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Sacrificeratio dispersion within the Euro Zone:

What can belearned about implementing a Single Monetary Policy?

Jean-Jacques DURAND? Marilyne HUCHET-BOURDON"% andJulien LICHERON?

Abstract: This article focuses on the comparison of sacrifiggos as an indicator for structural
dispersion within the euro area over the period21®7J03. Estimates of the sacrifice ratio, defined a
the cumulative output cost arising from permanefiaiion reduction, are obtained using structural
VAR models. Results from sub-period analysis ad asten-year-period rolling estimates lead to two
main conclusions. Firstly empirical evidence digpla recent increase in the average sacrifice, ratio
which can be linked to the simultaneous decrease¢hén average inflation rate: this negative
relationship between the initial level of inflaticend the cost of disinflation can be seen as a
justification for the choice of an inflation objee close to 2% for the European Central Bank (ECB)
rather than a target of perfect price stabilityteptially very damaging. Secondly, we can't provide
evidence of any reduction in European sacrificéoralispersion, which would suggest that the
nominal convergence triggered by the Maastrichafiyr@lidn't involve a true reduction of structural
differences. It is likely to be a problem in tharste of a single monetary policy, since structural

differences imply asymmetric responses of reabnatieconomies to the same monetary impulse.
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1. Introduction

The disinflation policies implemented throughou¢ th980s and 1990s have led many observers to
wonder about the true cost, in terms of real agtiviesulting from a significant and permanent
reduction of inflation. The issue of the transitaytput cost associated with a restrictive monetary
policy remains an endless debate among econorfstent theoretical studies have focused on the
key determinants of disinflation costs: the lack cgintral bank credibility, slow adjustments of
inflation expectations to changes in monetary polimperfect information, and wages and prices
stickiness, can all lead to high adjustment costind a disinflation process. This would explaie th
benefit of evaluating these short-term costs thinotlge estimation of a "sacrifice ratio”, typically
defined as the cumulative output loss, measuredescent of one-year real Gross Domestic Product
(GDP), arising from a one-percentage-point permareztuction in the inflation rate. Empirical result
from the literature confirm that sacrifice ratiosyndiffer widely from one country to another (for a
given calculation method and over the same periBdgrifice ratios can therefore be viewed as

indicators of structural differences between caastr

The present paper investigates this topic for thelvie countries belonging to the Economic and
Monetary Union (EMU). The single monetary policyl Iby the European Central Bank (ECB) and
adopted in 1999 has been assigned the aim of mamgeprice stability within the euro area taken as
a whole (i.e. maintaining the aggregate inflatiaterbelow 2%). One of the chief concerns lies é th
effects of such a policy on national economiesalt easily be understood that if sacrifice ratiesew
to differ broadly among EMU member states, the commonetary policy would then produce
asymmetric effects on national outputs. Such asytmesenvould complicate the task of the ECB. Has
the nominal convergence required for candidate trmsnto participate in the euro currency (as
enforced by the convergence criteria defined inli®@2 Maastricht Treaty) translated into a struatur
convergence that could reduce these asymmetriesthalysis of sacrifice ratio dynamics within the

euro area should help answer these questions.

In this paper, we try to calculate and use theatspn of sacrifice ratios among the twelve EMU
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countries as an indicator for structural converger@ur paper is therefore related to the works from
Andersen & Wascher (1999), Boone & Mojon (1998) &wfiado & de Gracia (2003), but our

contribution is twofold. Firstly, we focus on EMUountries and try to assess the evolution of
structural dispersion looking at the dynamics afri@e ratios dispersion both across countries and
over time. The analysis of a long period 1973-260d the use of ten-year rolling estimates should
clearly provide some insights. Secondly, we usetractiral VAR methodology inspired from

Cecchetti (1994) and Cecchetti & Rich (2001) tccokite sacrifice ratios, since this methodology is

suitable for international comparisons.

The remainder of this paper is structured as faloWhe next section focuses on the concept of a
sacrifice ratio. Section 3 presents our empiricaldelling approach, and Section 4 discusses the

pertinent results. Section 5 provides some conctudemarks.

2. The Sacrifice Ratio

The sacrifice ratio can be defined as the cumwdadwtput cost resulting from a-one percentage-point
reduction in the inflation rate. This definition thfe sacrifice ratio may be illustrated simply. Uig 1
shows one possible path for output and inflatiollofang a tightening in monetary policy that
ultimately lowers the inflation rate by one per@gd point. The sacrifice ratio is equal to the @im
output gaps (i.e. the gaps between actual and ftentput) expressed as a percent of GDP. This

sum is equivalent to the output loss in the shauded.



Figure 1. Hypothetical responses of output and inflatiorirtya disinflation process
(inspired by Filardo, 1998)
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The sacrifice ratio is now widely used in theoratias well as empirical analyses of real monetary
policy effects. It appears to be a useful concapable of synthesizing complex economic phenomena
into a single-digit informative cost measturélthough the sacrifice ratio is a simple conces,
estimation proves however a much more difficultreise. It requires both identifying changes in
monetary policy stance (to enable distinguishintywben disinflations and episodes of accelerating
inflation) and evaluating their impacts on outpuatanflation. Several methods have already been

proposed and applied.

Early empirical studies (Okun, 1978) are basedhengstimation of "Phillips curve" models, which
express a relationship between the output gap mftetion variation over a long time series. Okun
reports an average sacrifice ratio of 10% for thatédl States. In other words, he finds that a
permanent one-percentage-point reduction in ififatiate should be associated with a cumulative

10% loss in real Gross National Product (GNP). Gorél King (1982) refine Okun's approach (using



both traditional and VAR models) to obtain estinsaté U.S. sacrifice ratios that range from 0 to 8,
with a mean of about 5% (less than half of Okulki®). Cufiado & de Gracia (2003) also use a
Phillips curve modelling to estimate individual aceimmon sacrifice ratios for EMU countries over
the period 1960-2001. The values of the estimagéedfice ratios range from 0.55 in Portugal to 1.96
in Finland. They also test the hypothesis thaEMU countries face the same sacrifice ratio anectej
this hypothesis over the whole period. Finally ytlehow that sacrifice ratios take higher values in
sub-periods of low inflation rates, suggesting tihat Phillips curve is a non-linear function of et
inflation. The paper from Cufiado & de Gracia (2008) therefore provide a very interesting
comparison with our results for two reasons. Birstte will be able to compare the results reached
using two alternative methodologies: theirs basethe Phillips curve and ours based on a structural
VAR. Secondly, we will provide additional insightegarding the evolution of sacrifice ratios
dispersion over time using ten-year rolling estesatwhich will provide a useful test for their
hypothesis of a non-linear ouput-inflation tradé-of

However, Ball (1994) points out several shortcomimg the Phillips curve approach: the output-
inflation trade-off is assumed to remain constanbighout the business cycle (i.e. assumed tode th
same during disinflation and accelerating inflatggnsodes). This approach also constraints theubutp
cost of fighting inflation to be the same for alkidflations during a given time series. These

assumptions are not consistent with recent thealeind empirical macroeconomic insights

In light of the Phillips curve limitations, Ball 994) proposes a methodology based on a specific
identification of disinflation episodes, obtaineglbcating "peaks" and "troughs" in the inflatioerd
(defined as a centred nine-quarter moving averagectual inflation). He then calculates the
cumulative output loss (i.e. the sum of output gap®er each predefined episode, and obtains in this
manner an estimate of the sacrifice ratio for edismflation. These estimates range from below O to
about 3.5%, with an average close to 1.4% (i.e.mbower than previous estimatésBall's approach

to constructing sacrifice ratios has generated mafipements and applicatidhsut this episode-
specific method, like early estimates based orliphiturves, is not devoid of limitations. Cecchétt

Rich (2001) criticize Ball's approach for assumiagh disinflation episode to be generated only by a
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monetary policy shift and for neglecting the impatsupply shocks and other demand shocks (such
as money demand shocks or fiscal shocks) on thavimlr of inflation and output during these
disinflation episodes. The sacrifice ratio estirmateuld thus be biased, i.e. they could constitute
noisy measure of the effects of monetary contracttwrthermore, Cecchetti & Rich (2001) take issue
with Okun's (1978) and Gordon & King's (1982) mdidgl approach for their incapacity to
distinguish between those monetary policy imputsssilting from a true shift in policy and thosettha
simply reflect an endogenous response to changimiaconomic situation. This kind of breakdown
between exogenous monetary policy shocks and endageauthority reactions is yet essential in

order to correctly evaluate the real effects oindligtion.

That is why Cecchetti & Rich (2001), relying on Cketti (1994), construct sacrifice ratio estimates
based on structural VAR models: this approach gerrfie derivation of a distinction between
structural supply shocks and structural demandkshasbove all, it enables the effects of monetary
policy to be broken down into a systematic compo@aen a stochastic component. The former can be
considered as a reaction function that describegdbponses of the monetary policy authorities to
fluctuations in some variables, while the lattentadns actions from the central bank that can't be
explained by the reaction function (i.e. monetaoliqy shocks). The aim then is to estimate the
impact of these monetary shocks on both output iafidtion. In computing cumulative impulse
response functions for a given time horizon (prestinto be five years), Cecchetti & Rich (2001)
obtain estimates of U.S. sacrifice ratios over pleeiod 1959-1997 that range from around 1% to
nearly 10%. Their estimates seem to be highly seadb the VAR model specification, a conclusion

that many other studies using the structural VARIeliing approach have since confirmed.

In our case specifically, this method catches dten&ion since the aim of this paper is to draw
comparisons both across countries and over tinemables us especially to calculate rolling estimat

of the sacrifice ratio in order to better evaludue evolution of this indicator.



3. Structural VAR M ethodology

Two procedures for estimating the sacrifice rappesar to have won favour recently: on the one hand,
the methodology introduced by Ball (1994), whicha@la calculating the output cost of fighting
inflation on previously-identified disinflation egpdes; and on the other hand, the structural VAR

modelling approach in use since Cecchetti (1994).

The choice between these two methods depends oputip®se of the study. Ball's methodology
delivers simple and meaningful estimates of theifgae ratio, appropriate when isolating inflation
and output dynamics during specified disinflatigmsedes and when analysing the determinants of the
output cost of inflation decreases. Nevertheléssnly provides point estimates of the sacrificeora
calculated for particular and country-specific dikitions, thereby making it difficult to draw
conclusions from sacrifice ratio dynamics or framernational comparisons of estimates. Moreover,

Ball's methodology doesn't permit the effects ohatary policy shocks to be isolated.

Since the aim of this paper is to study sacrifiagos dynamics within the euro area over the past
thirty years and examine whether the gradual caiomsards a common monetary policy has triggered
a process of convergence in these ratios, Ceceh@t®94) structural VAR modelling approach would
seem to be more appropriate, since it providesuamterrupted" estimate of the sacrifice ratio. The
potential instability of results depending on modekcifications (as reported in many empirical
studies) naturally constitutes a drawback to tpisreach, and this feature will be taken into actoun
by choosing the same model specification for eachiry within the euro zone. Our analysis thus lies
along the same lines as recent empirical stud@s fCecchetti (1994), Cecchetti & Rich (2001), or

Boone & Mojon (1998).

We start with the following bivariate unrestrictédctor Auto Regression (VAR) model:
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wherey, is the log of GDP at time t7; the inflation rate between time t-1 and time tresged on an

annual basis, ang, = [,utl,utz] the vector of innovations, which contains the $isahat affect the

vector of endogenous variable§ = [Ayt,Aﬂt] attime t.

It is assumed thay, =iid N(0,X), where 2. (variance-covariance matrix of the innovation vecto

is a diagonal matrix.

In this unrestricted representation, the innovatigg and g can't be ascribed any economic

interpretation. Since the purpose here is to eitiplievaluate the impact of a demand shock on both

inflation and real GDP, we must link the unres&itV AR model to its underlying structural form.

That's why we seek to estimate the following strradt VAR model, as extracted from Cecchetti

(1994):

Ay, :Zblil.Ayt_i +b%, AT +Zb1iz-A7Tt_i vey
i=1 n I? t=1..T (2)
ATt = b)), Ay, +Z:b'21.Ayt_i +zb|22'A77i-i rer

i=1 i=1
where &, = [gty,gt”] is the vector innovation process, which contaimesghocks to aggregate supply

g’ and aggregate demamf . The demand disturbance is assumed to be a mprsétack: this quite

restrictive assumption is the natural counterphth® choice of a simple bivariate VAR model instea

of more complicated models, which are found in @etit & Rich (2001) to generate a very high

imprecision in the sacrifice ratio estimatedt is also assumed that, =iid N(0,Q), where

Q (variance-covariance matrix of the vector innovafiwocess) is a diagonal matrix.



Considering the structural disturbances as exogeratiables and applying Wold's decomposition
theorem yields the infinite Vector Moving AveragéMA) representation of the structural model,
which will allow us first to compute the system iofge responses to structural shocks and thus to
estimate sacrifice ratios:

Ay, = Zail'gty—i +Za£2-5£i
= = t=1..T (3)

00

— i y i m
Am - Zazrgt—i + Zazz'gt—i
i=0 i=0

In order to move from the reduced model form in fd)the structural representation (2), a set of

identification rules is required. To derive estiembf the effects of structural disturbaneg’s and
&, we must assume that the vector of innovatippsis a linear combination of the simultaneous

structural shocks, . Furthermore, the structural shocks are presumée uncorrelated and have unit

variances, which translates in€d = | , wherel is the identity matrix. To complete the identifioa

of the structural VAR model, we must adopt addaioassumptions regarding the value of n.(n-1)/2
parameters (where n is the number of endogenouables). In our case, n = 2; we thus need one
"identifying restriction", which can be taken franonomic theory.

Following Blanchard & Quah's (1989) empirical wa% well as Cecchetti & Rich's (2001) estimates

of sacrifice ratios, our additional identifying téstion is that aggregate demand shocks (denated a

& up until now) have no permanent effect on thellefeeal GDP, unlike aggregate supply shocks

(&)). In other words, the cumulative long-run effetaalemand shock on real GDP is assumed to be

zero. Going back to the VMA representation from atnuctural VAR model (3), the long-run
identifying restriction can then be written as:

2.8, =0 @)

i=0
We are aware that long-run neutrality of money iguastionable hypothesis: several theoretical as

well as empirical papers focusing on the euro &g shown recently that monetary policy should



have an effect on potential output due to "hystetesffectS. That is why we also try an alternative
identifying assumption to distinguish between thppy and demand shocks: we assume that demand
shocks do not have an instantaneous effect ontigrilaunlike supply shocks. In other words, the
contemporaneous effect of a demand shock on ioflais assumed to be zé&rdlhis short-run

identifying restriction translates into:

a2, =0 (5)

Under the (quite restrictive) assumption that thgragate demand shocks identified in the structural
VAR correspond to shifts in the stance of monefaoslicy, an estimate of the sacrifice ratio can be

obtained rather easily using the VMA representaf®yn Computing the impulse response functions
yields estimates of parametea , a;,, a,, and a,,. These coefficients will allow us to calculate the

sacrifice ratioS(7) over a given time horizon

The denominator of this ratio is the cumulativeafieffect of a monetary policy sho&" undertaken
at time t on the inflation rate level at timertwhile the numerator of the sacrifice ratio woilel
defined as the cumulative output loss between tinaesl t+ following the same monetary shoek :

it is not just the cumulative effect of this didiance on the real GDP level at time,tbut the sum of
its effects through the first periods as well. The sacrifice ratio can thusmately be written as a

function of the time horizomn, and computed as follows:

S(r) = =2 = (6)
CINEV I
i=0

ALY Z(alj

This statistical definition perfectly matches titerbl one given previously: the sacrifice rationda
fact be seen as the cumulative impact on GDP léwsh a monetary policy shock that would

eventually reduce inflation by one percentage ploéttveen times t andt+
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4. Empirical Results

4.1. Preliminary Data Analysis
The purpose of this paper is to estimate a saenfitio for each of the twelve EMU countries oves t
period 1972:1-2003:4, which would allow us to eeduthe degree of structural dispersion among
these countries. We use quarterly data on real sGomsmestic Product (GDP) and inflation rate,
defined as the annual growth rate of the Consurriee fhdex (CPI). GDP data have been converted
into logarithms (and denoted LGDP). Appendix Alalidges these data in further details.
A preliminary stationarity analysis of the seriesrfelograms, Augmented Dickey-Fuller (ADF) and
Phillips-Perron tests) suggests that real GDP afidtion rate are both I(1) processes (i.e. reaPGD
and inflation rate both contain a unit root) in leat our twelve countries. In other words, it apgea
that neither of the two series is stationary. Timding provides support for the definition of sifice
ratio as well as for our model specification. Thendminator of the sacrifice ratio does in fact
correspond to the cumulative effect of a monetanck on the inflation rate: in order to avoid aaer
denominator, deviations in the inflation rate fra® initial level must be permanent (i.e. not just
transitory). Moreover, our long-run identifying testion requires non-stationarity of the real GDP
series, since we are assuming that the aggregapdysshock exerts a permanent impact on the output
path. Lastly, real GDP and inflation are assumecbtttain a unit root within our specification madel
this assumption perfectly suits our data.
That's why our structural VAR models are constrdetgh both the quarterly change in the log of real
GDP (first difference of log real GDP, denoted DL&and the quarterly change in annual inflation

rate (first difference of annual inflation ratendéed DINF).

4.2. Sacrifice Ratios Computations and Sub-Period Analyses
The first step in our estimation procedure entefleosing the optimal lag length in each country's
VAR model; this lag length must be sufficient tongeate a vector of white-noise innovations, yet
must not be too high with respect to our samplgtlerfonly 128 quarters in each country). For this

choice, we make use of both information criterikdke and Schwarz criteria) and likelihood ratio
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tests (starting with a maximum of 12 lags and ttessting whether or not the last lag is significant)
The various criteria suggest that four lags arédotaken for each of the twelve countries, which
would seem reasonable given the sample length atad fctequency. This result also appears to be

consistent with the theoretical lags in the infleeof monetary policy on output and prites

Another preliminary remark must be forwarded befarming our attention to the calculation of
sacrifice ratios: in order to take into account ¢ffects of German reunification, a dummy variable
introduced in the German system over the periodl199991:4. We have also added exogenous
variables in order to take into account the infeeof the external environment. More precisely, we
use two exogenous variables: the change in theddl&r price of oil and the change in the nominal
exchange rate versus the dollar (e.g. in the Frew8R model, we have used the franc/dollar

exchange rate until 1999, and the euro/dollar exgbaate since then).

The second step in our estimation procedure cansfstomputing the impulse response functions of
the system to both a supply shock and a demandshibe impulse response functions reached using
the long-run identifying restriction are reportedippendix A2.

Aggregate supply shocks carry the series of GDR/lrand inflation variation in opposite directions
over the short run. Moreover, the cumulative impukssponse functions show that the effect of such a
shock on real output is permanent, while the effacttthe inflation rate varies depending on the
country: for some countries (Austria, France, Genyn&reece, Luxembourg and the Netherlands) the
cumulative effect may prove to be permanent andatneg while for others (Belgium, Finland,
Ireland, Italy, Portugal and Spain) it may be asitory negative effect offset thereafter by ataitién
acceleration linked to the simultaneous output gnaaeceleration.

As for aggregate demand shocks, presumed to betamgrmmlicy shocks, our identifying restriction
precludes any long-run effects of such disturbameeseal GDP. Besides, aggregate demand shocks
have permanent effects on the inflation rate. Gnwhole, the impact of monetary policy shocks on

the output path and inflation seems to be congistéh our definition of a sacrifice ratio.
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The last step in our procedure then calls for datmg sacrifice ratios using the empirical
methodology explained in Section 3. Table 1 prestrg estimates of these sacrifice ratios for & tim
horizon set at five years in each EMU member cquntihen the long-run identifying restriction

suggested in Blanchard & Quah (1989) is employed.

Table 1. Sacrifice ratios in the euro area over the whelgoa (for a time horizon set to 5 years)

1972:1 - 2003:4

Austria 0,50014
Belgium -0,02035
Finland 0,22811
France 0,46404
Germany 0,75666
Greece 0,6095
Ireland 0,63086
Italy 0,46701
Luxembourg 2,06767
Netherlands 0,35528
Portugal 0,396
Spain 0,35907
Average 0,5678
Standard deviation 0,5131

Table 1 first reveals that the sacrifice ratiorasties are positive over the entire period 1972-2003
each country (except for Belgium), which indicathe presence of a short-run trade-off between
output and inflation. It may be observed that tinectural VAR methodology employed in this paper,
unlike Ball's (1994) episode-specific techniqueads to estimates of a linear combination of a true
sacrifice ratio during disinflations and a “benefdtio” (according to Cecchetti, 1994) during
accelerating inflation episodes. The informatiomteat from episodes during which inflation and
output increase following a positive monetary pplghock is indeed as useful as any disinflation
episode can B&

Moreover, our estimates of European sacrifice satice, on average, lower than those derived by
Cecchetti & Rich (2001) for the U.S. using the samedel specification. For example, our

computations suggest that a one-percentage-pombigpent reduction in the yearly inflation rate
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entails a 0.46% cumulative output loss in Francser @ five-year time horizon. Our results are
however very close to those reached by Cufado &mdeia (2003) with a Phillips Curve approach
over the extended period 1960-2001.

The sacrifice ratio estimates seem reasonablyairadross euro area countries over the whole sample
period. In eight of the twelve cases, the sacrifat#o lies within a range between 0.35 and 0.63%.
Only Germany and Luxembourg have higher sacrifitios, while Finland and Belgium exhibit lower
values (almost zero, yet negative in the case (iéa).

Lastly, we can compare these results with thosehexhusing bivariate structural VAR models with
the short-run identifying restriction to evaluate tobustness of our results to the specificaticihe
model. Results are reported in Appendix A3. It @ppdhat the estimates of EMU sacrifice ratios are
somewhat higher when the short-run constraint ipleyed, which is perfectly consistent since the
cumulative effect of the monetary shock on the G&®RI is not compelled to be nil in the long-run

any more.

A sub-period analysis however shows considerabtiabitity in sacrifice ratios both over time and
across countries. The whole period has been splie into two sub-periods corresponding to
dissimilar economic conditions. The first one (1972993:4) exhibits sizeable fluctuations in
inflation rates during a high inflation regime: thds an inflation acceleration following the oifiqe
shocks of 1973 and 1979, and then a fast disioflaiihe second sub-period (1994:1-2003:4) pertains
to a low inflation-variability period, with slow siinflation during a low inflation regime, which
illustrates the effects of the Maastricht Treaty #me move towards the EMU. Figures 2 and 3 display
these striking trends in the average euro areatiofl rate and national inflation rates dispersigar

the period 1972-2003.
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Figure 2. Average inflation rate within the euro area over period 1972-2003
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Figure 3. Standard deviation among euro area national ioflaates between 1972 and 2003
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Table 2 provides evidence on significant differentethe sacrifice ratio estimates over the two-sub
periods. On average, sacrifice ratios are muchenidhring the second sub-period (1994-2003) than
during the first (1972-1993), while inflation ratekearly decrease. This finding would suggest the
existence of a negative relationship between therame level of inflation and the output cost of
disinflation: this relationship has been emphasirednany early studies, such as Ball (1994),
Andersen & Wascher (1999) and Cufiado & de Gradl@32 This observation is also consistent with
the results reached using the short-run identifyiestriction, displayed in Appendix A3. We will

focus specifically on this point in the subsequiistussion.
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Sub-period estimates also show quite consideralffierahces in sacrifice ratios among European
countries, and the standard deviation associatéd saicrifice ratios estimates clearly increasesfro
the first sub-period to the second.

Nevertheless, it must be noted that two out ofttlelve countries exhibit negative sacrifice ratios
over each sub-period (yet often very close to z€Fh)s result is rather disturbing and suggests tha
disinflation can imply a gain in output or, conways that an increase in inflation rate can invaive

output loss.

Table 2. Sacrifice ratios in the euro area over the sulmgsr(for a time horizon set to 5 years)

1972:1-1993:4 1994:1 - 2003:4
Austria 0,26187 2,31753
Belgium -0,13056 0,40801
Finland -0,00832 0,35287
France 0,5226 1,30708
Germany 0,98923 0,92066
Greece 0,60499 -0,38867
Ireland 0,57673 -0,00542
Italy 0,43662 0,37499
Luxembourg 1,60656 4,37024
Netherlands 0,25109 3,20054
Portugal 0,01349 0,89562
Spain 0,21989 0,8984
Average 0,4453 1,2210
Standard deviation 0,4805 1,4004

Finally, the calculation of standard deviationsogsrEuropean sacrifice ratios over sub-periodsatann
provide evidence of a convergence process withenetro area. In order to analyse with greater
precision the dynamics of sacrifice ratio disperswithin this area, we construct ten-year rolling

estimates over the period 1972-2003.

4.3. Rolling Estimates of the Sacrifice Ratio

The first step in this procedure is to estimata@ifice ratio for each country over each ten-yaar-

period. The first estimate refers to the period2t871981:4, and the sacrifice ratio obtained using
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bivariate VAR model with the long-run identifyingstrictiort for a five-year horizon is given at the
date 1981:4. Similarly, the result for the date Z%8consists of the sacrifice ratio estimate ower t
period 1972:2-1982:1. We proceed in this way uh#l period 1994:1-2003:4, with the result reported
in 2003:4. A measurement of the sacrifice ratithexefore obtained for each quarter over the period
1981:4-2003:4.
The second step then seeks to evaluatesitirea-convergence (o-convergence) process using the
standard deviation of sacrifice ratios across aesias a dispersion indicator. This step lead®us
computing the average euro area sacrifice ratiotamdtandard deviation across European countries
for each quarter over the period 1981:4-2003:4urfféigt displays the trends in these two indicators
within the EMU.

Figure4. Average and standard deviation of European seeniftios,

obtained using ten-year rolling estimates
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A detailed analysis of these trends would appeantail two main findings.

Conclusion 1: Arecent increasein the euro area average sacrifice ratio.

Figure 4 confirms and refines the trend in the agersacrifice ratio suggested by means of subgberio
analysis: this average ratio decreases until 1888jing from 1.0 in 1981:4 (an estimate over the
period 1972:1-1981:4) to -0.80 in 1993:2 (an edstim@ver the period 1983:3-1993:2), and tends to

increase since.
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The fall in the average sacrifice ratio observetil 1893 may be tied to people's inflation expdotad

and central bank credibility, two factors identifiey Fuhrer (1995) as key determiners of the output
cost of fighting inflation. In the beginning of tieéghties, European national central banks enteted

a disinflation process with a low degree of crddihiwhich slowed inflation adjustments: the impgt
remained oriented around asking for high nominajevancreases in order to maintain the same real
wages. Lucas (1973) and Sargent (1983) show tlehtlsehaviour generates high inflation persistence
and therefore huge output costs of disinflationiques. Being committed to and then succeeding in
curbing inflation, central banks invested in crddip and inflation expectations were gradually
adjusted. As a result, disinflation proved to besland less costly, which translated into a deergas
the sacrifice ratio.

However, once the monetary authorities had acqutdxstantial credibility and inflation seemed on
the way to being curbed (as appeared to be theicd$93 in almost all European countries), we may
properly assume that a switch in the key determahsacrifice ratio has taken place: the inflatio
level appears to have driven the output cost ahfilidions since then, as theoretical and empirical
studies such as Ball et al. (1988) or Akerlof et(24096) suggest. When the initial inflation level
already rather low, a reduction in the inflatiorterddy an additional one percentage point becomes
increasingly costly, given that inflation persistenincreases (especially because firms lengthen the
period between price adjustments, wage indexatodg to be rare, and the duration of wage and
other contracts increases). The rise in euro aedfise ratios since 1993 most probably stems from

this phenomenon.

Conclusion 2: No evidence for the convergence of euro area sacrifice ratios.

The trend in the standard deviation across EMUifgaerratios does not indicate a reduction in their
dispersion: no evidence obaconvergence process at work can be identfied

Nevertheless, the decade from 1993 to 2003 has stemmy nominal convergence enforced by the
Maastricht Treaty criteria: the adjustment of nadibinflation rates in fact constituted a preredeito
participation in the EMU launched in 1999. Thisuadly translated into a narrowing of the gap

between national inflation rates over the perio@3t2999, as indicated in Figure 3. As a result, the
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divergence of sacrifice ratios among EMU countidéserved since 1993 cannot be explained by
inflation differentials, nor can it stem from hud#ferences in the credibility of monetary authiest
particularly since 1999 (i.e. since the creationhef ECB). Consequently, persistent differencethién
output cost of fighting inflation could certainlyebexplained by structural disparities, especially

differences in wage and price rigidities on Eurapesarkets.

5. Conclusions

Computing sacrifice ratios for the twelve euro aceantries and analysing their dynamics over the
period 1972:1-2003:4 would suggest two main conchss

First, the level of inflation seems to play nowaslan essential role in the output cost of fighting
inflation: the sacrifice ratio appears to be pattidy high within a low-inflation environment. Tdi
result is perfectly in line with the findings re&chin recent theoretical and empirical studies|(Bal
al., 1988; Ball, 1994; Akerlof et al., 1996; Andemsand Wascher, 1999; Cufiado and de Gracia, 2003;
Zhang, 2005). It also proves to be quite a robesult despite the instability in sacrifice ratio
estimates. Besides, the negative relationship letwiee inflation level and the value of the saceifi
ratio in conditions of low inflation can be seen awther justification for the clarification of the
ECB's monetary policy strategy that was announgeday 2003: the ECB's Governing Council made
clear that, in the pursuit of price stability, itr& to "maintain inflation rates below, but close 2%
over the medium term" (European Central Bank, 2Q0379). This clarification appeared as an
explicit recognition of the risks and costs assedawith a zero inflation target. The ECB identifie
four potential arguments for tolerating small pesitinflation rates: the risk of deflation, the
possibility of an upward measurement bias in tHkation rate, the presence of downward nominal
rigidities in prices and wag¥s and finally the existence of structural inflatialifferentials. Our
results provide an additional argument for smaBitiee inflation rates, since they indicate that an
objective of perfect price stability should giveaito huge output costs

Second, our results suggest that the nominal cgewee observed since 1993 did not trigger a true
convergence process of European sacrifice ratiodowing Boone & Mojon (1998), i.e. using the
comparison of these sacrifice ratios as an indic&to structural proximity, we cannot provide
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evidence of a reduction in structural differencemag EMU countries. More precisely, differences in
European sacrifice ratios could partly come frofifiedences in European goods and labour markets.
Many empirical studies, such as Ball (1994), shioat tvage rigidity is an essential determinant ef th
sacrifice ratio. Recent macroeconomic comparisohsEaropean countries precisely emphasize
remaining differences in nominal wage rigiditiessulting from disparities in wage-setting instibuis
(frequency of wages adjustment, degree of indematignchronisation of adjustment across sectors).
These disparities may still remain for a long tinmplying persistent differences in European
sacrifice ratios. Such differences are likely tiseaan important issue within the single monetary
policy framework, since they imply that the samenetary impulse should entail various reactions
from one country to another.

Nevertheless, our results do not allow for a qdigation of the relationship between labour market
rigidities and the output cost of fighting inflatio Future research should try to assess with more
precision the influence of remaining disparitiesamen European labour markets in the dispersion of

sacrifice ratios.
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Appendix Al: Description and Preliminary Analysis of the Data

We construct sacrifice ratios estimates from stmadt VAR models using quarterly inflation and

output data for the twelve EMU countries over tample period 1972:1-2003:4. Inflation is measured
by the annual growth rate of the Consumer PriceXr(€CPI). For output, we use real Gross Domestic
Product (GDP), in 1995 U.S. dollars expressed irclrasing Power Parity (PPP). These series are

extracted from th®©ECD Economic Outlook

A preliminary stationarity analysis of the series éessential. Standard stationarity tests are
implemented: Augmented Dickey-Fuller (ADF) testat@duced in Dickey & Fuller, 1981), and
Phillips-Perron tests (Phillips & Perron, 1988)r Each country within the euro area, the seriggaif
GDP and inflation rates prove to be non-statior{aey variables contain a unit root). These finding
are indeed consistent with our model specificattbe:first differences of real GDP and inflationera

can be introduced into our VAR model, which regsiiséationary variables.

Since we have shown that both real GDP and inflatibe contain a unit root, we must also check that
these two series do not cointegrate. In orderr&smthe cointegration hypothesis, we employ the
methodology and tests proposed in Engle & Grandg8%). Computation of the CRDW
(Cointegration Regression Durbin Watson) statiasociated with the cointegration relation, as well
as the use of ADF tests on the series of estimatgduals, leads to the same result in each olvavel
euro area countries: we cannot reject the null thgms of non-stationarity. In the end, real GDB an
the inflation rate clearly do not cointegrate. V@ oiote that this finding reinforces the key idigimi
restriction from our structural VAR model, which pires that monetary policy shocks do not exert

permanent long-run effects on the real GDP level.
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Appendix A2: Cumulative Impulse Response Functions of Bivariate Structural VAR

Models over the Period 1972-2003
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FRANCE
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IRELAND
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NETHERLANDS
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Appendix A3: Resultswith a short-run identifying restriction in our bivariate SVAR

1972:1 - 2003:4 1972:1-1993:4 1994:1 - 2003:4
Austria 1,19266 1,06486 4,16593
Belgium 0,94466 0,64578 -1,78837
Finland 0,53685 0,50535 2,38611
France 1,49168 1,36303 2,33001
Germany 1,23477 1,11272 -2,29423
Greece 0,37302 0,38398 7,67982
Ireland 0,811838 -7,94239 9,93875
Italy 0,52069 0,55895 0,66125
Luxembourg 2,8273 1,0876 1,3602
Netherlands 0,67632 0,5465 -3,26618
Portugal 4,93517 6,43298 2,05215
Spain 0,38437 0,3352 0,78658
Average 1,3274 0,5079 2,0010

Standard deviation 1,3222 3,1381 3,8663
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Notes

We are indebted to two anonymous referees for liisigcomments. We also wish to thank the partictpaat
seminars at the 22 Symposium on Banking and Monetary Economics (Fea®trasbourg, June 2005) for

helpful comments on a earlier version of this paper

! Two key comments need to be made regarding thitiei of a sacrifice ratio. First, this ratio i®t a
measure of the net cost of disinflation: it doesta&e into account the long-term benefits assediatith lower
inflation. Second, the output cost is only one asibng others resulting from disinflation, as Fl@a(1998)
notes. Recessions associated with large inflagoluctions not only lower GDP but also induce ottests that
are much more difficult to measure: personal cbetsie by the unemployed, failed businesses, odaning of
the income distribution.

2 As Filardo (1998) notes, Okun's (1978) empiricatks, as well as Gordon & King's (1982), are basedhe
implicit assumption of a linear Phillips curve, assumption that is quite restrictive and questimalve will
see later on that this assumption of linearityl§® ane of the limitations of the structural VAR tmedology.
However, unlike the Phillips curve approach, suat modelling allows for a distinction between ggoous
shocks and endogenous reactions of the system.

% Ball (1994) applies his episode-specific methodglto 19 OECD member countries using annual da& ov
the period 1960-1991, and then to a sub-groupafftBese countries using quarterly data over theesperiod.

* See, for example, Jordan (1997), Neely & Wall&9() or Zhang (2005).

®> As emphasized by an anonymous referee, assumindeimand disturbance to be a monetary shock for the
considered period is a strong assumption. Howegvrefiminary attempts using a three-variable moalgding
the short-term nominal interest rate) have readchedsame conclusions as with our bivariate modesidis,
Cecchetti & Rich (2001) however show that the ingmien in sacrifice ratio estimates increases with
number of endogenous variables. For these reasems;goncentrate solely on a two-variable system, and
associate shifts in monetary policy with the aggteglemand shock.

® Demand shocks, especially monetary policy shastisuld distort the path of potential output andsthave an
impact on the Nairu (Non-Accelerating Inflation Ratf Unemployment). In the case of EMU countriesgéay

& Tober (2006) stress the dependence of the Nairacual unemployment, which entails the existeoice
"hysteresis effects". This hysteresis phenomengiiés the possibility of a long-run non-neutralitmonetary

policy, as described in Ball (1999), Ball & Mank{z002) and Zhang (2005).
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" This assumption is also questionable since we hawmeterly data: several recent empirical studiggyest that
monetary impulses would affect the inflation ratéhwva lag of two to three months in the euro area.

8 We should note however that the hypothesis of ipgmal lags has proved relevant in some caseishvib
why the VAR models have also been estimated usuegldgs. Results are not reported here, but theykse
to those obtained using four lags, which attest ¢ertain amount of robustness in our results.

® Impulse response functions obtained with the shartidentifying restriction are available upon uegt from
the authors. The responses of inflation and outpihe supply shock are in line with those reachsidg the
decomposition proposed by Blanchard & Quah (198®wever, the cumulative response of output to the
demand shock appears to be significantly positivemiost countries, which would entail the existemée
"hysteresis effects".

19 Provided that we assume symmetry in the real shoreffects of monetary policy, i.e. equivalenegvieen
the positive effects of monetary expansion and tiegative effects of restrictive monetary policy.isTh
guestionable assumption represents one of thealiomits inherent in the VAR modelling approach.

1 1f we employ the short-run constraint describedvah we get higher estimates of the average seefiéitio as
well as higher values for their standard deviatidowever, the evolution of the average sacrifid@rand the
dynamics of the standard deviation of rolling esties over the period 1972:1-2003:4 are very sintdathe
conclusions reached with the long-run constraint.

12 \We have also used other indicators to evaluat@léiyeee of dispersion within euro area sacrifit®sathe
simple spread (which measures the difference between the higiedtiowest estimates of the sacrifice ratio at
each date), or thgpread between the average of the three countries wighhtghest and lowest sacrifice ratios
(in order to adjust for the sensitiveness of tinepé spread to outliers). Results are not repdreedin, but these
two alternative dispersion indicators broadly eihibe same behaviour as the unweighted standanctam:
there is no clear evidence of a decrease in thledioon of sacrifice ratios.

3 Many theoretical and empirical studies, such asrfsk et al. (1996, 2000), show that a moderatelled
inflation could provide some "grease" to the pace wage setting process.

14 Of course, our findings say nothing about the roptirate of inflation, since we only analyse thersierm
output costs of fighting inflation. Further empaicanalysis should try to balance more precisety riflative

costs and benefits of a zero inflation target vessmall positive inflation rate.
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