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Abstract

This paper extends Bayoumi and Eichengreen's (1993) approach to better visualize how far a given country is from a
monetary union. Useful information is extracted from the scatter plot of correlation coefficients between supply and
demand shocks. Indexes of distance and relative strength of asymmetry are derived from two, linear and nonlinear,
combinations of correlations. Using quarterly data on ten countries over 1979-2011, the newly proposed statistical
tests are supportive of a two-speed European Monetary Union, despite less asymmetric supply and demand shocks
since 1999,
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1. Introduction

The ongoing marathon for rescuing countries inagranking and/or sovereign debt
crises is threatening cohesion amid the MembereStat the European Union. Current
worries about a two-speed Europe echoes dramatieéh the adjustment problem faced by
the European Monetary System following the shockhef German monetary reunification
two decades ago. This has led several authors, @mbich Bayoumi and Eichengreen
(1993), to revisit the issue of shock asymmetrg monetary union (De Haan et al., 2008, for
an overview). Loosing exchange rate flexibility @s adjustment tool to macroeconomic
disequilibria may be costly according to Mundelliew on optimal currency areas (Dellas
and Tavlas, 2009). It will be so in a country sebj® specific, rather than common, shocks
in the absence of labour mobility and/or wage-pfiegibility.

A widely used empirical strategy to tackle thisussonsists in estimating the correlation
coefficients of the structural shocks between a@mgigountry and the monetary union itself.
The more correlated shocks are, the less costlyldhe 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-autoregresgirocess. Within the basic aggregate
demand-aggregate supply framework, the long-rupareses 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&stit asymmetry.

The aim of this paper is to show how the informawovided by such a box diagram can
be synthesised into useful indexes in order teebetsualize 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 is derived from two -e dimear and the other nonlinear —
combinations of the correlation coefficients, depieg on the underlying welfare loss
function being considered. The second index meadheerelative strength of asymmetry in
terms of supply and demand shocks. Again, the neati and linear approaches may imply
different rankings within a set of countries agathe monetary union.

The paper is organized as follows. Section 2 deserhow the distance and relative
strength indexes can be build from the scatter pfothe correlated supply and demand
shocks. Using quarterly data on ten euro and noo-@untries over 1979:1-2011:1V, section
3 gives new empirical evidence on the core-peripheew of EMU given the statistical
properties of the distance and the relative strengtiexes. Shocks have become more
symmetric within but also outside the euro ared@hdugh the relative strength of asymmetry
in terms of supply and demand shocks has diminiginéiade Member States since 1999, new
statistical tests are supportive of a two-speediean monetary union.

2. A visual inspection of shock asymmetry throughhte ‘correlation box’
By construction, correlation coefficients betwedéhex supply ps) or demand shockgy)

take their values in the [-1,1] interval. Graphigathey lie somewhere in the square box
delimited by the dashed line as depicted on figubelow.
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Figure 1: The correlation box and distance to a symetric monetary union

Point S at the upper right corner corresponds ¢oftily symmetric case between any
candidate member and the reference group (or cguotrthe single currency area. At the
opposite, the lower left point A corresponds to ptately asymmetric shocks, in terms of
demand as well as in terms of supply. In the cam®ppery view of monetary unions
popularized by Bayoumi and Eichengreen (1993, 199#) closer the candidate country to
point S is, the lower should be the cost of joinihg single currency since adjustments by a
common policy should be easier.

It is thus interesting to translate these corretetiinto a more direct and synthetic measure
of distance to EMU. A related issue is the assessofethe 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 nonlinear combination of the two paiewigrrelation coefficients, whereas the
second one is based on a basic summation of bathesoof stochastic asymmetry.

The first approach can be derived from a vectoresgntation inside the correlation box
(see Rodgers et al. (1998) for a geometric intéapfion of the correlation parameter itself).
The resulting index is based on the Euclidean mreasidistance separating the candidate
countryi, as illustrated by poin€; on figure 1, from the (best) benchmark case (Sulby

symmetric shocks. The former equals the norm oftovefs). This quantity is then
normalized by the maximum distance from the (wocsthpletely asymmetric situation (A)
relative to the ideal locus S. To sum up, the Eigen distance indeRe is defined as:
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By construction, the Euclidean distance index ireshe [0,1] range. Whebg is zero,
shocks in candidate countryare fully synchronized with those in the targetednetary
union. Therefore, both economies will be subject@mmon (symmetric) shocks only. By
contrast, complete asymmetry holds wH&n equals one 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, countign C; will be more synchronized with the
monetary union if the corresponding distance indiesreases.

Such a Euclidean metric of distance can be reltdtle underlying loss function of the
monetary authorities. The former is indeed of tlhwdyatic form. It further assumes that
costly asymmetries receive equal weights no métey originate from the production or the
consumption sides. Imperfectly correlated shockisience the implicit social cost function
non-linearly. This implies circular indifferencerges, all centered on the best point S. From
figure 1 above, this means that any point I&eor C, on a given indifference curve are
associated to the same level of welfare cost. Ekengh quadratic loss functions are often
used to study the behavior of monetary authoribes, may consider an alternative, and more
straightforward, index of distance in terms of bt&tic asymmetries.

Another way of computing distance to what is comiyoviewed as the first best
symmetric monetary union (S) consists simply inghemation of the estimated correlations
of demand and supply shocks between a given couaing the monetary union. Proceeding
to normalization, the alternative linear metricdigtanceD, is given by the formula:

DZ :M. (2)

Like the above Euclidean measure, values for theal distance index lie in the [0,1]
range. Furthermore, it is build so as to receieeshime interpretation as tbg metric. For a
given countryi, D, is nil when its supply and demand shocks are pgyfeynchronized to
those of the reference country, thereby leadingtp@i to match with S on figure 1. At the
opposite, the linear distance index takes its marinwvalue in the event of perfectly negative
correlations in terms of both demand and suppliudisinces. As before, any declineDn
means a move towards the symmetric core of the tagnenion. Thus(C;is getting closer to
Swithin the above correlation box.

The shape of the indifference curves resultinghfformula (2) contrasts sharply with
that implied by the Euclidean measure of distarige These indifference curves are now

illustrated by diagonal lines which are orthogoimathe first secant in théos ,pd) space like

the one passing through the poi@sandC, on figure 1. According to the core-periphery
view, the farther from S that indifference line is, the more costlythadess likely is the
adhesion to the monetary union.

There are special circumstances under which the Euclidean and thenigteias deliver
the same values. This is illustrated here by any point on thesécant likeF where the
corresponding diagonal orthogonal to the secA8} (s tangent to the circle centered 8n
Tangency ensures the equivalence between formulas (1) and (2). Hoavewantry located
at F will now be viewed as being farther from the symmetric core ofrtbeetary union%)
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(and its entry more costly) than any country@n(or C,) becauseD, > Dfl. As a result,
conclusions may differ in terms of the core-periphery view of tingleicurrency area
depending on whether the Euclidean distaDgeor the linear metri®, is used. It will be
even more so if at least one of the two correlation coefficients isingache of its bounds,
thus placing the country at the border of the correlation boxBlile B, on figure 1).
Another interesting case is when two accession countries mayitexisio-called “reverse

asymmetry”. This is illustrated by countries 1 and_2 éndC; on figure 1) wher@? = p.
and p> = pt. Whatever the index used, they are equidistant to the coteeahonetary

union butD;? > D;*. Switching for one index to another will yield a simple rescplin

distance without modifying the core-periphery view of the cuyerea in terms of welfare.

These comparisons raise an important issue on the welfare consexjo¢rihe entry to
monetary union. There is indeed no consensus about how ttsefams various types of
shock asymmetries have to be weighted in the social welfare loagfofunAt the theoretical
level, it remains unclear if shocks from the real supply side asawdtbm the (nominal and
real) demand sector have to be accounted for modeling the cost of jainipnetary unidn

It remains that the origin of stochastic asymmetry can itself tmatéer of concern for
monetary unification. One may thus wish to compare the matgatishocks correlations.

2.2. The relative strength of shock asymmetry

A second index is constructed under each of the two previousaaes in order to
assess the relative intensity of shock asymmetries. According  toe tkrigonometric
decomposition underlying the Euclidean distance, the related asgynnoxA: for country
i can be expressed as:

i — i 2 £ ) %
A= tap£ | -arctan2 | |=sin k-2 |, & 0[-11]. 3
sn{arc aEpJ arc aEps J] sn{ 7T 4] [ l]] 3

In a fully symmetric monetary union (point S on figure 1)itany correlations between

S

shocks from the supply and the demand sides irapd:yarﬁ%j :77:. Thus, a given country

i can belong to one of the three following cases:

a) First, it can be located somewhere below the 45° line [AS] enctirrelation box like
point C; in the above figure 1. This signals greater asymmetry from thambkside than
from the supply side. Sincgy is lower thangs, A takes negative values in the [-1,0[
range.

b) Second, it can be situated somewhere above [AS] like g@inCountryi will thus
exhibit stronger asymmetry in terms of supply than in teridemand (relative to the
monetary union itself). The asymmetry ind&xwill be positive in the ]0,1] interval.

! Nolan (2002) argues that only shocks to real dutpally matter for comparing the incurred welfémeses
under alternative monetary regimes. By contrashel@000) finds that the choice of the exchange magime
when economies are subject to purely asymmetriadenshocks than when they are hit by productivitycgs.
These views are however challenged by Roisland Taovdik (2003) who show that greater asymmetry in
production may be an additional incentive for ooardry to enter the monetary union.
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c) Third and finally, there may be exactly the same level of asymnreteyms 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 following
propertie$:

e it is nil on the diagonal line [AS] since supply and demahdcks are equally
correlated which corresponds here to the benchmark case;

» in absolute termdi¢ increases as the country moves away from [AS] and decreases as
it goes closer to that benchmark diagonal line;

* it takes extreme values when the two correlation coefficients are ofdime
magnitude but of opposite signs such thatl on [0B;] andAs=-1 on [OBy].

As before, let us assume that country 1 is situate@,omhile country 2 lies oi,. They
are indeed at equal distance to the fully symmetric monetary uoeamdang to indexDg but
they exhibit contrasting patterns in terms of shock asymmetmea=aled by indeXAc.
Heterogeneity arises mostly from the supply side in countwhile specific demand shocks
dominate in country 2. As shown on figure 1, the two newices based on shock
correlations can be used to identify countries belonging to treearoto the periphery of a
fully symmetric monetary union.

This calls for some words of caution about the exact meaningeoindex of relative
strength of asymmetrpe. What matters is the angle made by the vector starting from the

origin O and ending af; for a given country with respect to the vectarS (ﬁ resp.)
above (below resp.BjB;]. It follows that two countries will have the same value Agrif
they are belonging to the same semi-diagonal starting from @mpéiqular to [AS]. From
this logic,AL equalsdz on figure 1.

Alternatively, one may consider a measure of the relative discrepasbpck asymmetry
through a linear combination the correlation coefficients in termaupplg and demand.
Formally, this gives rise to the new index for any country

Az - pd Zps . (4)

A_ is intended to fulfil the first two properties of g alternative. Thus, it equals zero
when the candidate country exhibit the same size of stochastic agynfroat the supply
and the demand sideg,along the diagonal [AS] on figure 1. Indé&x is strictly positive for
any point above [AS] like Con figure 1, while it is negative for any locus below tha¢ |
like Ca.

There may be significant departures of fhendex from itsAg counterpart. According to
equation (4), all countries on a given segment parallel to E&&Jnow characterized by the
same value foA . Instead, these will differ markedly by thede metric. Intuitively, the
absolute value ofA_ is higher, the further is the representative pdintaway from the
diagonal [AS], that is away from points A and S simultasgourhe maximum value of the
A_ index is unity when the country is located on the upper lefteccof the correlation box
(B1), while it reaches its minimum of minus one when locatetherbottom right corner on
figure 1 B,). As regards thég index, it is maximum (minimum respectively) on the whole
segmentQB,] (JOB;] respectively).

X

Vi+x2'

2 Notice thal‘sin(arctan(x)) =
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3. Is there still a two-speed euro area?

The following section discusses the usefulness of these new insteites wake of the
process to European monetary unification (EMU). The dataset i médquarterly
observations of the consumer price and the gross domestic prodexesn(base 100=2005)
over 1979:1-2011:1V This coincides with the launch of the ExgeaRate Mechanism as the
interim monetary regime before EMU. | consider seven founder membetrieswf the euro
area (Austria, Finland, France, lItaly, Netherlands, Portugal, and)3pgéther with Greece
and two major non-euro countries, namely the UK and the USA for aisop purposes.
Seasonally adjusted data come from Eurostat, except Greece for which daEeCéve used.

In line with Bayoumi and Eichengreen (1993), the structural veatdoregression
(SVAR) approach is applied in four steps: first, a first-order ldfgidince VAR(1) is fitted
for each country with Germany taken as the reference country fdENHWé second, the
identification of supply and demand shocks is achieved thrBilagichard and Quah’s (1989)
decomposition, assuming long-run neutrality of demand shocksouiput; third, the
correlation coefficients of shocks are computed; fourth and finakyestimated correlations
allow to build the indexes of distance and of relative strengthtomhastic asymmetries
presented in the previous section. Two sub-periods are distiedguitie pre-EMU phase
ends in 1998:1V (just before the launch of the euro), while & phase prevails thereafter.

First of all, it is useful to have a look at the estimated slaggknmetry in the correlation
box as given in figure 2 below.

Like the previous studies, raw estimated correlation coefficients acetedpherd The
pre-EMU phase is characterized by two distinct groups of cesnin terms of shock
comovements. On one hand, Austria, France, and Italy show gheshicorrelations of
demand shocks with respect to the German ones. Austria isiltheauntry lying almost on
the 45° line (passing through A and S as in figure 1), evBiinchronization in terms of
demand shocks is pretty much lower in the French and Italian taseshese two countries,
Greece also belongs to the less distant group to Germany in @¢éisheck asymmetry. On
the other hand, aggregate disturbances in the remaining Euraopesries are less
synchronized with their German counterpart than those hitting titedJ)States before the
euro. This supports the core-periphery view of EMU as in Bay@and Eichengreen (1993).

% As discussed by Zimmermann et al. (2003), biathinfirst-order moment has hump-shaped patternisind
maximal wherp, ; = 1/+/3. However, it can be neglected here given the daitee samples at hand.
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Note: AT: Austria, FI: Finland, FR: France, GR: Greecg; Italy, NL:
Netherlands, PT: Portugal, SP: Spain, UK: Unitedigdiom, US: United
States.

Figure 2. Empirical evidence of shock asymmetry wit respect to Germany

Turning now to the EMU phase, a striking feature is the genevakment towards the
upper right corner of the correlation box, thus meaning a noticeable towards more
symmetric demand as well as supply shocks with respect to Gerfifamyprevious group of
core countries is joined by the Netherlands. Shocks are, by fag, cooelated than before
EMU in Finland and Spain. By contrast, signs of improvenaeatmore modest in Portugal
than in the United Kingdom or even in the US. Unlike the &dember States, the two latter
countries exhibit the strongest but diametrically opposed depatwré® 45-degree line.
With the noticeable exception of Greece, there is some convincingneeicdf convergence
of the EMU countries to a more homogeneous set of countries. ltnemavever that shock
asymmetry has not completely disappeared since all the pointagstinof correlation
coefficients are below 0.7.

Next, | compute the indexes of distance and those of relativegsiref stochastic
asymmetry. Full results are reported on table 1 below. Poimhass of the linear and
nonlinear distance indexes imply very contrasting country rgskoturing the pre-EMU
period, while these differences have almost vanished since EMUm#ars pattern is
observed in the relative strength of supply and demand asymmetries
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Table I. Correlation of shocks from structural VARS and distamd¢elitsymmetry.

Euro-members Non-euro
Period members
AT Fl FR GR IT NL PT SP UK us
Pre-
22 Emu | 036 -0.09 0.28 0.28 0.28 -0.602 -0.0% -0.04 | 0068 0.0
S
[
S G
© 2| EMU | 056 052 069 018° 064 058 020 051 | 0485 034
55
oOn
Pre- a
_@U EMU 037 024 015 02F 018 004 031 020 | -008 0.08
S 8
z
g9
c_"u‘?; EMU | 048 029 054 029 060 044 027 033 |010*° 0.69
e
o o
SNa
w| Pre-
A 0.32 0.47 0.39 0.38 0.39 0.49 0.44 0.47 051 0.46
c Q| EMU
S g
S |EMU | 024 030 020 0.39 0.19 0.25 0.40 0.29 037 0.26
wa
Pre-
0.32 0.46 0.39 0.38 0.39 0.49 0.43 0.46 051 0.46
5| EMU
[}
s 2
8% EMU | 024 030 019 039 0.19 024 040 029 | 0.36 0.24
c Y
30
Pre-
0.02 -091 -027 -0.14 -0.20 093 -0.75 -0.84 80.9-0.01
<'| EMU
>
o 2
>
2 €| EMU | -007 -028 -012 031 -0.03 -0.14 0.02 -020 -0.53.33
T 3
o <
Pre- | 50 017 006 003 -005 003F 017 013 | -008 -8e-4
<& | EMU
2
o O
%E EMU |-0.04¢ -0.12 -0.07¢ 0.07°¢ -0.02'* -0.07° 0.0 -0.09"°|-0.18" 0.18°
T 7
o <

Notes: EMU starts from 1999:1 and ends either ih12[/ or in 2010:1V depending on data
availability. Letters behind figures indicaten-rejection from the statistical tests at the 5%
level of risk with successive null hypothes&g; =0 during pre-EMU or EMU" plgeEMY =
pEMU ¢ pEre=EMU — pEMU 4 A =0 during pre-EMU or EMUS AP7¢~EMU = AEMU(10%% level
of risk). Country codes: AT: Austria; FI: FinlanBR: France; GR: Greece; IT: Italy; NL:
Netherlands; PT: Portugal; SP: Spain; UK: Unitedd¢iom; US: United States.
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One may also be interested in the statistical propertiBg ahdAg like those oD andA,.
To this end, leEZs andZ, be the respective Fisher’s Z transformations of paramaesersd o,
as given by the general formula:

1 (1+p
Z, ==In| ——£ | 5
L ®

The Z statistics are asymptotically normally distributed witamzero and variance equal
to T1T3 given the sample siz€ (disregarding potential bias in the variance as stressed by

Zimmerman et al., 2003). Assuming independence between thesermetation coefficients
for a given country (as assumed from the identification stepeofehtor autoregression), the

test statistics44+Zs) and Z+Zs) are also white Gaussian random variables with varigiq;:e

The statistical distributions of the indexes of distance likedtaf relative asymmetry are
not obvious. However a test for equal symmetry of supply @amiadd shocksAg o (=0)

amounts to test fop" — p% =0. This can be seen from equation (3) (rearranged according to

footnote 1) and equation (4) in the previous section. From whatedes, Fisher's Z
transformation (5) is diverging when shocks tend to be perfectlglated, thus preventing
from a formal test for zero distance to fully symmetry.

Knowing this, five statistical tests have been performed so ekettk for the following
null hypothesesa) a zero coefficient of correlation between shocks under each sub-g®riod,;
unchanged shock asymmetry before and after EBJuo change in distance following the
switch to EMU in 1999d) shock asymmetry of equal size from both the supply and the
demand sides) no change in the relative size of shock asymmetry since 1999.

As summarized in table 1 above, the first test confirms thealisgpection from the
correlation box in figure 2. Two groups of countries now emagigarly in terms of
correlation between supply shocks before EMU: it is positivesaatistically significant in
Austria, France, Greece, and Italy only. Like Bayoumi and Eicleemg{1993), there is a less
clear-cut distinction between the core and the periphery in Europetherdemand side.
Furthermore, rejections of the null of non-correlated shocks are becaelohgm during the
EMU period. However, this is observed for euro as well as for nomemonomies. It is thus
difficult to relate these findings to a specific euro effect.

As revealed by the second battery of tests, changes in shockatiorreif any, have
resulted in weaker asymmetry under EMU than before. The evidencead since major
changes concern mostly supply shocks, whereas there are rarelycamnih terms of
demand (except in the USA, and in Italy at the 10% level).

Given the third type of test, distance to Germany in terms of shoafovements has
improved significantly in most of the countries under stsdyce EMU. Exceptions are
Austria, Greece, and Portugal. Again, convergence to full symnsetigt specific to the euro
area since deeper synchronization of macroeconomic shocks seems toduwaedan non-
euro countries too, as shown in table 1 above.

Likewise, tests for a substantial gap between correlation coeffigreiesms of supply
and demand are subject to few rejections of the null. Significarstraeps of theA index
from zero are observed in Finland, France, Greece, and Portugal dwipgetEMU period.
This holds true only in Greece (and the US) thereafter. Thisaslditional piece of evidence
of greater homogeneity in terms of shocks within EMU, disregaitti@@sreek case.
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The latter conclusion is somewhat tempered by the final battests. tThere are very
few rejections of a change in the relative strength of asymmetry. Thesern Finland and
Netherlands when the risk level of type-I errors is raised at 10%.

4. Conclusion

This paper has shown how useful information can be extracted frosca#ter plot of
correlation coefficients between macroeconomic shocks arising from Bayeumd
Eichengreen’s (1993) empirical approach. In particular, assessingceigtarihe first-best
symmetric monetary union and the relative strength of asymmetrieislbridepends on the
underlying way of modeling the welfare loss function. As concraEuropean experience
during 1979:1-2011:1V, estimates show that discrepancies bettieetinear and the non-
linear decompositions of shock correlations have tended tohvamse the euro. However,
statistical inference is easier to implement if it is based on a lic@abination of the
correlation coefficients than using a trigopnometric approach. All jiibeinew tests proposed
here support the idea of a two-speed Europe even since EMU.
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