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Résumé : Nous évaluons dans cet article la stabilité de la vitesse de circulation de M3 dans la

zone euro. Pour cela, nous appliquons à cette série une batterie de tests et concluons à la présence de

plusieurs ruptures structurelles dont une serait située en 1992-1993 et l�autre en 2000-2001. Ces ruptures

a¤ectent tant le niveau que la pente de la vitesse de circulation. Dans un second temps, nous estimons un

modèle de vitesse de circulation dans la lignée des travaux d�Orphanides et Porter (2000). Nous trouvons

également des signes d�instabilité dans cette relation d�équilibre. Etant donnée l�importance de l�hypothèse

de stabilité de la vitesse de circulation, non seulement dans la détermination de la valeur de référence de M3

mais encore dans la stratégie de politique monétaire de la BCE, la présence de ruptures structurelles dans

l�évolution de la vitesse de circulation soulève quelques interrogations quant à la pertinence des indicateurs

d�excès de liquidité directement dérivés de la valeur de référence et appelle à des ajustements dans la

conduite de la politique monétaire unique.

Mots-clefs : Vitesse de circulation de M3 ; Tests de rupture ; BCE.

Codes JEL : E30, E50.

Abstract: We investigate the stability of M3 income velocity in the euro area. We apply a set of

breakpoint procedures to examine this issue and conclude that at least one structural change occurred

around 2000-2001. We also �nd evidence of another structural break around 1992-1993. These two breaks

seem to a¤ect both the level and the slope of the income velocity of M3. We then estimate a model of

equilibrium velocity that factors in the opportunity cost of M3, along the lines suggested by Orphanides

and Porter (2000). Here again, we �nd some evidence of instability in equilibrium velocity. Given the

importance of the assumption of stable velocity trends for both the derivation of the reference value and

the two-pillar strategy of the Eurosystem, these �ndings question the relevance of some excess liquidity

indicators directly computed from the reference value and may call for some adjustments in the conduct

of the ECB�s monetary policy.

Keywords: M3 velocity; Breakpoint tests; ECB.

JEL classi�cation: E30, E50.
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Résumé non technique

Les évolutions récentes de la vitesse de circulation de M3 dans la zone euro nous conduisent à

nous interroger sur l�un des fondements du pilier monétaire de la stratégie de politique monétaire

de la BCE. En e¤et, depuis 2001, la croissance de M3 a dépassé de façon systématique sa valeur de

référence, i.e. le taux de croissance monétaire compatible avec la stabilité des prix, tandis que, dans

le même temps, l�in�ation dans la zone euro s�établissait à un niveau proche de 2% en moyenne.

Ces évolutions paradoxales soulèvent la question de la stabilité de la vitesse de circulation de M3

dans la zone euro.

Nous analysons cette question en considérant, dans un premier temps, les propriétés statistiques

de la vitesse de circulation de M3 et de M3 corrigé des mouvements de portefeuille. Nous concluons

que ces deux variables ne sont pas stationnaires autour d�une tendance déterministe, autrement

dit que les chocs a¤ectant la vitesse de circulation de la monnaie dans la zone euro sont de nature

permanente plutôt que transitoire. Ensuite, nous appliquons à ces séries une batterie de tests de

racine unité robustes à la présence d�une rupture de tendance ainsi que la procédure développée

récemment par Bai et Perron (2003). Nous concluons à la présence de plusieurs ruptures struc-

turelles dont une serait située en 1992-1993 et l�autre en 2000-2001. Ces ruptures a¤ectent tant le

niveau que la pente de la vitesse de circulation.

Dans un second temps, nous estimons un modèle de vitesse de circulation tenant compte du coût

d�opportunité de M3, dans la lignée des travaux d�Orphanides et Porter (2000), et y appliquons à

nouveau la procédure de Bai et Perron. Nous trouvons également des signes d�instabilité dans cette

relation d�équilibre. Cette approche est complétée par des tests de coïntégration dont il ressort

qu�il est di¢ cile de conclure à l�existence d�une relation de long-terme entre la vitesse de circulation

de M3 et son coût d�opportunité, sauf dans le cas où les deux ruptures structurelles précédemment

mises en évidence sont prises en compte.

Au total, ces résultats tendent à montrer que la vitesse de circulation de la monnaie a connu

plusieurs changements structurels importants au cours des trois dernières décennies dans la zone
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euro. Par conséquent, l�existence d�une relation forte, stable et prévisible entre la monnaie et le

niveau des prix n�y semble pas garantie.

Les ruptures sont constatées à des périodes durant lesquelles on peut e¤ectivement s�attendre

à des chocs sur la vitesse de circulation de la monnaie : la déréglementation �nancière et la �n

de l�encadrement du crédit en Europe continentale dans le milieu des années 1980, les crises du

mécanisme de change européen au début des années 1990 et passage à l�euro à l�orée du 21ème

siècle.

S�agissant des implications de politique monétaire, nous considérons tout d�abord que ces

changements structurels doivent être pris en compte dans la détermination de la valeur de référence.

Deuxièmement, nos résultats nous conduisent à nous interroger sur la pertinence des indicateurs

d�excès de liquidité calculés à partir de la valeur de référence actuelle.

En�n, nos analyses, bien que très préliminaires à ce stade, tendent à monter une relative

instabilité de la sensibilité de la vitesse de circulation au coût d�opportunité de M3, avec un possible

accroissement de cette dernière depuis le début des années 2000. Cela risque de compliquer la tâche

du Conseil des gouverneurs de la BCE dans la mesure où ce dernier doit alors prendre en compte

l�impact de sa décision de politique monétaire sur l�évolution de la vitesse de circulation de M3 à

court-terme.
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Non technical summary

Recent developments in M3 velocity in the euro area have raised serious questions about the

reliability of M3 growth as a pillar of the ECB�s monetary policy strategy. In e¤ect, since 2001,

M3 growth has systematically exceeded its reference value, i.e. the level at which monetary devel-

opments are considered as compatible with price stability, while HICP in�ation has been around

2% on average. This apparent paradox leads us to investigate the stability of M3 income velocity

in the euro area.

We start our analysis by examining the statistical properties of the log-velocity of both M3 and

M3 corrected for the estimated impact of portfolio shifts and �nd that these variables are not trend

stationary, i.e. that shocks to velocity tend to be permanent rather than temporary. Then, we

apply a set of unit root tests, robust to the presence of a structural break, as well as the breakpoint

procedures developed recently by Bai and Perron (2003) to examine this issue. We conclude that

at least two structural changes occurred around 2000-2001 and 1992-1993. These two breaks seem

to a¤ect both the level and the slope of the income velocity of M3.

We then estimate a model of equilibrium velocity that factors in the opportunity cost of M3,

along the lines suggested by Orphanides and Porter (2000) and apply to it the Bai�Perron proce-

dures. Here again, we �nd some evidence of instability in equilibrium velocity. This approach is

completed by cointegration analyses which, in the end, provide no su¢ cient evidence to conclude

to the existence of a long-term relationship between log-velocity and the opportunity cost of M3,

but in the case we account for the two structural breaks evidenced before.

All in all, these results tend to show that fundamental changes in M3 velocity trends relative

to historical patterns have occurred in the past. Therefore, the existence of a strong, stable and

predictable relation between money and prices in the euro area cannot be taken for granted.

The breaks occur around events that one might expect would a¤ect velocity: the deregulation

of �nancial and money markets and the dismantling of credit rationing in several continental

European countries in the mid-1980s, the ERM crises in 1992 and 1993 and �nally the inception
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of the euro area at the beginning of the 21st century.

Regarding the monetary policy implications, we �rst argue that these permanent velocity shifts

should be made explicit in the derivation of the reference value.

Second, our results cast some doubts on the various measures of excess liquidity computed as

the gaps between M3 developments and its actual reference value in nominal or real terms.

Finally, our analysis, only tentative at this stage, tends to show that the sensitivity of the log-

velocity to the opportunity cost of M3 could have increased over the recent period, once structural

shifts are factored in. This could further complicate the task of the Eurosystem since the ECB�s

Governing council may need to take into account the impact of monetary policy decisions on

short-term developments in M3 velocity.
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1 Introduction

Recent developments in M31 velocity in Euroland have raised serious questions about the reliability

of M3 growth as a pillar of the ECB�s monetary policy strategy. In e¤ect, this pillar is grounded

on the existence of a stable, or at least a predictable, long-term relationship between money and

the price level.

However, since 2001, M3 growth has systematically exceeded its reference value, i.e. the level at

which monetary developments are considered as compatible with price stability. Meanwhile, HICP

in�ation has been around 2% on average, i.e. broadly in line with the Eurosystem�s de�nition of

price stability, despites major adverse supply shocks. This may suggest a weakening of the historical

link between money and prices in the euro area and would imply a decline in the predictive or the

information content of M3 for future price developments.

In order to investigate this issue, we focus on M3 income velocity trends and apply several

breakpoint procedures, in particular the newly procedure developed by Bai-Perron (2003) which

allow us to jointly test the existence of multiple structural changes. Then, in addition to the usual

trend component, we factor in the opportunity cost of holding money along the lines suggested by

Orphanides and Porter (2000).

Based on quarterly data from 1980Q1 to 2006Q2, we analyse velocity developments and �nd

some evidence of at least one structural break in trend velocity around 2000-2001. Another struc-

tural break is also detected by the procedures around 1992-1993, suggesting that money demand

functions display some signs of instability in the euro area. Since 2000-2001, the income velocity

of M3 has declined at a stable rate, close to 3.5%.

These results tend to show that fundamental changes in M3 velocity trends relative to historical

patterns have occurred and we argue that this should be made explicit in the derivation of the

reference value. Moreover, these results cast some doubts on the various measures of excess liquidity

computed as the gaps between M3 developments and its actual reference value in nominal or real

1For the de�nition of M3, please refer to http://www.ecb.int/stats/money/aggregates/aggr/html/hist.en.html#skipnavigation
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terms.

Section 2 of the paper brie�y reviews the framework of the Eurosystem�s monetary policy

strategy. Section 3 presents the main results of the tests for structural breaks in an univariate

framework while section 4 considers a bivariate framework that account for the opportunity costs

of holding money. Section 5 draws monetary policy implications and section 6 concludes.

2 M3 velocity, the reference value and the monetary pillar
in Euroland

On 13 October 1998, the Governing Council of the ECB announced the Eurosystem stability-

oriented monetary policy strategy based on three key elements: a) a quantitative de�nition of

price stability; b) a prominent role for money ("the �rst pillar of the monetary policy strategy");

c) a broadly based assessment of the outlook for future price developments ("the second pillar of

the monetary policy strategy").

The prominent role for money was signalled by the announcement of a reference value for the

growth of a broad monetary aggregate (M3). It was made immediately explicit that any deviation

of M3 growth would not trigger a mechanistic monetary policy reaction as the relationship between

money, prices and activity -summarised as the "income velocity of circulation" of money- may be

more complex and less stable in the short run. It was also mentioned that "an important challenge

for the monetary analysis undertaken by the ECB is to distinguish temporary changes in velocity

from permanent changes so that the information in monetary developments can be interpreted

appropriately" (ECB, 2001, p. 47-48).

This strategy was reviewed and clari�ed in May 2003, when the Governing Council emphasised

that the "monetary analysis" (the former "�rst pillar") will serve as a mean of cross-checking,

from a long-term perspective, the indications stemming from the "economic analysis" (the former

"second pillar"). Though this decision was interpreted by observers as a downgrading of the role of

money in the Eurosystem�s monetary policy strategy, money has nevertheless played a signi�cant
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role in the monetary policy decisions of the ECB since December 2005.

Monetary developments in the euro area are assessed with respect to the reference value for the

growth of M3, which has been maintained at the rate of 4.5% since December 1998. The reference

value is derived in a manner that is consistent with the Governing Council�s de�nition of price

stability (a year-on-year increase in the euro area HICP of below, but close to, 2%), a trend in real

GDP growth lying in the range of 2% to 2.5% and �nally an income velocity of M3 declining at a

steady rate of between 0.5% to 1% per year.

The Eurosystem�s monetary policy strategy2 relies on two crucial properties assigned to mone-

tary aggregates: 1- Indicator property, i.e. monetary aggregates, in particular M3, should contain

helpful information on future price developments; 2- Stability, i.e. M3 should exhibit a stable and

predictable relationship with the price level. This stability is generally assessed in the context of

money demand frameworks, which relate money to its long-run determinants such as real income,

interest rates and the price level. Figure 1 shows the relation between money, prices and activity,

as summarised by the income velocity of M3, over the whole sample period.

2Bordes and Clerc (2007) provide a detailed evaluation of the ECB�s monetary policy strategy.
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Figure 1

Income velocity of M3 in the euro area (log levels)
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Source: ECB - For the computation of M3 adjusted for the estimated impact of portfolio shifts, refer to Fischer

et al. (2006).

Figure 1 points to increasing signs of instability in this long-term relationship since mid-2001, as

featured by an apparent break in M3 trend income velocity. So far, the ECB has interpreted these

developments as signs of short-term instability, but only of a temporary nature, and considers that

the long-run equilibrium for money demand has not changed signi�cantly. The strong demand for

M3 seems to be linked to a heightened preference for liquidity induced by a prolonged period of

asset price volatility and of historically low interest rates. It is considered that �nancial, global

and economic uncertainties have led to huge portfolio shifts from the less liquid or riskier assets

to the instruments included in M3. Indeed, M3 velocity adjusted from the estimated impact of

portfolio shifts does not seem to deviate dramatically from its historical patterns up to 2004.3

While there are strong arguments for expecting that the short-term instability in M3 velocity

will be of a temporary nature only, the fact that this situation has not reversed since 2001 despite

considerable changes in the economic environment may also suggest that the apparent break is

3Buiter et al. (2006) analyse the construction of the portfolio shift-corrected series as an attempt to recover in
real time the low frequency component of headline M3 that is correlated with in�ation.
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more of a structural nature. Indeed, statistical evidence suggests that the unwinding of previous

portfolio shifts is almost completed now. In addition, the recovery in economic activity has not

led so far to a reduction in the decline of M3 income velocity, whatever the measure considered.

Rather, the income velocity of M3 has been declining steadily, at a rate close to 3.5% per annum,

since 2001.

Such developments raise several issues for the Eurosystem�s monetary policy strategy as the

two properties considered as relevant for the purpose of giving money a prominent role may be

challenged:

- Indicator properties: many indicators of monetary imbalances are directly derived from the

reference value. This is the case for instance of the nominal and the real money gaps. These indi-

cators should contain relevant information on future price developments and risks to price stability

over the medium to the long-run (Gerlach and Svensson, 2003). Instability in equilibrium veloc-

ity should therefore a¤ect their measurement and hence their information content and forecasting

abilities;

- Stability: the presence of shifts in equilibrium velocity implies that the relationship between

money and the price level is not stable and therefore not easily predictable. In such a case, it is

more di¢ cult for the monetary policy maker to exploit this relationship to attain its main policy

goal.

3 Testing for structural changes in the equilibrium velocity
of M3 - Univariate analysis

The derivation of the reference value for M3 is based on the "quantity equation", i.e. the rela-

tionship between monetary growth, in�ation, real GDP growth and change in velocity. Various

approaches were employed to derive the assumption for velocity of circulation ranging from simple

time trends to more sophisticated measures derived from money demand models (e.g. for example

Masuch et al., 2003).

Based on ECB quarterly data from 1980Q1 to 2006Q2, a simple linear trend model yields the
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following results:

log Vt = 0:521
(0:004)

� 0:0028
(7:1E�05)

t+ "t (1)

note: (standard deviation).

Once annualised, the trend coe¢ cient suggests a decline close to -1.1% per year, i.e. a little

more pronounced to that underlying the derivation of the reference value. In particular, monetary

developments in the euro area since 2001, in a context of subdued economic activity, seem to

have accelerated the trend decline of M3 income velocity over the most recent period. Both the

constant and the trend coe¢ cient are signi�cant at the 1% level. However, further econometric

analysis raises some cause for concerns.

First, the appropriate method to estimate the univariate trend depends on the time series

properties of velocity. The approach based on equation (1) relies explicitly on the assumption that

log-velocity is trend stationary. This can be assessed easily by running standard unit root and

stationarity tests. Table 1 presents some results for the log-velocity of both M3 and M3 adjusted

for the estimated impact of portfolio shifts.

Table 1. Unit root tests of log velocity
Variables ADF KPSS

log-velocity of M3: v -1.10 0.32**
�v -8.61** 0.22

log-velocity of M3 adjusted: vadj -1.76 0.26**
�vadj -8.55** 0.15

ADF: Augmented Dickey-Fuller t-test for unit root against trend-stationary alternative (1 lag based on AIC) or

level-stationarity in the case of di¤eriented variable; KPSS: Kiwatosky, Phillips, Schmidt and Shin test for trend-

stationarity against unit-root alternative; ** (resp. *) indicates failure to reject the null hypothesis at the 1% (resp.

5%) signi�cance level.

At a �rst sight, standard unit root and stationarity tests reject the assumption that M3 income

velocity is trend stationary. They also suggest that the linear trend model fares poorly compared to

a non stationary alternative. This implies that velocity deviations from trend are highly persistent
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and may suggest that shocks to velocity are permanent rather than temporary. However, such a

result may re�ect the impact of portfolio shifts on M3 dynamics.

But the same tests also reject the assumption that M3 adjusted for the impact of estimated

portfolio shifts is trend stationary.

Another possibility is that the trend is misspeci�ed, in particular if there is a shift in the data

generating process or a structural break in the trend component. Such a shift should be taken into

account since the ADF test may be distorted if the shift is ignored. We then consider a model of

the form:

log Vt = �0 + �1t+ ft (�)
0
 + xt (2)

where � and  are unknown parameters, the errors xt are generated by an AR(p) process with

possible unit root and ft (�)
0
 is a shift function. Lanne, Lütkepol and Saikkonen (2002) propose

unit root tests for the model (2) which are based on estimating the deterministic trend �rst by

a GLS procedure under the unit root null hypothesis and subtracting it from the original series.

Then an ADF type test is performed on the adjusted series which also includes terms to correct

for the estimation errors in the parameters of the deterministic part.

We assume that the break date is unknown and, as recommended by Lanne et al. (2002), we

pick the break date which minimises the GLS objective function used to estimate the parameters

of the deterministic part. In what follows, we consider a simple dummy shift function of the form:

ft = d1t =
0; t < TB
1; t � TB

(3)

More complex forms, based on the exponential distribution function or on a rational function

in the lag operator applied to the shift dummy d1t were also considered without any material

di¤erences as regards the main results presented in Table 2 below.
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Table 2. Unit root with one structural break
Variables Test statistic Suggested break date

log velocity of M3: v -1.46 2001Q1
log velocity of M3 adjusted: vadj -1.50 2001Q1

Critical values (Lanne et al., 2002).

The procedure detects a breakpoint in the �rst quarter of 2001 for the log velocity of M3.

Interestingly, the same date break is evidenced for the log of the income velocity of M3 adjusted

for the estimated impact of portfolio shifts, suggesting that this correction might not be su¢ cient

to consider that the actual deviation of log velocity to its historical patterns is only transitory and

due to a one-o¤ but long-lasting factor. Indeed, the tests do not reject the presence of a unit root

and leave open the possibility of multiple breaks.

One way to further investigate this issue is to test whether the parameters estimated in relation

(1) are stable. Model stability is of particular relevance as monetary policy has to act in a forward-

looking manner in order to maintain price stability. It is also a prerequisite for the de�nition of

the reference value. Hereafter, we implement the tests for parameter instability in linear models

developped by Hansen (1992).4 Table 3 presents the main results for M3 velocity.

Table 3. L-Stability tests : Log-velocity equation
Sample period Trend Constant Variance R2 Joint LC

1980Q1-2006Q6 -0.0028 0.524 0.0005 0.94 4.3**
(8.9E-05) (0.003) (8.7E-05)

Individual LC 0.67* 0.61* 2.94*
1980Q1-2000Q4 -0.0025 0.514 0.0002 0.95 2.0**

(6.9E-05) (0.028) (4.8E-05)
Individual LC 0.72* 0.54* 0.44

2001Q1-2006Q2 -0.0089 1.09 0.00003 0.98 1.0
(0.0001) (0.012) (1.7E-05)

Individual LC 0.17 0.17 0.19

* (**): Rejects stability at the asymptotic 5% level (1% level).

L-stability tests calculated on the full sample conclude that neither the trend, the constant nor

the variance are stable. Indeed, point estimates indicate substantial shifts over the periods under

review: in particular, the trend coe¢ cient moves from -1.0% per annuum in the �rst subsample

4The test is approximately the Lagrange multiplier test of the null of constant parameters against the alternative
that parameters follow a martingale.
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to -3.5% per annuum in the most recent period. The constant term also changes dramatically,

re�ecting a substantial level shift in velocity. Interestingly, L-statistics fail to reject the null that

the time trend, the constant and the variance are constant since 2001Q1, while this is not the case

for the previous period.

Most of our results point out the possibility of multiple structural changes. Recently, this issue

has been addressed by Bai and Perron (1998, 2003) who provide a comprehensive treatment of

various issues in the context of multiple structural change models. In particular, Bai and Perron

(1998, 2003) developed two procedures to test the hypotheses of m+1 breaks given m breaks: 1� a

purely sequential procedure that bases each null hypothesis on the previous signi�cant break date

generated and therefore gives breakpoint dates that are not necessarily a global minimiser of the

sum of squared residuals ; 2� a procedure �referred to by Carlson, Craig and Schwartz (2000), who

apply it to examine the stability of US M2 velocity relation during the period 1964Q1�1998Q4, as

the sequential test under the global null - based on m break dates that are global minimisers of the

sum of squared residuals. Bai and Perron recommend giving most weight to the second procedure.

Therefore, we apply this second procedure to the case of the linear trend presented in equation

(1). We consider the following multiple linear regression with m breaks:

log Vt = x
0
t� + z

0
t�j + ut (4)

t=Tj�1 +1; :::; Tj for j=1,...,m+1. Both xt (p�1) and zt (q�1) are vectors of covariates and �

and �j (j = 1; :::;m+1) are the corresponding vectors of coe¢ cients; ut is the disturbance at time

t. The indices (T1,...,Tm) or the break points are treated as unknown. This is a partial structural

change model since the parameter vector � is not subject to shifts and is estimated using the full

sample. The pure structural change model is obtained for p=0 since all the model�s coe¢ cients

then are subject to change. In what follows, we consider di¤erent versions of (4) in which the

constant only varies, the trend only varies and �nally both the constant and the trend vary (pure

structural change model).
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To ensure consistency, limit distribution of the break dates and convergence, some conditions

need to be imposed on the regressors. In particular, the procedure by Bai and Perron forbids

trending regressors unless they are of the form t/T for t=1,...,T where T represents the number of

observations, whis is done hereafter. Model (4) is estimated by the ordinary least squares method.

We consider two information criteria: the Bayesian information criterion (BIC) and its modi�ed

version proposed by Liu et al. (1997) (LWZ). Table 4 displays the main results.

Table 4: Bai-Perron Results for M3 Velocity Models (1980Q1-2006Q2)
Number of breaks Suggested breaks1 SupFT test UDmax / WDmax tests

Constant BIC: 3 1987Q1 SupFT (1)=62.6** UDmax=62.6**
only LWZ: 1 1993Q1 SupFT (2)=27.2** WDmax=62.6**

2000Q3 SupFT (3)=36.1**
Trend BIC: 2 1987Q2 SupFT (1)=0.07 UDmax=131.2**
only LWZ: 2 1993Q1 SupFT (2)=46.2** WDmax=212.3**

1999Q2 SupFT (3)=131.2**
Constant BIC: 3 1987Q2 SupFT (1)=0.01 UDmax=1407816**
and LWZ: 1 1993Q1 SupFT (2)=1264904** WDmax=2167997**
trend 2000Q4 SupFT (3)=1407816**

1 Break dates based on minimised sum of squares. ** (resp. *) indicates signi�cance at the 1% (resp. 5%)

signi�cance level.

The procedure detects several breaks in trend velocity, whether we consider a shift in the level

only, a shift in the coe¢ cient of the time trend only or a combination of both. Date breaks are

broadly similar: the tests suggest signi�cant break dates around 1987, 1993 and the end of year

2000. The information criteria however di¤er regarding the number of selected breaks. Based on

the results of Wang (2006), who suggests the use of information criteria to jointly determine the

number and the type of multiple structural breaks in the context of �nite sample, we here give

more weight to the BIC criterion.

Implementing the same procedures to M3 velocity corrected from the estimated impact of

portfolio shifts would yield similar results with suggested break dates in 1986Q3, 1993Q1 and

1999Q4.

The date breaks suggested here are consistent with Gerlach (2004), who evidences a weakening
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of M3 growth�s ability to help predict future in�ation from pre-1987 to the later period and Faruqee

(2005) who also �nds signi�cant date breaks around 1987 and between the end-2000 and the end-

2001.

A question arises as regard the break around 1993, which occurs during the ERM crisis period:

a visual inspection of Figure 1 reveals a "V-shape" pattern in velocity, a usual feature characterising

�nancial turmoil or periods associated with strong portfolio shifts. Argument is sometimes made

that after this episode velocity went back to its historical patterns, suggesting that a temporary

- though long-lasting - break occurred in 1993 and that this situation could be compared to the

current one. Indeed, after the 1993�s break, trend velocity declined at a very similar pace to what

has been observed since the end of 2000, i.e. close to -3.5% per annum. As a consequence, one

could not rule out the possibility that the current velocity trend could revert with the unwinding

of previous portfolio shifts. However, coe¢ cient estimates provided in Table 5 con�rm that a

signi�cant trend break occurred in 1993 both in the level and the slope and that, in the subsequent

period, trend velocity declined at a slower pace, very close to the top range of [-1%;-0.5%] used for

the derivation of the reference value in December 1998.

Moreover, it is not so clear, from the coe¢ cients estimates provided in Table 5, that a signi�cant

change occurred around 1987. The constant only varies and increases, but the change is not

statistically signi�cant.

Table 5: Coe¢ cient estimates
Period Constant Time trend

1980Q1-1986Q4 0.518 -0.0028
(0.004) (0.0002)

1987Q1-1992Q4 0.522 -0.0028
(0.013) (0.0003)

19993Q1-2000Q3 0.408 -0.0011
(0.013) (0.0002)

2000Q4-2006Q2 1.065 -0.0086
(0.029) (0.0003)

Overall, it thus seems reasonable to consider that M3 log-velocity has been subject to at least

two structural changes, a¤ecting both its level and its slope and that these two breaks occurred
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around 1992-1993 and 2000-2001 (cf. Figure 2). Since then, the trend decline of M3 velocity has

increased dramatically, from -0.5% per annuum to around -3.5% and has remained stable so far.

Figure 2
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4 Testing for structural changes in the equilibrium velocity
of M3 - bivariate analysis

Monetary analysis also relies on more complex speci�cations, in particular money demand frame-

works, to assess velocity developments in the euro area. Some of these money demand functions

have been challenged over the recent years.

Several studies have shown that the inclusion of stock prices into the equations or the models

tend to restore the stability of these money demand functions (see for instance Avouyi-Dovi et al.,

2006 or Cartensen, 2004). In such frameworks, stock prices, and more generally asset prices, play

a dual role: on the one hand, they act as perfect substitutes of money as suggested by Friedman

(1988), on the other they can be considered as proxies for �nancial market uncertainty, triggering,

in the latter case, a precautionary motive for money holding. The above mentioned papers �nd for

instance that a decline in the European stock market would result in a rise in real money holdings

and therefore could account for the decline in the euro area velocity of circulation of M3. This

story would be consistent with the portfolio shift hypothesis, which occurred in the context of the
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stock market crash at the beginning of 2000.

However, stock markets have regain momentum since the beginning of 2003 and reached record

highs recently without causing the expected upward shift in M3 velocity. Recent developments

would on the contrary suggest that the stock market expansion has generated dominant wealth

e¤ects that may explain the strong M3 dynamics. Therefore, in the recent period, these re�ned

models have also faced parameter instability as the sign of the stock market price variable may

have changed or the error-correction term coe¢ cient may have fallen signi�cantly.

Of course, it may be that the low level of interest rates remains the dominant force driving the

strength of the rate of monetary expansion. Indeed, Figure 3 illustrates that M3 velocity and the

opportunity cost of M3, computed as the di¤erence between the short-term nominal rate and the

average rate paid on M3 balances, exhibit a strong correlation over the past 30 years.

Figure 3
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Indeed, the opportunity cost of money fell dramatically from 2000Q4 to 2003Q3 and remained

stable at historically low levels before the ECB started to tighten its monetary policy stance in

December 2005.

Would that be su¢ cient to explain the deviations of M3 velocity from its long-term historical
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patterns? The point here is that interest rates, and the opportunity cost of money, are already

imbedded as explanatory variables in standard money demand functions. To conclude that the

decline of the opportunity cost of M3 is the main driver of recent monetary developments in

the euro area, i.e. of the deviations of M3 or of its velocity from their long-term trends, would

then require that either there are strong non-linearities in money demand functions or that the

interest rate elasticity of money demand has increased substantially since 2000-2001. In particular,

Reynard (2006) argues that very low interest rates can generate nonlinearity due to changes in

�nancial market participation, which would then induce relatively high growth rates in monetary

aggregates not followed by high in�ation. He considers that part of the recent relatively high

growth rates in monetary aggregates are likely to be related to that phenomenon. According to

Reynard, those facts act as warning signals when interpreting short-term monetary aggregates

growth rate �uctuations. In both cases, this leaves open the possibility of a structural shift in

equilibrium velocity in the euro area.

To investigate these issues, we �rst apply the Bai -Perron procedures to the equilibrium velocity

model proposed by Orphanides and Porter (2000). Then, we turn to cointegration rank tests. The

aim of this second subsection is not to estimate a money demand function for the euro area, which

is far beyond the scope of this paper, but simply to assess the possible existence of structural shifts

in a long-term relationship between the velocity and the opportunity cost of M3.

4.1 Structural change models of equilibrium velocity

In an in�uential paper, Orphanides and Porter (2000) propose a general approach to specifying

equilibrium velocity. They begin with the simple notion that in the short-run, velocity varies with

the opportunity cost of money:

Vt = V
�
t + �1gOCt + "t (5)

where gOC denotes the deviations of the opportunity cost of money OC - measured here as the
simple di¤erence between the 3-month Treasury bill rate and the share-weighted rate paid on M3
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components - from its long term norm, V*, an estimate of equilibrium velocity; �1 is the elasticity

of velocity with respect to the opportunity cost, and " is a stationary mean zero error term.

Orphanides and Porter allow for the possibility of a trend in V* that aims at capturing the

changes in payment and �nancial technology. Indeed, Orphanides and Porter are confronted with

an upward shift in M2 velocity, possibly stemming from the impact of �nancial innovations on

money demand.

The speci�cation they �nally test is therefore:

Vt = �0 + �1gOCt + �2Time+ "t (6)

where Vt*=�0 + �2Time and Time is a simple time trend.

We posit the same speci�cation for M3 velocity in the euro area with two important caveats:

�rst, M3 velocity displays a downward trend, not really consistent with the postulated impact

of �nancial innovations on money demand. In the euro area�s case, this would rather re�ect the

positive impact of changes in �nancial wealth on money demand as some assets included in M3 are

interest-bearing and can be used as saving instruments. Second, given the statistical properties of

OC in the euro area (see appendix), gOC is computed as the deviations of OC from a stochastic

trend estimated by a Hodrick-Prescott �lter.5

This simple relation does not incorporate explanatory variables to control for the e¤ects of

permanent shocks on money that are di¢ cult to model. The Bai and Perron (2003) test allow

us to examine whether the omission of such relevant factors has implications for the stability of

velocity and to investigate breaks in subsets of parameters in the velocity relation.

This test is particularly well suited to identifying and testing for multiple breaks in equation

(6) by estimating the following equation:

Vt = �0 + �1gOCt + �2Time+ �3D(�) + "t (7)

5To implement the Bai and Perron procedures, we also checked that gOC is exogenous (see Table C in the
appendix).
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where D is a dummy variable de�ned parametrically on an unknown quarter, � , such that it

equals 0 before quarter � and 1 thereafter. As in the previous section, Time is normalised by the

number of observations, T.

We test for all potential sets of breaks. Table 6 presents the suggested date breaks and the test

statistics.

Table 6: Bai-Perron Results for M3 Equilibrium Velocity Models (1980Q1-2006Q2)
Number of breaks Suggested breaks1 SupFT test UDmax / WDmax tests

Constant BIC: 2 1985Q3 SupFT (1)=0.03 UDmax=8.12*
only LWZ: 2 1994Q3 SupFT (2)=0.17 WDmax=13.6*

1999Q4 SupFT (3)=8.12*
Trend BIC: 3 1985Q2 SupFT (1)=0.01 UDmax=44.1**
only LWZ: 0 1994Q3 SupFT (2)=0.58 WDmax=71.4*

2001Q1 SupFT (3)=44.1**
OC BIC: 1 1993Q1 SupFT (1)=0.26 UDmax=0.80
only LWZ: 0 1999Q3 SupFT (2)=0.80 WDmax=1.17

SupFT (3)=0.68
Constant BIC: 1 1985Q2 SupFT (1)=2.12 UDmax=114**
and LWZ: 0 1994Q3 SupFT (2)=3.39 WDmax=176*
Trend 2001Q1 SupFT (3)=114**
Constant BIC: 2 1985Q3 SupFT (1)=1.79 UDmax=9.63
and LWZ: 2 1994Q3 SupFT (2)=9.12* WDmax=14.8*
OC 1999Q4 SupFT (3)=9.63**
Trend BIC: 1 1985Q2 SupFT (1)=2.12 UDmax=114**
and LWZ: 0 1994Q3 SupFT (2)=3.39 WDmax=176*
OC 2001Q1 SupFT (3)=114**

Constant BIC: 3 1985Q2 SupFT (1)=31.2** UDmax=6305**
Trend LWZ: 2 1992Q2 SupFT (2)=42.3** WDmax=9312*
and OC 2000Q4 SupFT (3)=6305**

1 Break dates based on minimised sum of squares. ** (resp. *) indicates signi�cance at the 1% (resp. 5%)

signi�cance level.

The inclusion of gOC slightly modi�es the results presented in section 2 in that it contributes

to "stabilise" the velocity equation: the breaks selected according to both the BIC and the LWZ

criteria tend to be slightly less numerous (1 or 2 breaks instead of 2 or 3 previously). However,

the suggested break dates are still roughly located at the same periods with breaks occurring in

the mid-1980s, around 1992-1994 and 1999-2001. As regards the other results, not presented in

the table, when the sensitivity of the log velocity of M3 with respect to gOC is allowed to change,

it displays the following pattern: the coe¢ cient is usually not signi�cant at the beginning of the
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sample, i.e. during the �rst sub-period detected by the procedure, but become so at the end of

the sample. It is statistically signi�cant, increases and almost doubles when it is allowed to change

with the time trend coe¢ cient between the last two periods. However, when all the coe¢ cients are

allowed to vary, the sensitivity of M3 log velocity relative to gOC does not materially change after
2000Q4 and it is barely signi�cant (at the 10% level). For the other coe¢ cients, the estimates are

then very close to those presented in Table 5, suggesting that a simple time-trend speci�cation is

su¢ cient to account for M3 velocity developments.

4.2 Cointegration rank tests

Another way to tackle these issues is to consider whether the log-velocity of money and the op-

portunity cost of M3, OC, are cointegrated. For these two variables, there may be a deterministic

linear trend and unit root tests provide evidence for a stochastic trend as well. the analyses carried

out so far can not rule out the possibility of multiple shifts. In what follows, we try to account for

these shifts by imposing structural break dates in 1992Q2 and 2000Q4 as suggested in Table 6.

We have performed cointegrating rank tests, with and without the shift dummies. The results

are given in Table 7. A linear trend, which is not assumed to be orthogonal to the cointegrating

relation is included in all the tests, unless stated otherwise. As in the previous sub-section, it aims

at capturing in a very simple manner the net or combined e¤ects of �nancial innovations, changes

in payment technologies and changes in �nancial wealth. The lag order suggested by the AIC, the

Final Prediction error, the HQ and the Schwartz criteria is 2 and therefore used in all the tests. We

refer to Johansen, Mosconi and Nielsen (2000) to carry out cointegration analysis in the presence

of two structural breaks in the deterministic trend.
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Table 7: Tests for the cointegrating rank of the equilibrium velocity system
Null Test Critical values

Test Speci�cation Hypothesis value 90 % 95 %
Johansen C r=0 19.61 17.98 20.16

r=1 4.95 7.60 9.14
Johansen DT r=0 16.90 23.32 25.73

r=1 2.66 10.68 12.45
S&L DT r=0 14.01 13.88 15.76

r=1 0.99 5.47 6.79
Johansen DT+ r=0 52.99* 44.21 47.58
et al. shifts r=1 13.43 22.11 24.65

Notes: sample period: 1982Q3-2006Q2; Critical values from Johansen 1995 for Johansen test, Lütkepohl &

Saikkonen (2000) for the S&L test and Johansen, Mosconi and Nielsen (2000) for the Johansen et al. test. C stands

for a model that factors in a constant only, DT for a deterministic trend.

It turns out, from Table 7, that none of the tests �nd cointegration if no structural shift dummies

are included whereas there is some evidence for a cointegration relation if two structural breaks

are included. On the one hand, no cointegration would mean that the decrease in the opportunity

cost of M3 cannot fully account for the acceleration in the decline of log velocity since 2001. On

the other hand, cointegration is accepted only when multiple structural shifts are embedded in the

relation, pointing to the fact that equilibrium velocity is not stable.

To complement this analysis, we apply the residual-based tests for cointegration in models with

regime shifts proposed by Hansen and Gregory (1996) which is robust to the presence of one-time

regime shift. Three di¤erent models are considered in this approach:

1) a model with a level shift in the cointegration relation shift denoted by C:

log Vt = �0 + �1't� + �2OCt + "t (8)

t=1,...,n , with 't� = 0 if t 4 [n� ] or 't� = 1 if t � [n� ] where the unknown parameter � 2 (0; 1)

denotes the relative timing of the change point and [ ] denotes integer part. The break date is

treated as unknown. The cointegration test is computed for each possible regime shift � 2 T and

the timing of the break is set at the smallest value across all possible break points;
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2) a model of level shift with trend (C/T):

log Vt = �0 + �1't� + �2OCt + �3Time+ "t (9)

3) a model of regime shift (C/S):

log Vt = �0 + �1't� + �2OCt + �3OCt't� + "t (10)

where both the constant and the slope coe¢ cient are allowed to shift. In what follows, we test

the null of no cointegration against the alternative of cointegration with either one level-, time- or

regime- shift. Table 8 reports the test statistics as well as the estimated breakpoint.

Table 8: testing for regime shifts in equilibrium velocity
Quarterly data: 1980Q1-2006Q2

Model Test Breakpoint

ADF C -2.54 2000Q4
C/T -2.51 2000Q3
C/S -2.40 2001Q1

Phillips (1987) Zt C -2.41 2001Q1
C/T -2.62 2001Q1
C/S -2.53 2001Q1

Phillips (1987) Z� C -12.74 2001Q1
C/T -15.31 2001Q1
C/S -13.49 2001Q1

All the tests fail to reject the null of no cointegration, even when we allow for one period shift.

According to these tests, would there be a break date, it will be located between 2000Q3 and

2001Q1.

Overall, Tables 7 and 8 lead us to the conclusion that there is no su¢ cient evidence to conclude

to the existence of a stable long-run relationship between the log velocity of M3 and its opportunity

cost. The only case where the null of no cointegration is rejected occurs when we allow for two

structural breaks.
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5 Monetary policy implications

The prominent role for money in the Eurosystem�s monetary policy strategy is supported by the

existence of a strong and stable relationship between in�ation and money growth over the long-term

in the euro area.

However, we provide some evidence that this long-run relationship has broken down and that

it has been a¤ected by several velocity shocks, which, according to our �ndings, are permanent.

Therefore, the existence of a strong, stable and predictable relation between money and prices in

the euro area cannot be taken for granted.

Our results lead us to conclude that there were at least two structural breaks in the log-velocity

of M3: one around 1992-1994 and one around 2000-2001. Some tests also point another break date

around 1985-1987. Though it is di¢ cult to fully rationalise these breaks, they occur around events

that one might expect would a¤ect velocity: �rst, the deregulation of �nancial and money markets

and the dismantling of credit rationing in several continental European countries (e.g. France,

1986; Spain 1987; Finland 1986-1987; Ireland 1985; Italy 1987-1988 to name a few), consistent

with an upward shift in velocity as evidenced in table 5; second, the ERM crises of 1992 and

1993, as a result of the conjunction of tight monetary policies in the aftermath of the German

Reuni�cation, a �xed exchange rate regime (EMS) and economies in recession. This is consistent

with a downward shift in velocity as GDP receded and as money demand eventually increased in

the wake of �nancial market uncertainty. Finally, the inception of the euro and lately the cash

changeover are good candidate for a third structural change.

As regards the stability issue, log-velocity of M3 cannot be considered as trend stationary. How-

ever, despites considerable changes in the economic environment, the velocity of M3 has declined

at a remarkably stable pace of around -3.5% per year since 2001. Therefore, one can not conclude

that there is no link between money and prices but only that this link has changed other time.

These fundamental changes in the behaviour of velocity trends relative to its historical patterns
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should be made explicit in the derivation of the reference value.6 The key point here is that the

velocity assumption has been �xed in, and has remained unchanged since, December 1998, at a

time the Governing Council faced "extreme" uncertainty (Issing, 2006) and was on the eve of the

euro. This is of upmost importance for the two-pillar strategy of the ECB. As argued by Beck

and Wieland (2006), the Eurosystem�s monetary policy strategy can be justi�ed by allowing for

imperfect knowlegde regarding unobservable variables. In their set up, Beck and Wieland interpret

the idea of "cross-checking", used by the ECB since May 2003, as a situation in which the cen-

tral bank regularly checks whether a �ltered money growth adjusted for both output and velocity

trends averages around the in�ation objective and eventually adjusts its key interest rates when it

obtains successive signals of a sustained deviation of in�ation from target. However, this strategy

is questioned when unforseen permanent shifts in velocity occur. In that case, the information

content of long-run money growth would depend on how quickly the central bank learns the new

parameter values.

As regards predictability, these developments raise two issues.

Once the diagnosis of instability in the relation between money and prices has been made, the

�rst issue is how to anticipate the next shift, or even how to identify that a break has occurred in

real time so as to eventually adjust the conduct of monetary policy. This is particularly crucial in

the context of a forward-looking monetary policy. There might be no other solution than to carry

out in-depth monetary analysis in real time as practised currently by the ECB (cf. Fischer et al.,

2006 for an illustration).

The second issue relates to the forecasting ability of monetary indicators computed against the

background of a reference value that may be not reliable anymore. The essence of our paper is

similar to that of Orphanides and Porter (2000) in that it suggests that the recent deterioration of

the information content of monetary developments for future price developments, using an incorrect

assumption for trend velocity, should be reversed once the apparent shifts in velocity are accounted

6 Instability of velocity may call for more radical solutions. For instance, in mid-1993, the Fed responded to the
velocity shift of M2 by formally downgrading this monetary aggregate as an indicator of the state of the economy.
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for. Providing econometric evidence on that issue remains to be done and might be a scope for

future research.

A direct implication of that is that one should be very cautious in interpreting estimates of

excess liquidity directly measured by the deviations of M3 growth from the reference value. These

indicators, whether M3 is corrected from the estimated impact of portfolio shifts or not, are

continuously growing since 2001. But this may simply re�ect the fact that these measures rely on

the past velocity trends we �nd have broken down recently. Once the structural shift is factored

in the derivation of the reference value, the so-called "excess liquidity" simply vanishes in the euro

area. Figure 4 and 5 present the measures of the nominal and the real gaps, de�ned as the di¤erence

between the actual level of M3 and the level of M3 that would have resulted from constant M3

growth at its reference value, and compare them to what would have resulted if structural shifts

were accounted for.

Figure 4
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Figure 5
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The real gap takes into account the part of the accumulated liquidity that has been absorbed

by in�ation. It is negative as the nominal gap is close to zero and in�ation, since November 1999,

has always exceeded 1.5%, the implicit in�ation rate used to derive the actual reference value.

Based only on these two indicators, it is di¢ cult to argue that there are risks to price stability in

the euro area. It should be noted however that we do not question the fact that there is ample

liquidity circulating in the euro area, but that we consider that this is better evidenced by a bunch

of other indicators, such as historically low nominal and real interest rates, low risk premium, low

credit spreads or very accommodative monetary and �nancial conditions.

Finally, our analysis, only tentative at this stage, tends to show that the sensitivity of log-

velocity to the opportunity cost of money could have increased over the recent period. This �nding

may have important implications for the Eurosystem�s monetary policy conduct. In particular, as

the own rate of M3 responds sluggishly to changes in short-term interest rates, the opportunity

cost of M3 and therefore M3 velocity are now directly impacted by interest rates�decisions. This

could seriously complicate the task of the Eurosystem since the ECB�s Governing council may need

to take into account the impact of monetary policy decisions on short-term developments in M3

velocity.
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6 Conclusion

Our results tend to show that fundamental changes in M3 velocity trends relative to historical

patterns have occurred over the recent years. We evidence several structural breaks that are

located around events one might expect would a¤ect velocity: the deregulation of �nancial and

money markets and the dismantling of credit rationing in several continental European countries

in the mid-1980s, the ERM crises in 1992 and 1993 and �nally the inception of the euro area at

the beginning of the 21st century.

Regarding monetary policy implications, we �rst argue that these permanent velocity shifts

should be made explicit in the derivation of the reference value. Second, our results cast some

doubts on the various measures of excess liquidity computed as the gaps between M3 developments

and its actual reference value in nominal or real terms.

The negative trend in the income velocity of money is a feature of the euro area. One would

rather expect that �nancial development and �nancial innovations would result in an upward shift

or trend in the velocity of money. The negative time trend in the euro area is consistent with

an income velocity of M3 higher than one. As income can be considered as a proxy for �nancial

wealth, one can not rule out that the recent acceleration in the decrease of M3 velocity might re�ect

the fact that a given change in income corresponds to a greater change in total wealth, featuring

an increase in �nancial wealth over the recent years. Wealth e¤ects can complicate the conduct

of monetary policy in two ways, as broad monetary aggregates, such as M3, incorporate monetary

instruments that have rate of return which are very close to those of non-monetary �nancial assets.

First, one can not rule out, at least in the short-run, that monetary tightening can be accom-

panied by a further decrease in M3 velocity (i.e. an acceleration in M3 growth).

Second, the success of the ECB in achieving and maintaining low in�ation in the euro area may

also have contributed to blur the distinction between monetary and �nancial assets as credibility

gains may have reduced in�ation risk premia. In such a context, the acceleration in the decline of

M3 income velocity might be another illustration of the "paradox of credibility".
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APPENDIX

Table A. Unit root tests of the opportunity cost of M3
Variables ADF KPSS

Opportunity cost: OC -2.97 0.15*
�OC -6.43** 0.06

ADF: Augmented Dickey-Fuller t-test for unit root against trend-stationary alternative (1 lag based on AIC) or

level-stationarity in the case of di¤eriented variable; KPSS: Kiwatosky, Phillips, Schmidt and Shin test for trend-

stationarity against unit-root alternative; ** (resp. *) indicates failure to reject the null hypothesis at the 1% (resp.

5%) signi�cance level.

Table B. Unit root with one structural break

Variables Test statistic Suggested break date

Opportunity cost of M3: OC -2.72 1999Q4

Critical values (Lanne et al., 2002).

Table C. Pairwise Granger Causality Test
Null Hypothesis F-Statistic Probability

log V does not Granger Cause gOC 0.36 0.69gOC does not Granger Cause log V 3.67 0.03

Sample 1980Q1-2006Q2 - 2 lags.
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