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Abstract

| extend the Bayoumi-Eichengreen (1993) approackxisacting new information from a
scatter plot of correlation coefficients betweencisoin order to better visualize how far a
given country is from a monetary union. Indexesdstance and relative strength can be
derived from either a nonlinear or a linear combora of correlations in connexion with
distinct welfare loss functions. Using quarterliytadan ten countries over 1979:1-2011:1V,
shocks have become more symmetric within, but al#side, the euro area. Despite less
asymmetry in shock asymmetry since 1999, new #tatigests support the idea of a two-

speed EMU.
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1. Introduction

The ongoing marathon for rescuing countries inogrrbanking and/or sovereign debt
crises is threatening cohesion amid the MembeeStat the European Union. Of particular
concern is the rising risk that (at least) onetefmembers shall leave the euro, possibly
ending in a breakup of the European Monetary UiiieMU). In February 2012, Citigroup
has revised the probability of a Greek exit from32B46 to 50% over the next eighteen
months (see Buiter and Rahbari, 2012).

Current worries about a two-speed Europe echoemalieally with the adjustment
problem faced by the European Monetary System \atlg the shock of the German
monetary reunification two decades ago. This hdséveral authors, among which Bayoumi
and Eichengreen (1993), to revisit the issue otkhasymmetry in a monetary union (De
Haan et al. (2008) for an overview). Loosing exg®rate flexibility as an adjustment tool to
macroeconomic disequilibria may be costly accordmiylundell’s view on optimal currency
areas (Dellas and Tavlas, 2009). It will be sodocountry subject to specific, rather than
common, shocks in the absence of labour mobility@naage-price flexibility.

A widely used empirical strategy to tackle thisussonsists in estimating the correlation
coefficients of the structural shocks between amisguntry and the monetary union itself.
The more correlated shocks are, the less costlyldhme stabilization policies for the whole
union as initially argued by Bayoumi and Eichengréep.). The latter authors explain how
to get the series of macroeconomic shocks fronBtaechard and Quah (1989) identification
procedure of a two-dimensional vector-autoregrespioeess. Within the basic aggregate
demand-aggregate supply framework, the long-rupomeses of output and prices allow one

to distinguish shocks from the supply side to thésen demand in a given country.



Computation of correlation coefficients between dstit and foreign shocks of a given type
finally leads to a simple scatter plot of the st&tit asymmetry.

The aim of this paper is to show how the informatoovided by such a box diagram can
be synthesised into useful indexes in order teebeisualize how far a given country is from
a monetary union. The first one gives a direct mea®f the distance to the (best) fully
symmetric case. That index may result from eitheroalinear vector decomposition or a
linear combination of the correlation coefficientiepending on the underlying welfare loss
function being considered. The second index meagheerelative strength of asymmetry in
terms of supply and demand shocks. Again, the neafiand linear approaches may imply
different rankings within a set of countries agathe monetary union.

The paper is organized as follows. Section 2 shuove the distance and relative strength
indexes can be build from the scatter plot of theetated supply and demand shocks. Using
quarterly data on ten euro and non-euro counties ©979:1-2011:1V, section 3 providence
new empirical evidence on the core-periphery vieledIilU given the statistical properties of
the distance and relative strength indexes. Netg ®gport the idea of a two-speed Europe
even since EMU. Furthermore shocks have become syonenetric within but also outside

the euro area.

2. A visual inspection of shock asymmetry throughhte ‘correlation box’

Graphically, these correlations lie somewhere | shquare box delimited by the dashed

line as depicted on Figure 1 below.
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Figure 1: The correlation box and distance to a symetric monetary union

By construction, correlation coefficients betwedher supply ps) or demand shockgx)
take their values in the [-1,1] interval. Point Stlae upper right corner corresponds to the
fully symmetric case between any candidate membertlae reference group (or country) of
the single currency area. At the opposite, the tdefé point A reflects complete asymmetric
shocks, in terms of demand as well as in termsupply. In the core-periphery view of
monetary unions popularized by Bayoumi and Eicheegr(1993, 1994), the closer the
candidate country to point S is, the lower shouwddtlie cost of joining the single currency
since adjustments by a common policy should beseasi

It is thus interesting to translate these corretetiinto a more direct and synthetic measure
of distance to EMU. A related issue is the assestwiethe relative strength of asymmetries

from the demand or the supply sides.



2.1. Distance and welfare loss from shock asymmetry

From the correlation box in figure 1, there are twain ways to compute distance to a
perfectly symmetric monetary union. The first oseai standard Euclidean measure which
assumes a non-linear combination of the two pasevdgorrelation coefficients, whereas the
second one rests upon a basic summation of soofséschastic asymmetry.

The first approach can be derived from a vectoresgntation inside the correlation box
The resulting index is based on the Euclidean nreasiudistance of the candidate country

(illustrated by the poinC; on figure 1) from the (best) benchmark case (Shlbf symmetric

shocks. The former equals the norm of vea:I_,(Sr). This quantity is then normalized by the
maximum distance from the (worst) completely asymnimaituation (A) relative to the ideal

locus S. To sum up, the Euclidean distance irdieis defined as:
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By construction, the Euclidean distance index ireshe [0,1] range. WheDg is zero,
shocks in candidate countryare fully synchronized with those in the targetednetary
union. Therefore, both economies will be subjectaaamon (symmetric) shocks only. By
contrast, complete asymmetry holds wh&nis equal unity so that the candidate country is
located on point A on figure 1. In that case, ecoms are hit by purely idiosyncratic demand
as well as supply shocks. Over time, cou@ryvill be more synchronized with the monetary

union if Dg decreases.

! Correlation coefficients can receive a geometrierpretation themselves (see Rodgers et al. ().998)



Such a Euclidean metric of distance in terms oflsistic asymmetries can be related to
the underlying loss function of the monetary auties. The former is indeed of the quadratic
form. It further assumes that costly asymmetrieseik@ equal weights no matter they
originate from the production or the consumptiodesi Imperfectly correlated shocks
influence the implicit social cost function non-largy. This implies circular indifference
curves, all centered on the first best point Snifigure 1 above, this means that any point
like C; or C; on a given indifference curve would be associabethe same level of welfare
cost. Even though quadratic loss functions arenafiged to study the behavior of monetary
authorities, one may consider an alternative, andenstraightforward, index of distance in
terms of stochastic asymmetries.

Another way of computing distance to what is commoviewed as the first best
symmetric monetary union (S) consists simply inghenmation of the estimated correlations
of demand and supply shocks between a given couatrgl the monetary union. Resorting to
normalization as done as before, the competingtimeetric of distanc®, is given by the

formula:

— Ci Ci
DL - 2 ps +pd . (2)

Like the above Euclidean measure, we provide atinéstance index whose values lie in
the [0,1] range. Furthermore, it is build so agdoeive the same interpretation as e
metric. For a given candidate or member countiy_ is nil when its supply and demand
shocks are perfectly synchronized to those of éfierence country, thereby leading pdiat
to match with S. At the opposite, the linear diseamdex takes its maximum value in the

event of perfectly negative correlations in termhdath demand and supply disturbances. As



before, any decline iD. means a move towards the (symmetric) core of thestaoy union.
Thus,C; wouldget closer t@ within the correlation box on figure 1.
The shape of the indifference curves resultinghfformula (2) contrasts sharply with that

implied by the Euclidean measure of distance (1)esg indifference curves are now
illustrated by diagonal lines which are orthogotwathe first secant in théos,,od) space like

the one passing through the poi@tsandC, on figure 1.

There are very particular circumstances under wthe Euclidean and the linear metrics
deliver the same values. This is illustrated heraty point on the first secant likewhere
the corresponding diagonal orthogonal to the se@®)tis tangent to the circle centered &n
Tangency ensures that the above formulas (1) andr€2strictly equivalent. Notice however
that a country located &twill now be viewed as being farther from the synmgecore of the
monetary union § (and its entry more costly) than any country ©n (or C;) because
D/ > D% . As a result, conclusions may differ in terms loé tcore-periphery view of the
single currency area depending on whether the @enti distanc®g or the linear metri®,_
is used. It will be even more so if at least onehaf two correlation coefficients is reaching
one of its bounds, placing the country at the immnaf the correlation box (lik8; or B, on
figure 1).

Another interesting case is when two accessiomtci@s may exhibit a so-called “reverse

asymmetry”. This is illustrated by countri€ and C, on figure 1 wher@ = p* and

o = p&. Whatever the index used, they are equidistarthéocore of the monetary but

D/ > D;**. Thus, switching for one index to another will lgiea simple rescaling of
distance without modifying the core-periphery viefithe currency area in terms of welfare.
These comparisons raise an important issue onvéliare consequences of the entry to

monetary union. There is indeed no consensus dheutlevant way the costs from various



types of shock asymmetries should be weightedanstitial loss function. At the theoretical
level, it remains unclear if shocks from the ragd@y side as well as from the (nominal and
real) demand sector have to be accounted for nmagtie cost of joining a monetary union.

For example Nolan (2002) argues that only shoaksetl output really matter for
comparing the incurred welfare losses under alter@anonetary regimes. According to this
author, there is a decreasing nonlinear relatignbktween co-movements in supply shocks
and output losses, given the weight of each menmb#re union. By contrast, Lane (2000)
finds that the welfare consequences of asymmetimahd shocks in a currency union
typically depend on the patterns of economic irdggn. In his view, welfare losses are more
sensitive to the choice of the exchange rate reguinen economies are subject to “purely
asymmetric” or “purely idiosyncratic” demand shodkan when they are hit by productivity
shocks.

Lane’s findings are however challenged by Roisland Torvik (2003) who study the
welfare consequences of shocks asymmetry in treeafas commitment to inflation targeting
by central banks under alternative monetary regiriégy show that the more negatively
correlated supply shocks are, the larger the beriedfm joining the monetary union.
Idiosyncratic supply shocks lead to opposite adjesits in the nominal exchange rate so that
greater asymmetry in production should be an amidhitiincentive for one country to enter the
monetary union. These conclusions typically cohfiigth the conventional wisdom about
shock asymmetry - from either the demand or th@lsugde - as preventing a given currency
area from being optimal.

It remains that the origin of stochastic asymmeiay itself be a matter of concern for

monetary unification. One may thus wish to compgheemagnitude of shocks correlations.



2.2. The relative strength of shock asymmetry

A second index is constructed under each ofwmeprevious approaches in order to
assess the relative intensity of shock asymmetries.
According to the trigonometric decomposition urgieag the Euclidean distance, the

related asymmetry inde’e can be expressed as:

A, = sir{arctaE’O—‘?j - arctaEp—éj] = sir(kn—zj, kO[-11]. ©)
Py P; 4

In a fully symmetric monetary union (point S omgure 1), unit correlations between

S
P

S

K

shocks from the supply and the demand sides irapi;ar( j :IZT. Thus, a given country

can belong to one of the three following cases:

a) First, it can be located somewhere below the 4% JAS] in the “correlation box” like
point C; in the above figure 1. This signals greater asytmnfeom the demand side than
from the supply side. Sincey is lower thangs, A: takes negative values in the [-1,0[
range.

b) Second, it can be situated somewhere above [ASPdintC,. Countryi will thus exhibit
stronger asymmetry in terms of supply than in teaihdemand (relative to the monetary
union itself). The asymmetry indé¢ will be positive in the ]0,1] interval.

c) Third and finally, there may be exactly the samell@f asymmetry in terms of demand

and supply shocks, thus implyind, =0 everywhere on the segment [AS].



Given the correlation box, th&s index is build in order to have the three follogin
propertie$:
e it is nil on the diagonal line [AS] since supply dalemand shocks are equally
correlated which corresponds here to the benchossg;
e in absolute termdAe increases as the country moves away from [AS]dewleases as
it goes closer to that benchmark diagonal line;
* it takes extreme values when the two correlatioefftments are of the same

magnitude but of opposite signs such #hatl on [OB;] andAg=-1 on [0B,].

As before, let us assume that country 1 is sitbateC; while country 2 lies oi€,. They
are indeed at equal distance to the fully symmetiooetary union according to ind®g but
they exhibit contrasting patterns in terms of shasymmetry as revealed by indéx.
Heterogeneity arises mostly from the supply sideaantry 1, while specific demand shocks
dominate in country 2. As shown on figure 1, the tvew indices based on shock correlations
can be used to identify countries belonging todiwe or to the periphery of a fully symmetric
monetary union.

This calls for some words of caution about thecexaeaning of the index of relative
strength of asymmetrfe. What matters is the angle made by the vectotirsgafrom the
origin O and ending &F; for a given country with respect to the vectars (Wf resp.) above
(below resp.) B1By]. It follows that two countries will have the sawaue forAg if they are
belonging to the same semi-diagonal starting frompe@endicular to [AS]. From this logic,

AE equals4s on figure 1.

X

Vi+x?

2 Notice thatsin(arctan(x)) =
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Alternatively, one may consider a measure of thetive discrepancy of shock asymmetry
through a linear combination the correlation caétfts in terms of supply and demand.

Formally, this gives rise to the new index:

=Fd " Fs (4)

A_ is intended to fulfil the first two properties @§ As alternative. Thus, it equals zero
when the candidate country exhibit the same sizstafhastic asymmetry from the supply
and the demand sideg,along the diagonal [AS] on figure 1. Ind&x is strictly positive for
any point above [AS] like Con figure 1, while it is negative for any locuddwe that line like
Co.

There is significant departure of thie index from its As counterpart. According to
equation (4), all countries on a given segmentljghit® [AS] are now characterized by the
same value foA.. Instead, these will differ markedly by théle metric. Intuitively, the
absolute value of\ is higher, the further is the representative pdntaway from the
diagonal [AS], that is away from points A and S gitaneously. The maximum value of the
A_ index is unity when the country is located on tipper left corner of the correlation box
(B1), while it reaches its minimum of minus one wheaoated on the bottom right corner on
figure 1 B,). As regards thég index, it is maximum (minimum respectively) on thlole

segmentQB;,] (]OB;] respectively).
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3. Is there still a two-speed euro area?

The following section discusses the usefulnesshe$d new indexes in the wake of the
process to European monetary unification (EMU)strit present the data and the VAR

identification of shocks. Second, | discuss thaltss

3.1. Data and the VAR identification of shocks

The dataset is made of quarterly observationsettmsumer price and the gross domestic
product indexes (base 100=2005) over 1979:1-201Ti\6 coincides with the launch of the
Exchange Rate Mechanism as the interim monetanyneepefore EMU. | consider seven
founder member countries of the euro area (AusKinland, France, Italy, Netherlands,
Portugal, and Spain) together with Greece and tamimmon-euro countries, namely the UK
and the USA for comparison purposes. Seasonallystat] data come from Eurostat, except
Greece for which OECD data are used.

In line with Bayoumi and Eichengreen (1993), threctural vector autoregression (SVAR)
approach is applied in four steps: first, a fireiey log-difference VAR(1) is fitted for each
country with Germany taken as the reference countrthe EMU; second, the identification
of supply and demand shocks is achieved throughndBErd and Quah’s (1989)
decomposition, assuming long-run neutrality of dedhashocks on output; third, the
correlation coefficients of shocks are computedytto and finally, the estimated correlations
allow to build the indexes of distance and of ie&atstrength of stochastic asymmetries

presented in the previous section.

12



The reduced form of the price-output dynamics imieen country is described by the

following p-order bivariate DSVARY) process in the matrix form:

p .
2, =Y ALz, +e, (5)

i=1

Here z, =((1-2)y, (- L)p, ) is the vectorof the (first log-difference) of output and the

(first log-difference) of the price leveh some period. L is the lag operator. The VAR

residualsg are white noise processes with covariance mairix

Provided that the VAR (p) is invertible, the coperading VMA(») form is given by:
» -1
z, :(IZ—ZA,L’] g,. (6)
i=1

with 1, the conformable identity matrix. In a second seapjdentification procedure is used

to derive the (“structural”) innovations from thesrduals after the estimation of the VAR.

According first to BQ (1989), the decompositionDf yields the matrixCgq that satisfies:

=C,Cho (7

The VAR residuals are then a linear combinatiothefstructural innovations:

.
& :CBQnBQ,t :CBQ[OTI ] (8)

BQ.t

13



with U;t the “permanent” (aggregate supply) a@g the transitory (aggregate demand)

disturbances, respectively.

BQ’s (1989) identification constraints imply:

=g eur( )

The first condition in (5) requires uncorrelatedornations withequal (unit) variances. The
second condition implies that surprises from thealed side leave the natural level of output

unchanged. This results from a Cholesky decomposdf the long-run impact matrix.

This identification step plays a crucial role ifeors interested in, like BE, the correlation
between foreign and domestic — either permanentramsitory — shocks to gauge the

suitability of a currency area among any countny.pa

3.2. The mixed evidence of a two-speed EMU

Two sub-periods are distinguished: the pre-EMU phasds in 1998:1V (just before the
launch of the euro), while the EMU phase prevéits¢atfter.
First of all, it is useful to have a look at theimsted shock asymmetry in the correlation

box as given in figure 2 below.
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Figure 2. Empirical evidence of shock asymmetry wit respect to Germany

Like the previous studies, raw estimated correfatioefficients are reported hér&he
pre-EMU phase is characterized by two distinct geowf countries in terms of shock
comovements. On one hand, Austria, France, ang tited highest correlations of demand
shocks with respect to the German ones. Only igriulying almost on the 45° line (passing
through the extreme cases A and S as in figurevlije synchronization in terms of demand

shocks is pretty much lower in the French anddtatiases. Like these two countries, Greece

% As discussed by Zimmermann et al. (2003), biathénfirst-order moment has hump-shaped patternignd
maximal wherp, ; = 1/~/3. However, it can be neglected here given the daitge samples at hand.
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also belongs to the less distant group to Germangrims of shock asymmetry. On the other
hand, aggregate disturbances in the remaining Earogountries (Netherlands, Portugal,
Spain like the UK) are less synchronized with tl@&arman counterpart than those hitting the
United States before the euro. This finding supptre idea of a core-periphery view of the
EMU as famously developed by Bayoumi and Eicheng(&693).

Turning now to the EMU phase, a striking featurehis general movement towards the
upper right corner of the correlation box, thus nieg a noticeable move towards more
symmetric demand as well as supply shocks withedsfe Germany. The previous group of
core countries is joined by the Netherlands. Shacks by far, more correlated than before
EMU in Finland and Spain. By contrast, signs of iaygment are more modest in Portugal
than in the United Kingdom or even in the US. Ualtke euro Member States, the two latter
countries exhibit the strongest but diametricalpposed departures to the 45-degree line.
With the noticeable exception of Greece, thereoises convincing evidence of convergence
of the EMU countries to a more homogeneous sebwiiries. It remains however that shock
asymmetry has not completely disappeared sincehall point estimates of correlation
coefficients are below 0.7.

Next, we compute the indexes of distance and tldseslative strength of stochastic
asymmetry. Full results are reported on table kt(page). Beyond these point estimates, one
may be interested in their statistical relevandas Teads to study the statistical properties of
De andAg like those oD, andA,.

To this end, leZs andZy be the respective Fisher’s Z transformations o&ipetersos and

Pq, @S given by the general formula:
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The Z statistics are asymptotically normally distited with mean zero and variance equal
to % given the sample siz€ (disregarding potential bias in the variance asssed by

Zimmerman et al., 2003). Assuming independence dmtvihese two correlation coefficients

for a given country (as assumed from the identificastep of the vector autoregression), the
test statistics44+Zs) and Z+Zs) are also white Gaussian random variables Witfamae%.

The statistical distributions of the indexes oftalie like those of relative asymmetry are

not so obvious. However a test for equal symmetrsupply and demand shock&g(, L.=0)
amounts to test fop’’ — p¢ =0. This can be seen from equation (3) (rearrangedreing to

footnote 1) and equation (4) in the previous sectibrom what precedes, Fisher's Z
transformation (5) is diverging when shocks tendé¢operfectly correlated, thus preventing
from a formal test for zero distance to fully synirge

Knowing this, five statistical tests have been @eried in order to check for the following
null: a) a zero coefficient of correlation between shoakdan each sub-period) unchanged
shock asymmetry before and after EM&);no change in distance following the switch to
EMU in 1999;d) shock asymmetry of equal size from both the supply the demand sides;
€) no change in the relative size of shock asymnstrge 1999.

As summarized in table 1, the first test confirfms visual inspection from the correlation
box in figure 2. Two groups of countries now emectgarly in terms of correlation between
supply shocks before EMU: it is positive and stai@ly significant in Austria, France,
Greece, and lItaly only. Like Bayoumi and Eichengr&993), there is a less clear-cut
distinction between the core and the peripheryuroge from the demand side. Furthermore,
rejections of the null of non-correlated shocks la@eoming seldom during the EMU period.
However, this is observed for euro as well as naoo-eeconomies. It is thus hard to relate

these findings to a specific euro effect.

17



Table 1. Correlation of shocks from structural VAR®I distance to full symmetry.

Euro-members Non-euro
Index Period members
Austria  Finland France  Greece Italy Netherlar@ésrtugal Spain UK USA
Correlation between |Pre-EMU| 0.36  -0.09  0.28 0.28 0.28 -0.07 002 -004 | 006 0.0
Supply Shockgs  |EMU 056 052 069 0.149° o064 058 020" 051 | 048 0.34
Correlation between|Pre-EMU|  0.37 024 015 0207 0.8 0.04 031 02d¢ | -0.09 0.0
Demand Shockss | EMU 048 029 o058 020F 060 048 02 03? | 018 069
Euclidean Distance [Pre-EMU| 0.316  0.470 0.394  0.380 0.386 0.494 0.435 .46 | 0.509  0.458
De EMU 0241  0.304 0.195 0.391  0.192 0.246 0.397  0.293  0.371  0.260
Pre-EMU| 0.316 0462 0.392 0.380 0.385 0.494 0.427 4610 | 0.508  0.458
Linear Distancé,
EMU 024f 0298 0.191 038  0.191 0.243  0.397 0.289 | 0.360 0.244
Relative Asymmetry [Pre-EMU| 0.015  -0.911 -0.273 -0.138  -0.204 -0.933 .750 -0.837 | -0.980 -0.009
(vector approachde |EMU -0.072 -0.282 -0.118 0.312  -0.031 -0.137 0.023-0.201 | -0.531 0.326
Relative Asymmetry |Pre-EMU| 0.006  0.168 -0061 -0.034 -0.048 0038 0165 0.12d |-0.077 -8e-04
(linear approach. | EMU -0.038"¢ -0.119 -0.073¢ 0.078¢ -0.019¢ -0.07f° 0.008"° -0.086"|-0.175" 0.176"

Notes: EMU starts from 1999:1 and ends eithe2Gd1:1V or in 2010:1V depending on data availapilit_etters behind

figures indicatenon-rejection from various statistical tests at the 5% levelisif with successive null hypothesésa, =0

EMU € nPre—EMU

during pre-EMU or EMU? plie=BMV = pEMU € pPr — DEMU 9 A =0 during pre-EMU or EMU® APre=EMU —

AEMU(10% level of risk).
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As revealed by the second battery of tests, chaimgglsock correlation, if any, have resulted
in weaker asymmetry under EMU than before. The exwt@ is mixed since major changes
concern mostly supply shocks, whereas there agdyrsignificant in terms of demand (except in
the USA, and in Italy at 10% level).

Given the third type of test, distance to Germamytarms of shocks comovements has
improved significantly in most of the countries endgtudy since EMU. Exceptions are Austria,
Greece, and Portugal. Again, convergence to fuliregtry is not specific to the euro area since
deeper synchronization of macroeconomic shocks seéerave occurred in non-euro countries
too, as shown in table 2 above.

Likewise, tests for a substantial gap between tadrom coefficients in terms of supply and
demand are subject to few rejections of the nudjniBcant departures of th& index from zero
are observed in Finland, France, Greece, and Rartging the pre-EMU period. This holds
true only in Greece (and the US) thereafter. Thian additional piece of evidence of greater
homogeneity in terms of shocks within EMU, disretyag the Greek case.

The latter conclusion is somewhat tempered by ithed battery of tests. There are very few
rejections of a change in the relative strengthasymmetry. These concern Finland and

Netherlands when the risk level of type-I erroreaised at 10%.

4. Conclusion

This paper has shown how useful information caneke&acted from the scatter plot of
correlation coefficients between macroeconomic kb@rising from the Bayoumi-Eichengreen
(1993, 1994) approach. In particular, assessintamtie to the first-best symmetric monetary
union and the relative strength of asymmetries iallycdepends on the underlying way of
modeling the welfare loss function. New tests supti® idea of a two-speed Europe even since

EMU. Furthermore shocks have become more symmgitticn but also outside the euro area.
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