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Abstract

This note estimates several constrained versions of an optimization-based multi-country

model to test the sources of heterogeneity within the euro area. We show that the main

source is the asymmetry of shocks affecting the economies and that the heterogeneity of

behaviors does not seem to be of empirical relevance for the euro area.

Keywords: Euro area, heterogeneity, Bayesian econometrics, multi-country model.

JEL classification: C51, C52, F4.

Résumé

Ce papier estime plusieurs versions contraintes d’un modèle structurel multi-pays afin

de tester les sources de l’hétérogénéité au sein de la zone euro. Nous montrons que la

source principale est l’asymétrie des chocs affectant les économies et que l’hétérogénéité des

comportements des agents privés n’a que peu d’importance d’un point de vue empirique.

Mots-clés : Zone euro, hétérogénéité, économétrie Bayésienne, modèle multi-pays.

Classification JEL : C51, C52, F4.
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Non-technical summary

In the last few years, the policy discussion has focused on heterogeneity of economic

performances across countries in the euro area. While some studies suggest that business

cycles have converged to a large extent over the past decades, several recent studies focus

on the differences between euro-area countries across several dimensions and obtain rather

mixed evidence. A first source of heterogeneity, that may be named structural heterogeneity,

corresponds to differences in preferences, technology, and constraints of private agents across

countries or, more generally, in the propagation mechanism of shocks within the economy.

A second component of heterogeneity is the asymmetry in the conduct of country-specific

policies and may be named policy heterogeneity. It includes monetary policy (until 1999),

fiscal policy and regulation. A last source of heterogeneity relies on the asymmetry of shocks

across countries, or stochastic heterogeneity. The objective of this note is to investigate the

various sources of heterogeneity across euro-area countries within an optimization-based

framework. We show that heterogeneity within the euro area mainly comes from stochastic

heterogeneity. Our joint modeling of the three economies allows us to be more precise on

the source of heterogeneity. Indeed although preference and technology shocks have very

similar properties, they are only very weakly correlated across countries. A consequence is

that business cycle fluctuations are not likely to be synchronized within the euro area, even

between core countries.

Résumé non technique

Durant les dernières années, beaucoup de discussions ont porté sur l’hétérogénéité des

performances économiques des membres de la zone euro. Alors que certaines études sug-

gèrent que les cycles des affaires ont convergé durant les dernières décennies, d’autres ont

porté une attention particulière sur les différences entres les pays de la zone et ont obtenus

des résultats plus mitigés. Une première source d’hétérogénéité, appelée hétérogénéité struc-

turelle, provient des différences de préférences, de technologie et des contraintes de agents

privés entre les pays (autrement dit des mécanismes de propagation des chocs au sein

de l’économie). Une seconde composante de l’hétérogénéité est l’asymétrie des politiques

économiques au sein de chaque pays, appelée hétérogénéité politique. Plus particulièrement,

cela correspond à la politique monétaire jusqu’en 1999 et aux politiques fiscale et de régu-

lation. Une dernière source d’hétérogénéité, appelée hétérogénéité stochastique, provient de

l’asymétrie des chocs entre les pays. Ce papier analyse ces diverses sources d’hétérogénéité
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entre les membres de la zone euro au sein d’un cadre d’analyse avec des fondements microé-

conomiques. Nous montrons que l’hétérogénéité est principalement due aux chocs macroé-

conomiques. Mais la modélisation jointe des trois plus gros pays de la zone euro (Allemagne,

France et Italie) permet d’être encore plus précis sur cette source. En effet, bien que les

chocs de préférences et technologiques ont des propriétés assez comparables, ils sont faible-

ment corrélés entre les pays. La conséquence directe est que les fluctuations du cycle des

affaires ne semblent pas avoir été synchronisées avant l’apparition de la zone euro, même

entre les pays les plus semblables.
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1 Introduction

In the last few years, the policy discussion has focused on heterogeneity of economic perfor-

mances across countries in the euro area. While some studies suggest that business cycles

have converged to a large extent over the past decades (see the contributions in Angeloni et

al., 2003), several recent studies focus on the differences between euro-area countries across

several dimensions and obtain rather mixed evidence.

A first source of heterogeneity, that may be named structural heterogeneity, corresponds

to differences in preferences, technology, and constraints of private agents across countries

or, more generally, in the propagation mechanism of shocks within the economy (e.g. Campa

and González Mìnguez, 2004). A second component of heterogeneity is the asymmetry in

the conduct of country-specific policies and may be named policy heterogeneity. It includes

monetary policy (until 1999), fiscal policy and regulation (e.g. Demertzis and Hugues Hal-

lett, 1998). A last source of heterogeneity relies on the asymmetry of shocks across countries,

or stochastic heterogeneity (e.g. Verhoef, 2003).

The objective of this note is to investigate the various sources of heterogeneity across

euro-area countries within an optimization-based framework. We first model and estimate

the joint dynamics of the major economies in the euro area assuming full heterogeneity (i.e.

allowing parameters to differ from one country to the other). Then, we consider the various

sources of heterogeneity described above and compare the performances of the competing

hypotheses.

2 The stylised multi-country model

The euro area is modelled as the aggregate of several economies.1 For each country, we

formulate a stylized open-economy sticky-price model derived from the “New Open Economy

Macroeconomics” literature, which has a sufficiently rich dynamics to fit actual data fairly

well. The main ingredients of the multi-country model (MCM) are: (i) habit formation

in the households’ preferences, (ii) Calvo pricing with indexation of non-optimized prices,

(iii) differences in preferences and technologies across countries, (iv) imperfectly correlated

domestic and foreign shocks, (v) taste bias towards home-produced goods, (vi) deviation

from purchasing power parity, (vii) perfect risk sharing assumption. Log-linearization of

5



this model around the steady state implies the following equations for the home block:2

ct =
γ

1 + γ
ct−1 +

1

1 + γ
Etct+1 − (1− γ)

(1 + γ)σ
(it − EtπH,t+1)

+
(1− γ) (1− ω)

(1 + γ)σ
Etτ t+1 +

(1− ρp)(1− γ)

(1 + γ)σ
εp,t (1)

πH,t =
ξ

1 + ξβ
πH,t−1 +

β

1 + ξβ
EtπH,t+1 +

(1− βα)(1− α)

(1 + βξ)α
×∙

σ (ct − γct−1)
1− γ

+ ϕyt + (1− ω) τ t − (1 + ϕ)εa,t

¸
(2)

τ t =
1

ω − ω∗

"
σ (ct − γct−1)

1− γ
− σ∗

¡
c∗t − γ∗c∗t−1

¢
1− γ∗

+ ε∗p,t − εp,t

#
(3)

yt = (ωs) ct + (1− ωs) c∗t + θτ t (4)

it = ψiit−1 + (1− ψi)
£
ψππH,t + ψy (yt − ynt )

¤
+ εi,t (5)

where Et {.} denotes the expectation operator conditional on time t information. Equation
(1) is the IS curve where ct denotes the home consumption, πH,t is the home inflation, it
is the nominal interest rate, and τ t is home terms of trade. Equation (2) is the forward-

looking New Phillips curve where inflation varies according to real marginal cost and is

indexed to past inflation. Equation (3) defines the terms of trade. Equation (4) represents

the goods market clearing in the home country, where yt is the aggregate output. Equation

(5) represents a monetary policy rule, in which the interest rate is set in an inertial manner

to respond to inflation and the output gap (the deviation of aggregate output to its flexible-

price equilibrium value, ynt ).

εp,t, εa,t, and εi,t are country-specific preference, productivity, and monetary policy

shocks, respectively. They are assumed to follow AR(1) processes: ες,t = ρςες,t−1 + ης,t,

ς = p, a, i.

Estimated parameters are defined in Table 1, while calibrated parameters are β the

intertemporal discount factor, ω the weight of the home-country goods in the consumption

of home-country household, s the home steady-state consumption/output ratio, and θ which

is a composite parameter depending on ω, ω∗ and s.

3 Empirical analysis

We adopt a Bayesian full information approach to estimate variants of the MCM. This

method is helpful to compare models that are non-nested and takes explicit account of all

uncertainty surrounding parameter estimates.
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We take Germany, France, and Italy to represent the euro area. The sample period runs

from 1970:1 to 1998:4 at a quarterly frequency. The data are drawn from OECD Business

Sector Data Base. The estimation is based on four key macroeconomic variables for each

country: real consumption, the inflation rate, the nominal short-term interest rate and the

nominal exchange rate. Consumption is defined as real consumption expenditures, linearly

detrended. Inflation is the annualized quarterly percent change in the implicit GDP deflator.

The interest rate is the three-month money-market rate. Priors for common parameters have

been chosen to be very close to those adopted by Smets and Wouters (2003) for the euro

area. Finally, shocks in a given country are assumed to be uncorrelated, but we allow a

non-zero correlation between a given shock in two countries.3

3.1 Estimates of the constrained models

Table 1 reports statistics on parameter estimates (mode and standard error) of the complete

MCM and its various constrained versions.

First, we estimate the complete MCM. The overall picture that emerges from the first

column is that the three countries display very similar parameter estimates. However, some

differences are worth emphasizing regarding the habit persistence parameter (γ), the price

indexation parameter (ξ) and the serial correlation of shocks. More importantly, most cross-

country correlations between shocks are significantly positive, but shocks are far from being

perfectly correlated across countries however, suggesting some asymmetry of shocks across

countries.

Second, we estimate an MCM with structural homogeneity across countries. This model

allows to test formally the hypothesis that private agents behave in a similar manner in the

three countries. Structural parameters are found to be rather close to the complete MCM for

the utility function parameters (γ = 0.79, σ = 1.89 and ϕ = 2.20). Turning to the behavior

of firms, our estimates reveal that the price indexation parameter is significantly below

the estimates obtained for the complete MCM, while other parameters are not significantly

altered. Overall, this result suggests that, between core countries of the euro area, structural

heterogeneity may be neglected at a first approximation.

Third, we estimate an MCM with policy homogeneity, so that monetary policy para-

meters are constant across countries. The common policy rule has parameters equal to

ψi = 0.87, ψπ = 1.43 and ψy = 0. The major change with respect to the complete MCM

is that the policy rule does not respond to output gap anymore. Imposing policy homo-

geneity also alters some structural parameters significantly, like the habit parameter or the

Calvo probability that rises to somewhat implausible values. In addition, we notice a sharp
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increase in the volatility of the preference and technology shocks. This result may be inter-

preted as the sign that the constraints imposed to the model imply a loss of adequacy to

the data, so that the hypothesis of policy homogeneity has some undesirable outcomes.

When we jointly assume structural and policy homogeneity, we do not observe signif-

icantly changes as compared to the model with policy homogeneity. This suggests that

combining the two sets of constraints does not imply side effects that would worsen the

estimation of structural parameters.

Finally, the stochastic homogeneity hypothesis assumes that volatility and serial-correlation

parameters are equal across countries. The volatility of preference and technology shocks

is not significantly affected, while the volatility of the monetary policy shock increases in

Germany and France. In contrast, the preference and technology shocks are more serially

correlated under stochastic homogeneity. The main change in the parameter estimates is

the large increase in the correlation of shocks across countries. In addition, this hypothesis

does not affect the estimation of structural parameters too markedly. Actually, the main

change in the parameter estimates is the sharp decrease in the value of the habit parameter

that is found to be around 0.5 in Germany and France. Also the Calvo probability decreases

slightly in all countries.

3.2 Model evaluation

Now, we adopt the Bayesian econometric procedure proposed by Schorfheide (2000) to

compare the performance of (non-nested) DSGE models. First, we use posterior predictive

measures and posterior odds as tools to assess the absolute and relative fit of probability

models. Second, we evaluate the ability of the competing models to reproduce the cross-

covariance functions of the data in using a quadratic loss function. The combination of

these various criteria is expected to provide a clear ranking of the structural models under

consideration.

For a given structural modelMi, a set of structural parameters Θ, a prior distribution

Γ (Θ|Mi) and a likelihood function L (XT |Θ,Mi) associated to the observable variables

XT = {xt}Tt=1, the four main Bayesian criteria are:
(i) the marginal likelihood: L̂ (XT |Mi) =

R
ΘL (XT |Θ,Mi)Γ (Θ|Mi) dΘ,

(ii) the Bayes factor: Bi,j (XT ) = L̂ (XT |Mi) /L̂ (XT |Mj),

(iii) the posterior odds: POi,T =
h
Pi,0L̂ (XT |Mi)

i
/
hPm

j=0Pj,0L̂ (XT |Mj)
i
, where Pi,0

is the prior probability of modelMi (with
Pm

j=0Pj,0 = 1),
(iv) the quadratic loss function: Lq(Λ, Λ̂i) = (Λ, Λ̂i)

0W (Λ, Λ̂i), where Λ denote the pop-

ulation characteristics, Λ̂i the prediction of modelMi and W a positive definite weighting
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matrix (here, the inverse of the covariance matrix of the population characteristics Λ).

As it clearly appears in panel A of the Table 2, the complete MCM does not dominate

all nested models that allow some homogeneity. This result shows up in the Bayes factors

that markedly favor the models with structural and policy homogeneity. The best model

among DSGE models corresponds to the case of structural and policy homogeneity, whatever

the criterion. On the other hand, the stochastic homogeneity hypothesis is very strongly

rejected.

Panel B of the Table 2 reports the loss functions evaluated for the cross-covariance

functions of all observable variables computed from 1 to 20 quarters. The first row gives the

value of the overall loss function and the other rows propose a decomposition by country

in order to get a better diagnosis on the ability of the competing models to reproduce the

characteristics of the various economies. The model that performs worst is the model with

stochastic homogeneity, since it is simply unable to reproduce the cross-covariance functions

of the VAR model. Among the other models, the complete MCM does not perform very well.

Since this is the less constrained model, this finding suggests that its additional degrees of

freedom do not help in reproducing the characteristics of the data. Whereas no improvement

is obtained in assuming structural homogeneity, in case of policy homogeneity, one observes

a clear improvement, which mainly comes from German cross-covariances and from the

interactions of shocks across countries. The best results are once again obtained for the

model with both structural and policy homogeneity, since it yields the lowest loss function

for each country.

4 Conclusion

This note investigates the sources of heterogeneity within the euro area. We show that

heterogeneity within the euro area mainly comes from stochastic heterogeneity. Our joint

modeling of the three economies allows us to be more precise on the source of heterogeneity.

Indeed although preference and technology shocks have very similar properties, they are only

very weakly correlated across countries. A consequence is that business cycle fluctuations

are not likely to be synchronized within the euro area, even between core countries.
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