details this part of the empirical analysis 

and show that these posterior distributions are symmetric and generally have means with 

the expected signs. They show· also significant parameter time variation, especially until 

1992-93 for Germany and 1994-1995 for other countries. Exchange rate volatility appears 

to matter for all countries considered. Germany's seems to have reacted mainly to domestic 

objectives, even though the volatility of the OM has also coefficients clearly different from 

zero. The time profile of these coefficients, in particular, suggests that the Bundesbank's 

attention has shifted in the run up to EMU from the dollar value of the DM to the external 

value of the OM vis-lVvis other European currencies. France, Italy, and Spain seems to 

have had different reaction functions. All three reaction functiOns, however, react strongly 

to contemporaneous movements in German interest rates. The behavior of the central bank 

of Spain is the most peculiar: Spain appears to be the country least constrained by EMS, 

with its own output gap affecting short term interest rates throughout the period consideredj 

moreover, the exchange rate gap vis-lVvis the OM has a persistently negative sign, while the 

coefficient of the volatility of the bilateral rate against the US dollar is positive throughout 

the estimation period, even though slightly trending downward.12 

The estimated structural residuals of equation (3)--Qur measure of a local or country 

speci6.c monetary policy shock-are plotted in Figure 1 and look remarkably well behaved.: 

there are very few outliers (most notably a large one for France in April 1993) and there is 

little evidence of autocorrelation and/or heteroscedasticity. Note that experimenting with 

a higher number of lags only for Germany, we found very similar results suggesting that 

the remaining autocorrelation is not due to a short lag length (results not reported). At 

the same time, when we estimate (3) without exchange rate volatility and restricting B(L) 

as done by Dornbusch and others (1998) we find residuals very much like theirs (Figure 4) 

with large outliers at about the same dates, further suggesting that adding exchange rate 

volatility and letting B(L) unrestricted helps obtaining better residuals, and thus cleaner 

monetary policy shocks. 
12Spain's peculiar behavior is a feature our results shared. with other studies of the transmission of real 

and monetary shocks in the Euro area, including for example Kim (1998), Ballabriga et al. (1999), and 
Ortega and Alberola (2000). 
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The structural residuals of (3) can be used to compare across countries the transmission 

mechanism of country specific monetary shocks. These shocks re8.ect, or are the result 

of, each country's individual preferences over the set of possible monetary policy objectives� 

However, a key feature of EMU is that individual members' preferences and reaction functions 

have been substituted. by, or aggregated into, those of the ECB and its policymaking bodies.13 

In order to approximate as closely as possible conditions prevailing under EMU, one would 

also like to investigate the response of these economies to common shocks-i.e., shocks that 

re8.ects the aggregation of countries' preferences over the possible objectives of monetary 

policy, 

In our econometric framework, a common monetary policy could be defined. either con­

straining the transmission mechanism of country specific· monetary shocks through restric� 

tions on (8) below as done by Dornbusch and others (1998), or by extracting common mon­

etary shocks from country specific data from (3) as done by Sala (2001), or by identifying 

directly monetary policy under EMU with German monetary policy under ERM as done by 

Clements and Kontolemis (2001). Given the difficulties of identifying common monetary pol­

icy shocks in (3) (other than simply identifying them with those obtained from the German 

reaction function), and the computational costs of imposing restrictions on the transmission 

mechanism of country specific shocks in (8), we have followed. a straightforward principal 

coIIl:ponent analysis apprCJ..\Ch and, as a measure of a common monetary policy, we have 

taken the first prinC1PI;U cOmponent of the reduced form residuals (Le., non orthogonalized 

residuals) of (3),14 

Even though this measure might be crude, it should provide at least a term of comparison 

for our analysis of the effects of country specific shocks. The normalized first principal 

component of the reduced form residuals (also reported in Figure 1) explains about 50 

percent of their total variation, a.bout 25 percent of the residual of the Bundesbank's reaction 

function, about 10 percent of the Bank of France's reaction function, and about 50 percent 

l3See Clements and Kontolemis (2001) for a more rigorous analysis of this point. 
14Principai component analysis is a standard econometric technique to extract common components from 

series of data. See Theil (1911), for a standard reference. Note that estimation of the reduced form of this 
model is identical to that of the structural form described in the text, except that it is not done by blocks. 
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of the residuals of the reaction functions of the Bank of Italy and the Bank of Span. Its 

simple correlation with the residual of the Bundesbank's reaction function is 0.24. 

4 The impact of monetary policy in individual coun­

tries 

In this section we present parameter estimates and test statistics of the output equations 

that describe the impact of monetary policy on economic activity. The series of estimated 

monetary policy shocks run from January 1991 to December 1998. Since we include 24 lags 

of this variable, the data sample for the estimation of the output equations starts only from 

January 1993. 

Even though we have estimated all parameters of the system of output equations (8), 

we present only the results for the posterior distribution of the su�vector of monetary 

policy coeffi�ients, /3�, and their estimated average or common component, Bt, which we 

interpret as the European-wide impact of monetary policy. We present four set of estimation 

and testing results: two sets based on the estimation of (8) specified without parameter 

time variation to compare these results to those previously found in the literature; and two 

set based on (8) estimated with time-varying parameters. Both the time-varying and the 

time-invariant specification is estimated including, in turn, only �t (the vector of country­

specific structural residuals, which we interpret as a local monetary policy shock) and ilt 
(the principal component of the reduced form residuals, which we interpret as a common 

monetary policy shock). 

In order to save computing time and to facilitate the results' interpretation, the time­

varying specification actually estimated allows the parameter vector to change only yearly, 

while in fact we use monthly data (see Appendix for details). The type of behavioral change 

we are interested in-presumably induced by anticipation of and preparation to EMU­

is likely to have taken place over time rather slowly, and hence some time aggregation 

in estimating the parameters of the transmission mechanism of monetary policy might be 

desirable. In any case, we are not interested i� isolating changes at monthly frequency. In 
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addition, when the model is estimated without imposing this restriction only for Germany 

and Spain, we find very similar results (not reported), suggesting that the results presented 

below are robust to this feature of the specification actually used. 

4.1 Are there differences across countries in the transmission mech­

anism of monetary policy? 

In order to compare our results with those in the literature, in this subsection, we report 

time-invariant estimates of the system of output equations and we test several homogene­

ity hypoth�is on the transmission mechanism of country specific and common monetary 

policy shocks. Table 2 reports the mean, the median, the first and the third quartile of 

the posterior dist�bution of the coefficients of �t. For all countries considered, the table 

reports the coefficients of selected lags and the cumulative direct effect after one and two 

years respectively. 

From Table 2, we can see that the effects of country specific monetary policy shocks 

become evident within 18 months in aU countries considered, and that there are some cross 

country differences in the impact at particular lags, but basically no quantitative differences 

with respect to their direct cumulative impact as far as Germany, France, and Italy are 

concerned. The effects of country specific monetary policy shocks on output growth in 

Spain, instead, seem to be different from those in other countries both in terms of their 

timing and cumulative direct impact, which is lower. 

These conclusions are borne out clearly also by a formal testing of various homogeneity 

assumptions. Table 3 reports a set of Kolmogorov-Smirnov statistics (henceforth, KS) for 

the distance between the posterior distribution of q andl ql under the corresponding null 

hypothesis. As explained before, a posterior distribution of ql far apart from that of q can 
be interpreted as evidence against the null of equality of the relevant parameters of interest. 

When we test the null of equality of all the parameters of the transmission mechanism of 

country specific monetary shocks, either between all countries considered or through pair­

wise comparisons (see the column of p-vaJues under 'all lags' in Table 3), we reject the null 

decisively. This points to the existence of statistically significant difference in the trans-
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mission mechanism of European monetary policy across countries. Running the same test 
for each pair of countries considered on selected lags and the cumulative direct impact of 

monetary policy after 12 .and 24 months (see the corresponding columns of �values in Table 

3), however, we find that the difference between these four countries is mainly due to Spain. 

Thus, suggesting that the transmission mechanism of country specific monetary shocks in 

France, Italy, and Germany might have already been rather homogenous on the onset of 

EMU, especially as far as the cumulative effects are concerned. As for Spain, it is possible 

that these differences are due to a very different reaction function, which could generate 

very different shocks. It is therefore interesting to compare these results with those obtained 

including only 'lit. 
Thrning then to the analysis of the transmission mechanism of a common monetary 

policy shock, as measured roughly by Ut, we can see from Table 4 and 5 that the results 

are broadly similar to those obtained for country specific shocks. Somewhat surprisingly, 

the direct cumulative impact after two years is now higher in Spain than in other countries. 

This is similar to what found by Ortega and Alberola (2000), who attribute the different 

response of Spain to a (temporary) common monetary policy shock to its larger sensitiveness 

to changes in competitiveness vis-a-vis its European partners. According to Alberola and 

Ortega, the other three European countries, instead, are more sensitive to the wealth effects 

of interest rate changes. The bilateral differences between Germany, France and Italy are 

also slightly larger when assessed USing a common shock-as measured by lower p-values in 

Table 5. This latter result suggests that the differences in the transmission mechanism of 

monetary policy remains significant eyen after controlling, albeit roughly, for heterogeneity 

of national central banks' preferences. The fact that the magnitude of the cumulative direct 

impact of common monetary policy shocks is smaller than that of country specific shocks, 

instead, may be due to its not large correlation with the German interest rate. 

A direct comparison of our results with those obtained in, other studies is difficult because 
of the peculiarities of the empirical framework used in this paper. Nonetheless, Table 6 and 

7 attempt to do this, to the extent possible, contrasting the ranking implied by our results 

with those surveyed by Guiso et at. (2000) and a few comparable point estimates. On 
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the one hand, none of our estimate appears far away from what previously reported in the 

literature, giving confidence that our results are not systematically biased by the peculiar 

features of the empirical framework used. In particular, when we estimate the model with a 

specification essentially equivalent to that of Dornbusch and others (1998) and including only 

the anticipated component of monetary policy and the same data we find very similar result,s 

to theirs (Table 6). On the other hand, when we use our preferred specification, a few sharp 

differences with the previous literature stand out. First, comparing our implied ranking with 

those obtained with small scale structural VAR models estimated country by country (Table 

7)-which are based on impulse response function analysis-we can see that our estimated 

short-term impact of monetary policy is at the lower end of those previously found, though 

the resulting ranking is the same as in the literature. This is not surprising given that our 

specification control for lagged output growth of all countries considered, thereby providing a 

better description of the international transmission mechanism of monetary policy. Second, 

unlike Dornbusch and others (1998)-who analyze only the effects of anticipa.ted chang� 

in monetary policy-we do find more evidence of heterogeneity in the short term impact of 

monetary policy, than with regards to the cumulative direct effects that is the denominator 

of the long-term impact. Finally, our estimated peak effect and the long run impact are very 

close to those reported in the BIS study. 

In summary, and in part consistently with the consensus view in the literature, the 

evidence presented so far points to some degree of heterogeneity across countries in the 

transmission mechanism of monetary policy, especially with regards to the timing of the 

effects rather than the magnitude of their direct cumulative impact. In fact, only Spain's 

response to both a local and common monetary policy shock appears Significantly different 

from that of the other European countries considered. 

Nonetheless, differences in the timing of the effects of monetary policy in are also impor­

tant from both a methodological and a policy point of view as explained in the introduction. 

Therefore, the question of whether or not the degree of heterogeneity of the transmission 

mechanism of monetary policy has changed over time-and, if this were the case, in which 

particular direction- remains relevant. 
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4.2 Are these differences changing over time? 

To answer this question, we reestimate the system of output equations (8) allowing for 

parameter variation over time and test the null hypothesis that the posterior variance of 

the third stage of the hierarchy (8-10) is zero, i.e., we test the hypothesis that 4>1 , the 

hyperparameter tightening the time variation of the coefficients describing the transmission 

mechanism of monetary policy, 13itl is zero. 

This is done using the test statistic (11) explained in section (2.2.3). As mentioned 

above, if the posterior distribution of 4>1 is less concentrated on values close to zero than the 

prior distribution, then we can reject the null of overall parameter stability over timej and 

thus reject a time-invariant specification of (8). In fact, the value of z in (11), for � = 0.03, 

is 0.465 in the case of country specific monetary shocks and 0.012 in the case of a common 

shock. For { = 0.05, z takes on a value of 1.838 and 0.054, r�pectively.15 Very small values 

of z for arbitrarily small values of { imply that the posterior distribution of "'I is located 

more far away from zero than the prior distribution, providing clear evidence in favor of a 

time-varyilJ.g specification for the monetary policy parameters, and thus suggesting that the 

transmission mechanism of monetary policy has changed over time. 

Given that the transmission mechanism of monetary policy seems to have changed over 

time, we check whether or not its degree of heterogeneity across countries has also changed 

in the run up to EMU. This is done by running a battery of KS statistics on the posterior 

distributions of q and ql, under the relevant null hypothesis, as in Table 3 and 5, for each 

yearly subperiod considered. Table 8 and 10 report the results for all countries considered 

from 1994 to 1998 for a country Specific and a common shock respectively. 

As we can see from Table 8, in the case of a country specific monetary shock, there 

is some evidence of decreasing distance between the benchmark distribution of q and the 

posterior distributions of q. But the overall picture is one of neither decreasing nor increasing 

heterogeneity, but rather simple persistence. Nonetheless, we now accept the null hypothesis 

of equality of the cumulative direct effects of monetary policy after 12 and 24 months between 

I5Values for { have been chosen arbitrarily small, as in Chib and Greenberg (1995). 
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all countries considered, including Spain, while this assumption was clearly rejected by the 

data when tested over the entire period 1991-1998 (efr. Table 3). It is possible, therefore, 

that some convergence might have taken place in the first half of the 1990s.16 

An inspection of the posterior distributions of the parameters of interest country-by­

country (Table 9), confirms that the short-term effects of country specific monetary shocks 

are heterogenous, but their cumulative direct impact becomes quite similar across countries 

after about 12 months. Furthermore, note that the cumulative impact after 12 months is 

increasing over time while the impact after two years is decreasing in all countries consid­

ered. This suggests that the length of the transmission mechanisms was becoming shorter 

in the second half of the 1990s in all countries considered, possibly, as a result of financial 

developments and gradually increasing labor market flexibility at the regional level. 

In the case of common monetary policy shocks (Table 10 and 11) we obtain similar re­

sults: the overall degree of heterogeneity of the transmission mechanism does not appear to 

decrease over time, but the direct cumulative impact of these shocks turns also out to be 

homogeneous after 12 months. Interestingly, the value of the third quartile of the distribu­

tion of the direct cumulative impact of these shocks after 24 months is always positive, and 

slightly decreasing over time. This suggests that the posterior distribution of these para­

meters becomes progressively less concentrated on negative values, which in turn could be 

interpreted as evidence of increasing degree of monetary policy neutrality in the long run. 

At the same time the direct impact after 12-month of common shocks is increasing slightly 

over time, as found in the case of country specific shocks. The magnitude of the effects of 

a common shock, finally, looks also rather smaller than that of country specific shock, as 

found estimating the system of output equations without time variation. 

In swnmary, these results show that the hypothesis of overall parameter stability is 

rejected by the data: the transmission mechanism of European monetary policy seems to 

have changed in the second half of the 1990s-possibly becoming shorter-but its degree of 

heterogeneity across countries has neither increased nor decreased during this period. On 

the other hand, the results presented suggest also that some convergence might have taken 
16These tests can be run only starting in 1994 because 

·
of the observations missed to initilize the estimation. 
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place in the first half of the 19905 given that the null hypothesis of equality of the direct 

cumulative effects of monetary policy between all countries considered cannot be rejected 

by the data when the econometric model is estimated allowing for parameters' variation 

over time after January 1994. Consistently with these results, Spain's apparently different 

behavior, found analyzing the effects of idiosyncratic and common shocks over the period 

1991-1998 without allowing for time variation, could be explained as the consequence of an 

econometric specification error. 

5 The European-wide impact of monetary policy 

The evidence presented so far supports the view that the effects of monetary policy on 

economic activity in these European countries differ in terms of their timing, though not in 

terms of their direct cumulative effects. A study of the 'European-wide' effects of monetary 

policy in the sense of Tristanl and Monticelli (1999)-Le., the study of the effects of monetary 

policy in the Eurcrarea-based on averages of country specific time series, or standard pooled 

estimators, may therefore be biased potentially. Moreover, we have seen also that, in the 

specific case of Spain, a time invariant specification yields very different results from those 

obtained allowing for the parameters to change over time. 

Within the empirical framework used in this study, the European-wide effects of mon­

etary policy are measured by the posterior distribution of Btl the cross sectional mean of 

Pit. Tables 12 and 13 report the mean, the median, t�e first and the third quartile of the 

posterior distribution of the elements of Bt corresponding to selected lags and the direct cu­

mulative impact of country specific and common monetary policy shocks, respectively. The 

overall shape of the posterior distributions of the elements of Bt can be appreciated also from 

Figure 2, which plots the box-plot diagram of these distributions for each yearly subperiod 

considered from 1994 to 1998.l7 

17 A Box plot is a convenient graphical representations of the distribution of a variable which provides 
descriptive and diagnostic information. The box: contains the central 50 percent of the distribution. The line 
inside the box is the medi�; while the two top sides represent the first and the third quartile respectively. 
Consequently, the length of the box: measures the dispersion of the distribution and the position of the line 
inside the box its degree of symmetry. Outliers, i.e., observations falling under the 1 percent tails of the 
distributions, have been dropped. 
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Country specific monetary policy shocks appear to have had a system-wide effect peaking 

between 12 and 18 months in the mid-1990s. Toward the end of the 1990s, instead, the peak 

effect seems to occur earlier, between six and nine months. Similarly, the system-wide effects 

of common monetary policy shocks in 1997-98 seem to peak earlier than in 1994-95. 

This evidence is consistent with what shown above and confirms that the European-wide 

transmission mechanism of monetary policy might have become shorter in the second part of 

the 1990s. Country specific shocks have a sizable negative cumulative effect, while common 

shocks have a generally smaller effect, possibly not significantly different from zero. 

Even though they are not directly comparable with those reported by Ttistani and Mon­

ticelli (1999, par. 6.3 and Figure 3), our results suggest that the European-wide effects 

of monetary policy may be less persistent than what suggested by their results. In their 

exercise, a temporary one standard deviation monetary policy shock becomes statistically 

insignificant only after 18-20 months, and its effects are quantitatively negligible within two 

years. We observe a similar pattern when the model is estimated without time-varying coef­

ficients. But when the model is specified with time-varying coefficients tbis conclusion holds 

only for the beginning of the 1.990s. In the second part of the 1990s, monetary policy seems 

to have affected economic activity with shorter lags. 

6 Conclusions 

In this paper we study empirically the transmission mechanism of monetary policy in four 

European countries using dynamic heterogenous models estimated in a Bayesian fashion -with 

pre-EMU data. 

Analyzing ERM data to understand what is happening under EMU has been done be­
fore, and will continue to be done for sometime. The econometric framework used in tbis 

paper shares several features with the 'ideal' one to run such an experiment: (i) the model's 

speCification is the same across countriesj (ii) no strong a priori restriction is imposed on 

the behavior of the central banks studied, letting the data reveal which were the relevant 
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objectives in different stages of the run up to EMU; (iii) intra-European exchange rate move­

ments as well as regional (real) interdependencies, through which monetary policy worked in 

part under ERM, are controlled for in assessing the impact of monetary policy on economic 

activity; and (iv) the effects of both country specific and common monetary policy shocks are 

analyzed, thereby controlling for the heterogeneity of central banks' preferences under EMS. 

Most importantly, however, the parameters of the reaction functions and those describing 

the transmission mechanism of monetary policy are allowed to change both across countries 

and time periods in our empirical framework. Therefore, our empirical results should be 

robust to the Lucas' critique and help understanding how differences in the transmission 

mechanism of European monetary policy evolved over time. 

The empirical results presented show that there are differences in the timing of the effects 

of monetary policy across European countries, and that the degree of heterogeneity of the 

transmission mechanism has not decreased over time during the second half of the 19905, 

even though the parameters of the transmission mechanism do seem to have changed over 

time. We have shown also that the European-wide effects of monetary policy take 6-7 months 

to appear, peak at 12-18, and disappear within 24 months. These results are consistent with 

what previously found in the literature in that they point to some degree of heterogeneity in 

the transmission mechanism of monetary policy. Unlike the results found in previous studies, 

however, they suggest that these cross-country differences are mainly with regards to the 

short term impact of monetary policy. As standard monetary theory suggests, we have given 

evidence suggesting that monetary policy might have become progressively more neutral in 
all countries considered in the long run. 

This work can be extended in several directions. First, it would be desirable to extend 

the sample of countries analyzed to include all eleven members of EMU, and possibly also 

other European countries currently outside EMU. Second, it would be interesting to study 

the effect of monetary policy at regional rather than national level and to compare European 

countries (and/or regions) with American States. Finally, it would be useful to improve upon 

our definition of a common monetary policy shock and to attempt at framing the questions 

asked in this paper in a full blown panel VAR empirical framework. 

- 33 -



A Estimation 

In this appendix we present details of the estimation procedures used. in both stages of the 

empirical analysis. In both stages the estimation is Bayesian. Thus, given the specification 

of the systems of reaction functions and output equations discussed in the main text, prior 

distributions and initial conditions on the model's byperparameters must be combined with 

the information contained. in the data in the form of likelihood functions to produce posterior 

estimates of the parameters of interest. In both sta&:es of the empirical analysis, it is not 

possible to obtain close..form solutions for the posterior distributions of interest, and hence 

we must rely on numerical integration. For the latter, we use the Gibbs sampling method, a 

widely used recursive Monte Carlo simulation method, (see e.g. Geman and Geman (1984), 

Gelfand and Smith (1990), Gelfand et al. (1990) among others). 

A.1 Reaction functions 

The probability density function (pdf) of the data for each block j of (4), conditional on the 

exogenous variables in the model and on the initial observations on Rjt, is 

L (6j, , Ejj I Zj') oc I EjjI-Tj, exp [-� � (R;, - Zj,6j,)' Ej/ (R;, - Zj,6j,)] . (15) 

The prior assumptions on the model's parameters generalize those introduced by Zell­

ner (1971) to take into account the presence of time-varying coefficients: a time-varying, 

multivariate normal prior, i.e., a Minnesota-type of prior (Doan and others, 1984), for the 

regression parameters (t5jt) is combined with a diffuse prior on the variance-covariance matrix 

of the residuals, Ejj. Thus, assuming prior independence: 

p (6j" Ejj) = p(6j,)p (Ejj) , 

with 
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where Pj is a Gjkj x Gjkj matrix governing the law of motion of OJ(, 6j is the unconditional 

mean of Ojt. 4>j governs the time variation of Ojt, and Tljt is assumed to be independent from 

Vjt. The assumption of prior independence is needed for analytical tractability.18 Note also 

that giving a joint prior on (Ojh Ejj) is equivalent to considering a prior on (Ojt' A (O)jj) as 

proposed by Sims and Zha (1998) and Zha (1999) if the model is exactly identified, which 

is the case dealt with here: hence, A (O)jj can be recovered from Ejj through the OOA--tCH>ne 

mapping between these two matrices. 

In order to nul the Gibbs sampler, the conditional posterior distributions of E;/ and Ojt 
must be obtained. Combining the likelihood (15) with (16), it is not difficult to see that the 

conditional posterior distribution of E;/ is a Wishart: 

The joint conditional posterior distribution of OjO, Ojlt ... , O;T I En is obtained in two steps as 

shown by Chib and Greenberg (1995). First, we initialize {6;.}, for each t by Kalman filter 

and save the output: 

- ;* : jtlt-I - --jtlt_IZjtFZjt-- jtl:-I 
F = (Zjt-- jtlt_1Zjt + Ejj)-1 

M, 

(19) 

where 6jtlt_1 = 1';6;t-llt-l + (I - Pj) 6j and -- jtlt-l = P;--jt-llt-tf� + �j. Second, the joint 

conditional posterior distribution OjO, Ojlt ... , O;T I Ejj is sampled in reverse time order from 

0;0 """ N (6;0' --jO) 
��--�����--� 18See Leamer (1978, p.80) for & better justification of prior independence. 
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where 6jt = 6jtlt + Mt (<<Sjt+! - 6jtlt), and _A jt = _A jtlt - Mt_A jt+1ItMI. 
To make the updating scheme described in (18)-(20) operational, initial values for Pj, 

iPj' _A jO, and the vector 6jo, at time t = 1 (the first period of the sample), must be assigned.. 

Following Litterman (1980, 1986), we define the matrices Pj, <!'Ij, _A jO, 6jo in terms of a 

few hyperpararneters. These hyperparameters are assumed. known and are estimated. before 

starting the Gibbs sampler. More specifically, each kj x 1 vector 6j9O is assumed. to depend 

only on one hyperparameter such that 6J9 = (0, ... , 0, 71"1.0' 0, .. . O)i' where 7rl,9 represents the 

prior mean of the coefficient of the lagged. dependent variable in equation 9 of block j. The 

individual components of 6jo are assumed to be mutually independent and independent from 

analogous components in other equations of the block j j thereby, rendering the covariance 

matrix _A jO diagonal. The diagonal elements of _A jO are then defined so that, for each block j, 

the relative tightness of the prior of the coefficient of the lagged dependent variable, of other 

lagged endogenous variables, and of deterministic and exogenous variables is controlled by 

71"2", 71"3.0' 7r4,g, respectively. In practice, the prior variances of the parameters in equation 9 
of block j are specified as follows: 

{ "'"  V ("' ) = 'lrJ.'lr3s!a. ar Oj9 i "i 
7r2.9 71"( (7g 

for lagged dependent variables 
for other lagged endogenous variables 
for exogenous and deterministic variables 

where l denotes the lag length, and (79 is a scaling factor which takes into account the range 

of variation of different variables.19 Hence, the overall tightness in,the system (the overall 

degree of uncertainty with which prior information is introduced in the model's specification) 

is controlled by 7r2i and if 71"2 goes to infinity, the prior becomes diffuse. The tightness of 

the coefficients of the lagged dependent variable relative to that of other lagged endogenous 

variables in the equation is controlled by 7I"3i if 7r3 = 0, the prior defines a set of univariate 

autoregressive processes of order p. Finally, 71"4 controls the degree of uncertainty with respect 

to the coefficients of exogenous and deterministic variables. 

The time variation introduced iD. the model's parameters a priori is governed by the 

19This scaling factor is usually estimated from a set of univariate AR(m) models for each variable. 
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matrices Pj and 4lj. These matrices are defined as: 

Pj = diag (Pjb • • .  PjGj) 
4'j = diag (4ljt. ... , 4)jGj) _A jO 

where 1>;g = diag (7rs,g) are kj x kj matrices with ?fs,g controlling the coefficients of the law 

of motion of each Ojg, and 4)jg = diag (?f6,g) are kj x kj matrices with ?fs,g controlling the 

amount of time variation actually introduced in the model. Thus, a time-invariant model 

could be obtained by setting ?fs = 1 and ?f6 = o. 
In sum, we have six hyperpararneters for each equation of block j. The hyperparameters 

are estimated before running the Gibbs sampler by maximizing, equation-by-equation, -the 

sample likelihood of the model written as a function of these hyperparameters themselves, 

while the model's parameters (bjt, I:jj) are initialized with a classical SUR estimate of the 

entire model.20 Then, the updating scheme (19) is run and the Gibbs sampler implemented, 

switching between (18) and (20) as if ?fl ,  ... , ?f6 were known. The Gibbs sampler runs 5000 

times yielding 4000 draws from the posterior distributions after discarding the first 1000 

draws. 

A.2 Output equations 

A.2.1 Time variation 

Let yt,T denote annual output growth (In (Yi�/li�-l) at the s-th month of the r-th year for 

country i. For each country i, yt,T' is modelled as follows: 

1, ... ,G; T = I, ... , Tl; s = 1, ... ,8. 

In our sample, the number of years (T1) is 6, the number of countries or endogenous variables 

(G) is 4, the number of subperiods for each year (S) is 12, and hence the total number of 

observations for each variable is T = Tl * S = 72. 

20Note that the first block of the model contains only one equation. In this case (18) becomes an inverted 
gamma and the equation's parameters can be initialized by OLS. All estimated hyperparameters are reported 
in Table 1. 
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As noted. in the main text, this system can be rewritten as: 

The likelihood of the data is, 

M08.,. + (.,., 
8"'_1 + T1.,., 

E:� '" Ng (0, - ) ,  

(.,. '" N. CO, Bo,t) , 

ex 1_ I-T/' exp { -� ��(y; - x;rM - -1 (y; - X;i3T)} . 

The prior information is completed by assuming: 

-1 

M. 
W (w., 6) , 
eg "-.I". 

Ig '\..E Vr, E-1 "" W (uo, lJIo) , 

diag (<p1Ik" ,p,h-k,) ,  

where eg is a vector of ones of dimension 9 xl, W (wo, e) denotes a Wishart distribution with 

Wo degrees of freedom and scale matrix e, Ij denotes an identity matrix of dimension j, and 

kl is the number of monetary policy parameters. The time variation of the monetary policy 

parameters is controlled. by <PI, while 4>2 tightens the time variation of other parameters. 

We set a diffuse prior on 1>2 and we assume that the prior distribution of <PI is an inverted 

gamma, <PI '" IG (Ko/2, foo /2). All hyperparameters of the system Cwo, e, uo, lJI 0, Ito, foo) are 

assumed. known. 

The posterior densities of the parameters of interest are obtained. by combining the 

likelihood of the data with the prior distributions above in the form of conditional pos­

terior distributions as before. Letting YT = (YI, .. . , YT) denote the sample data and "" = 

({.B.,.}.,. , - , {  8.,.}.,. , E, <PI, 4>2) denote the parameters whose joint distribution needs to be 

found, we have: 

i3T 1 YT, .p-/>. - N (�T, vT ) , T :S  T,; 

_ -1 1 YT, .p-- - W (w. + T, 6r) ; 
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E-I I YT, t/l-E - W (cr. + TIg, >liT,) ; 

... I V- ." _ 1G ( V. + Tlktl <- + E. (O; - OL.)' (0; - 01-.)) , '+'1 T, o/-�l 2 I 2 ' 

.... I V- ." _ 1G (TI (k - kl) E. (0; - 01-.)' (0; -01-.)) , 
'+"'t T. o/-� 2 ' 2 ' 

where 

fiT v,. (B;IM.OT + �X:. -IV:) , 

v,. = (B;I +�X:. -IX:r (21) 

6T = [6-1 + � � (V: - X:{3T) (V: - X:{3T ),]
-1 

>liT, = [>li;1 + ��({3;T - OT) ({3;T - OT)'r 

with '1/;_..., denoting "" without the parameter ,. and 8; and 8� denoting monetary policy 

parameters and other parameters, respectively. 

The posterior distribution of {Or};,!.,OI conditional on the other parameters, is obtained 

USing an updating scheme as in (20) above. 

As for the hyperparameters, we set Wo = 9 + 1, (1'0 = k + 1, and Wo = diag (1.0), while e 

is initialized with the variance-covariance matrix of a classical SUR estimation of (8). The 

parameters of the gamma distribution of 4>1 are Ito = 6 and {o = I,  implying that the prior 

mean and the standard deviation of 4>1 are 0.25 and 0.25, respectively. To initialize the Gibbs 

sampler we set also <PI = <h = 0,5" = 19, and E = I., while all {3;'s are initialized with the 

posterior mean obtained estimating the model without time-variation. 

With these starting values the Gibbs sampler begins generating {8T} '!.!.o and then all the 

other parameters. The Gibbs sampler runs 5000 times yielding 4000 draws from the posterior 

distribution after discarding the first 1000 draws as before. 
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A.2.2 Time invariant model 

The model is also estimated restricting the coefficients to be constant over time. In this case, 
we used the following hierarchy 

y, 
(3 
9 

e, � N, (0,- ) 
( � N. (0, Bo) 

� � Nm (O, B,) 

where now t = 1, ... ,T. 
The likelihood now becomes: 

ex 1- I-T/2 exp {_! t (y, - X,(3)' - -' (V, -X,(3)} . 
2 t=1 

All the hyperparameters, including Jl and B1, are assumed to be known as before. In 
particular, we set B}l = 0, i.e., the third stage of the hierarchy is degenerate. 

Using the same notation and priors as before, the conditional posterior distributions now 
are; 

where 

(3 1  YTo'/J_p � N (/3, VT) ; 
- -I I YT, tP-- � W (wo +T,RT) ; 

9 1  YT, tP-. � N (6.1 (B,I M,l' + M�B;I(3) , 6.1) ; 

E-I I YT,tP-E � W (o-o +g, IV,) ; 

/3 � VT (B;IMo9 + �X:- -Iy,) , VT � (B;I + �X:- -Ix,r' 

RT � [R;I + t (y, -X,(3) (y, - X,(3)'j
-' 

"" 

Al = (Bli + M;B;I Mo)-I , 

IV, � [IV;I + �({3; - 9) ({3; - 9)'r 

Finally, the Gibbs sampler is initialized as done. in the case of the time-varying model.. 
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B Data 

All the data used are from the International Financial Statistics (IFS) database of the IMF, 

except daily exchange rates which were provided by Marcello Pericoli of the Bank of Italy. 

The basic dataset is composed of monthly observations from 1985:01 to 1998:12 for the 

following series: 

1. Consumer price index, IFS line 64 (CPI); 

2. Industrial production index, IFS line 66 (IP); 

3. Nominal exchange rate vis-a-vis the U.S. dollar (period average), IFS line rf (NER); 

4. Interest rates (Treasury Bill rate), IFS line 60c (IR); 

5. Daily nominal exchange rate, Bank of Italy (DNER). 

The following transformations of the basic data have been used: 

6. ?ri,' � log(CPI,jCPI._12); 

7. Yi,' � log(I p.); 

8. R;,. � log (1 + I R,j100); 

9. Yi,' � log(IP,jIPI-l,); 

10. 17i,' � stdev[log(DNER./DNER;)], 

where stdev denotes the intra-month standard deviation, and DN ER: is an HP filtered 

trend with smoothing parameter equal to 1600. Inflation, output, and exchange rate 

gaps-in the text denoted respectively (1I".,t - 7r;), (Yi,t - yi), and (Cit - e;)-were com­

puted as log[(CPI,jCPJ,_12)/(CPI,jCPII-l,)"), log(I P,j I PO), and log(N ER;/N ER"), 

respectively, where (CPlt/CPlt-12t, Ip·, and NER- denote the deterministic com­

ponents of a linear regression of (CPlt/CPlt_12), IPt, and NERt on a constant and 

a linear trend, a constant and a quadratic trend, and a simple constant, respectively. 
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BER 
FRN 
IT\. 

$PN 

Tables 

. , '" '" 
0,97582 0,023043 0,18227 

0,08534 0,72456 0,02525 

0,05922 0.05099 0,304916 

0,01891 0,17227 0,00872 

Notes: 
11:1 . Prior mean 00 first lag 
.:z .  CNer.tl1 tightness 

.. 
13804,4 

1,46355E-OS 

171320,008 

5878,8&48 

d .  R"ltiYe tightneu on other vao.bift 
K4 .  ReiltiYe tightnen on the eonstm 

ItS .  Law of motion of the parameter 

11:6 .  Ra.tive tightnen 00 time variation 
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'" .. UUllhood 
0,99887 7,n4SE-09 1025,1Z2 

0,99979 1,12253E-08 953,881 

1 9,B2304E-09 865.236 
1 1,3967E-08 .... 82 



Table 2. Estimated Impact of idiosyncratic monetary 
policy shocks. Several lags. All countri .... 

GER FAN Ill. • PN 
lag 8 1st Qu. -0,1726 -0,0402 -0,0723 ·0,0673 

.... n ....... 0,0631 0,0522 0,0391 
Median -0,0576 0,0623 O,048S1 0,031. 
3td Qu. 0,0603 0,1644 0,1666 0,1448 

lII" 12 1st Qu. 0,0627 -0,0427 0,1033 0."'" 

Me.n 0,1859 0,0570 0,2162 0,1831 
Median 0,1658 0,0571 0,2160 0,1855 

3td Qu. 0,2702 0,1592 0,3279 0,2807 

IIIg '. 1stQu. -0,1770 -0,1048 -0,1519 -0,0453 
Mean -0,0699 ".0084 ... ..". 0.1I55lI 

Median -0,0617 ".11045 -0,0360 0,0578 
3rd Qu. 0,0406 0,0928 0,07.' 0,1591 

lag 16 1st Qu. -0,2567 ·0,1734 -0,2973 -0,2636 
.... n -0,1485 -0,0667 -0,1874 -0,1631 

...... n -0,1476 -0,0705 -O,1a.t8 -0,1668 
3rdQu. -0,0330 0,0386 -0,0776 -0,0626 

lIIg 18 1stQu. -0,3311 -0,2140 -0,3798 -0,2961 
.... n -0,2203 -0,1156 -0,263' -0,1963 

Median ".2225 -0,1166 -0,2622 -0,1977 
3rd Qu. -0,1106 -0,0189 -0,1431 -0,0998 

log 24 1st Qu. .0.2455 ·0,1391 ·0,2892 .O,223� 
Me.n -0,1391 -0,0451 -0,1738 -0,1289 

Median -0,1389 -0,0483 -0,17046 -0,1273 
3rd Qu. -0,0336 0,0471 -0,05\17 -0,0324 

cumul 12 1st Qu. -0,6818 -0,8361 -0,7235 .().5365 
Mean -0,4093 -0,3671 -0,2561 -0,1521 

Median -0,.(151 ".'"" -0,2671 -0,1537 
3td Qu. 0,0764 0,1075 0,2019 0,2450 

cumul 2'( 1st Qu. ·2,1080 -2,0268 -2,1834 ·1,3751 
Mean -1,,(115 �1,3507 -1,5098 -0,8963 

Median -1,4005 -1,3.(69 -1,5030 -0,8947 
3td Qu. -0,7002 -0,6364 -0,8351 -0,3942 

Note: For each lag the first quartile, the mean, the median, and the thitd 

quartile am reportfld 
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Table 3. Testing the null: F(q) = F(q1). Idiosyncratic shocks 

all iag. I.g 12 lag 24 cumul 12 cumul 24 

joint 0.5020 0.1843 0.1385 0.0788 0.1530 
(0.0000) (0.0000) (0.0000) (0.0001 ) (0.0000) 

Gervs Fm 0.3370 0.1223 0.1008 0.0152 0.0138 
(0.0000) (0.0000) (0.0000) (0.7280) (0.8327) 

Gerva Itt 0.2528 0.0342 0.0285 0.0370 0.0172 
(0.0000) (0.0175) (0.0745) (0.0079) (0.5781 ) 

Gervs Spn 0.3058 0.0207 0.0095 0.0600 0.1045 
(0.0000) (0.3452) (0.9920) (0.0000) (0.0000) 

FmvslU 0.3223 0.2068 0.1658 0.0192 0.0198 
(0.0000) (0.0000) (0.0000) (0.4372) (0.4051) 

Fm vs Spn 0.3162 0.1675 0.0807 0.0767 0.1135 
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 

ltl vo Spn 0.2388 0.033 0.0420 0.0342 0.1700 
(0.0000) (0.0245) (0.0016) (0.0175) (0.0000) 

Note: numbers represent the Kolmogorov--Smimov statistics. 
P-values In brackets. 
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lag ' 

I.g 12 

Ll.g14 

Ll.g 1 6 

Ll.g18 

lag 24 

cumul 12 

cumul H 

Table 4. Impact of a common monetary policy shock 
(Selected lags; all countries) 

GER FRN ITL 

1s1 Qu, -0,1859 -0,2111 ..0,2 1 1 1  

Mean -0,0312 -0,087' -0,0627 

Median -0,0361 -O,OM7 -0,0121 

3rd Qu, 0,1031 0,0447 0,0893 

1st Qu. .0,0948 -0,1071 -0,0110 

Mean 0,0240 0,0022 0,11. 

Median 0,027' 0,0027 0,1226 

3rd Qu. 0,1442 0,1105 0,2484 

1stQu. ..0,1516 ·0,1534 ·0, 1812 

Mean -0,02304 -0,031' -0,0401 
Median -0,0233 -0,0335 -0,0374 
3rdQu, 0,1092 0,0819 0,1013 

1st Qu, -0,3754 -0,2446 .0,2689 

Moan -0,2336 -0,1230 -0,120.& 
Median -0,2328 -0,1263 -0,1190 
3rdQu. -0,0947 0,0007 0,0259 

1stQu, -0,4266 -0,3938 -0,5101 

Mean -0,3063 -0,28&4 -0,3803 
Median ".- -0,2831 -0,3718 
3rdQu. ..0,1803 -0,1739 -0,2481 

1stQu. 0,0330 ·0,0961 ·0,1214 

Mean 0,1530 0,0193 0,0161 
Median 0,154' 0,0176 0,0201 
3rd Qu. O,2n9 0,1321 0,1584 

1stQu. ..0,8175 ·0,6696 -0,3923 

Mean -0,""6 -0,3503 -0,0138 
Median ......... -O,:J.420 -0,01-48 
3rd Qu. ..0,0920 ..0,0160 0,3149 

1stQu. -1.2557 ·1,2482 .1,1558 

Mean -0,6141 -0,1147 -0,47" 

Median -0,&4'5 -0,6182 -0,.726 
3", Qu. -0,0471 -0,0924 0,1960 

Note: For each lag the first quartile, the mean, the median, and the third 
quartile are reported 
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SPN 

-0,2266 

-0,1004 

-4,0917 

0,0364 

·0,0309 
0,0879 

0,0917 

0,2017 

-0,0352 

0,0860 
0,011 3 

0,2119 

-0,4232 

-0,2953 

....... 
-0,1644 

-0,3967 

-0,2803 
-O,2n2 

..0,1633 

·0, 1 1 79 

0,0011 
0,0027 

0,1187 

..0,8722 

-0,5151 
-0.5067 

..0,1464 

.1,8280 

-1.H11 
-',2253 

-0,6380 



Table 5. Testing the null: F(q) = F(q1). Common shock 

all lag_ lag 12 log 24 cumul 12 cumul 24 

joint 0,5640 0,1275 0,1853 0,1822 0,1935 
(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 

Gerva Fm 0,3615 0,0222 0,1 795 0,0268 0,0268 
(0.0000) (0.2668) (0.0000) (0.1100) (0.1100) 

Ger vsltl 0,2965 0,0833 0,1648 0,1 728 0,0370 
(0.0000) (0.0000) (0.0000) (0.0000) (0.0079) 

Ger vsSpn 0,3095 0,0707 0,2150 0,0212 0,1442 
(0.0000) (0.0005) (0.0000) (0.3175) (0.0000) 

Fm vs ttl 0,2658 0,1430 0,0148 0,1328 0,0308 
(0.0000) (0.0000) (0.7644) (0.0000) (0.0436) 

Fmvs Spn 0,4812 0,1060 0,0185 0,0435 0,1 570 
(0.0000) (0.0000) (0.4881 ) (0.0010) (0.0000) 

ItI vsSpn 0,3405 0,0305 0,0197 0,2290 0,2188 
(0.0000) (0.0464) (0.4951 ) (0.0000) (0.0000) 

Note: numbera represent the Kohnogorov-Smimov statistics. 
P-val.,.. In bracketa. 
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Table 8. Testing the null: F(q) os F(q1). Time varying 

model. Idiosyncratic shocks 

eU countries 

'9M . - .... ... 7 .... 

all &.IDS 0.3615 0.3195 0.3117 0.3027 0.2533 

(0.0000) (0.0000) (0.0000) (0,0000) (0,0000) 

lag 12 0.0867 0,0265 0.0597 0.0648 0.039 

(0.0012) (0.1161 ) (0.0000 ) (0.0000) (0.0043) 

... .. 0.0288 0.107 0.0495 0.0445 0.072 

(0.0704) (0.0000) (0.000') (0.0007) (0.0000) 

cumul 12 0.0153 0.019 0.0158 0.0543 0.0215 

(0.7280) (0.4538) (0.6907) (0.0000) (0.3042) 

cumul 24 0.0158 0.0155 0.0183 0.0268 0.0112 
(0.6907 ) (0.7094) (0.!S055) (0.1100) (0.9565) 

Nata: numbers represent the Kolmogorov-8mlmov statistics. 
P-YIIluu in brackets. 
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Table 10. Testing the null: F(q) = F(q1). Time varying 
model. Common shock 

aU countries 

, ." , ... , ... 1997 , ... 

aU liga 0.1515 0.1535 0.1318 0.0822 0.0702 

(0.0000) (0.0000) (0.0000) (0.0000) (0.0000) 

lag 12 0.01 1 5  0.0118 0.075 0.0183 0.0158 

(0.9479) (0.9385) (0.0000) (0.5055) (0.6907) 

Iag N 0.0165 0.0245 0.0195 0.0433 0,0227 

(0.6342) (0.1749) (0.421) (0.001 1) (0.2438) 

cumul 12 0.0175 O.01n 0.0068 0.0175 0.0088 
(0.5596) (0.5781 ) (1 .0000) (0.5596) (0.9973) 

cumul24 0.0062 0.0152 0.0125 0.0063 0,01 
(1.0000) (0.7280) (0.9048) (1 .0000) (0.9857) 

Nota: nuna,. ... ."...nt the Kolmogorov-Smlmov abltiatics. 
P-valuea In bnlckets. 
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Table 12. Me.n ostimatad Impact of Idloayncratlc monetary 
policy shocks. Sev ... l lags. All' years 

,- , ... , ... 1117 

... ' 1stQu. .0.226 -0,175 -0,080 .0258 
- .0 .... .0 .... 0,078 ...... 

- -o,OIt ... '"' 0,073 ..o,Of1 
3tdQu. 0,'" 0.0" 0.228 D,D86 

... . fatQu. -0,114 -0,174 -0,162 -0,347 
-. 0,034 .. .... -0,024 -0,11' 

- 0,021 .... " -0,037 -0,1" 
3td Qu . 0,175 0,0811 0,104 -0,036 

... . fatQu. .o,<tOO -0,553 -0,409 -0,615 
- ...... -0,410 ..... ' .. ...., 

- ".>01 ..(1,412 -0,252 ..... 7 
,,",0. ..{),143 .0264 -0,101 .0.296 

"1112 1st Qu. -0,401 .0.21' -0,302 .0.222 
-. ",,31 -0,131 -0,1'1 -0,051 

- ...... -0,13' ..(I,1M -0,017 
3rdQu . .0,088 D.DOlI -0,030 0,094 

.. g 18 1stQu. -0,423 .0,,," -0,278 -0,184 
- ",,14 -G,215 -0,136 -0,025 

- ...... ".22' -0,136 -0,021 
JrdQu. -0,151 .0,092 D,DD4 0,128 

". " 1stQu. -0,2711 -0,100 .o,D84 -0,138 
- -0,131 0,031 0,051 -0,012 

- -0,13' 0,024 0,063 -0,019 
3rdQu. 0,011 0,152 D2D' 0,110 

cumul 12 fsi Qu. -2,158 -2,354 -2.278 ·2,401 
-. -1,117 -1,485 ·1,341 -1, .... 

- ., .... -',137 -1,501 -1,574 
JrdQu. -0,357 -0,872 -0,614 -0,760 

cumul24 1st Qu. -3,882 -3,881 -3,588 -3,312 
- .2.222 .... " -1,131 -1,700 

- -2,703 -1,.,5 -2,551 -1,"5 
Jrd Qu. ·'200 -un -1 ,180 -O,�4 

Note: For each lag the first quartile, the mean, the median, and the 
third quartile are reported 

- 53 -

.... 

-0,510 
-0,324 
.0.344 
-0,1-43 

-0,199 
-0,018 
-0,020 
0,169 

-0,420 
"231 
".232 
.0,052 
-0,210 
-0,037 
-0,031 
0,129 

-0,2411 
...... 
-0,077 
D.""" 

-0,179 
".m 
-0,027 
0,120 

-1,952 
-0,951 
-1,055 
.0.094 

".562 
-1,001 
-1,158 
-0,324 



Table 13. Mean .. tlmated Impact of a common monetary 

policy shock. Saveral laga. All ye .... 

,- , .. , , ... , .. , 

log '  1stQu. -0._ ..(1,337 -0250 -0"" 

- -4,"' ...... ..... . ... ' 
- .. � .. ..... ' ',G21 M74 
"," Qu. 0,217 '205 0,27' 0,375 

log '  1st Qu. ..(1,427 -O.m -O,3t1 -0,507 

- .� .. ..,. .. ,on ...... 
- ..... ..... ' ..... ' .. ,w 
"'" Cu. 0.42<> 0,312 0,241 0,017 

log '  1st Qu. .. .... -0,8110 -0.1182 -1,289 

- ...... ..... .. - ..� .. 
- .. ".. ...... ",171 ",1%2 
"'" Qu. .(1,032 -O,21 t .(1,332 -0,575 

log 12 1st Qu. ..(1,207 .(1,313 -0,372 -0.300 
- '�12 ",070 �,130 ...... 

-. .p .. .. p .. �,134 .. .... 
","Cu. 0,312 0,188 0,119 0,247 

log " 1stQu. -o,7HI .(1,592 -0,481 -0,567 

..... .. .... ...... -0,154 ",229 
- ..... ' .. ".. ",24.2 .. ,lOt 
"," Qu. -0,237 .(1,052 0,136 -4,003 

log "  1st Qu. -0.'" .(1,507 ".523 -0,553 

- ...... ...... ",272 ",293 
-. ...... ...... ",27' ...... 
"," Qu. -0,014 -o,on -0,030 ".050 

"""'" '2 1st Qu. -0,689 -0,781 -1,354 ·1,531 

- 0,471 ',20' ...... ...... 
- 0,465 ',213 -4,1" ..... ' 
"'" Qu. 1,633 1,24t 0,874 '.330 

�I" 1stQu. ·2,071 -2,148 -2,192 ·1,878 

..... .. � ".." ...... -4,701 

- ".121 ...... -4,117 ...... 
"," Qu 0,808 0,361 0,543 0,562 

Note: For each lag the first quartile, the mean, the median, and the 
third quartile are reported 
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Figura 1. Monetary policy shocks 
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Figure 2. Euro-wide impact of Idiosyncratic and common shocks 
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Figure 2. (cont.) 
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