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1. INTRODUCTION

Since 1999, 15 European countries have abandoned their national currency and autonomous mone-

tary policy, and have joined the euro area. According to the Optimal Currency Areas (OCA) theory, it is

more advantageous for regions to share the same currency area when there is a minimum level of

synchronisation of economic cycles and integration of trade and labour markets. Despite the increased

economic integration among euro area countries, these have shown persistent differentials. Benalal et

al. (2006) show that since the beginning of the euro area the dispersion of economic growth across

countries has not changed significantly, and remains at relatively low levels. Given that the level of

synchronisation of economic cycles has also increased, these differences suggest the existence of

structural differences among countries. A paper by the European Central Bank (ECB, 2003) on infla-

tion differentials has concluded that these are partly caused by convergence processes, but also by

other structural factors. Other papers point out of the existence of differences across countries in price-

and wage-setting mechanisms (Dhyne et al., 2005; Dickens et al., 2006).1 Even in the case of common

shocks, these structural differences across countries may have implications on monetary policy trans-

mission mechanisms. Since monetary policy in the euro area is defined for the union as a whole, irre-

spective of country specificities or idiosyncratic shocks, what is the importance of heterogeneity at

union level? In particular, what is the impact on welfare of individual economies and of the union as a

whole?

This article addresses this matter from a broadly based and theoretical perspective, analysing the im-

pact on welfare when monetary policy responds to the union aggregated variables, given that there is

heterogeneity across countries, namely as regards price and wage rigidities. For that purpose, the arti-

cle develops a simple stochastic economy model with two countries forming a monetary union, where

the central bank defines the monetary policy according to a rule that reacts to the union aggregated

variables.2 The model does not include government, given that its objective is related to the evaluation

of the impact of different heterogeneity sources on a monetary union, not the interaction between mon-

etary and fiscal policy. However, fiscal policy is acknowledged to alleviate or even eliminate the nega-

tive impact of asymmetric shocks or asymmetries across regions in the context of a monetary union

(Adão et al., 2006).

The article is in line with recent literature on dynamic general equilibrium stochastic models, applied

within a multi-country monetary union operating as a closed economy. In this context, it is worth men-

tioning the papers by Benigno (2004), Jondeau and Sahuc (2008) and Gomes (2004). Benigno (2004)

addresses optimal monetary policy in a monetary union subject to asymmetric shocks, and concludes

that an inflation targeting policy in which a higher weight is attached to inflation in the region with higher
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nominal rigidity is nearly optimal. In turn, Jondeau and Sahuc (2008) compare two models estimated

for the euro area: one for the area as a whole and a multi-country model (Germany, France and Italy).

These authors conclude that there are significant welfare losses if the monetary authority does not

take into account region specificities when defining monetary policy. In turn, Gomes (2004) investi-

gates, based on an calibrated model, the implications of different price rigidity levels in a monetary un-

ion, in the presence of specific and common shocks. She concludes that idiosyncratic shocks and, to a

lesser extent, common shocks generate significant growth and inflation differentials across countries.

From the comparison of different monetary policy rules, she also concludes that the rules resulting in

the best outcome for the union are not equivalent to the best result in individual terms. Rules with inter-

est rate smoothing actually stabilise inflation and output and narrow differentials across countries, but

reduce the inflation correlation among countries. Rules seeking to stabilise output actually reduce

output volatility to the detriment of inflation volatility and reduce the output correlation among

countries.

This article is structured as follows: Section 2 introduces a summarised description of the model. Sec-

tion 3 presents the calibration for the reference case, which replicates a homogeneous union. In the

following sub-sections heterogeneity across countries is introduced, in order to analyse the impact on

welfare. The heterogeneity sources analysed are the home bias on consumption goods, and wage and

price rigidities. In this regard, it is worth stressing the significant impact of introducing heterogeneity in

wage and price nominal rigidities, wherefore this should be analysed in further detail through the as-

sessment of the interaction between both types of rigidities. Section 4 presents the main conclusions.

2. DESCRIPTION OF THE MODEL
3

The monetary union is formed by two countries: the domestic economy (referred to as D) and the for-

eign economy (referred to as F). Total population in the area comprises a continuum of identical and in-

finitely lived agents and is normalised to 1. The relative size of the domestic economy is given by n,

wherefore ( )1�n is the size of the foreign economy. The economy includes three agents: households,

firms and the central bank. Each country’s economy operates in a similar manner. Hence, this section

describes the model of the economy in one of the countries, considering that the other one would be

similar.

Households consume goods produced in both countries, save by investing in financial assets and pro-

vide differentiated labour to the firms producing in the country they live in. Households’ objective is to

maximise the expected utility discounted over time. The representative household’s instantaneous util-

ity is separable into consumption and labour, and depends positively on consumption less external

habit in consumption,4 and negatively on working hours. Households are subject to two random

shocks: one preference shock that influences preference between households’ current and future con-

sumption, and a labour supply shock that affects the availability of households to supply labour to

firms.

Consumption of the representative household consists in a basket of goods produced in both econo-

mies, according to their preference for domestically or externally produced goods (home bias). It is as-

sumed that C jD t, ( ) is the consumption by the representative household j , resident in the home

economy, of domestically produced goods, C jF t, ( ) is the consumption by the same household of
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(4) This paper assumes the hypothesis of external habit, i.e. households take into account deviations of their consumption level from the per capita

consumption in the country in the previous period. Thus, consumption behaviour in the model seems to be more persistent and to respond gradually to

shocks, in line with empirical evidence (Abel, 1990, Fuhrer, 2000, Smets and Wouters, 2003).



goods produced in the foreign economy5 and � (denominated the home bias parameter) is the share of

domestically produced goods in total consumption. Therefore, the basket of goods consumed by

household j, resident in the home economy, may be represented by the following expression:

C j
C j C j

t

D D t F t
( )

( ( )) ( ( ))

( )

, ,
�

�

�

�

� �

� �� �

1

11
(2.1)

When � is equal to 0.5 there is no home bias, i.e. households do not show different preferences about

consuming domestic or imported goods. When � is lower than 0.5, households prefer to consume ex-

ternally produced goods; when it is higher than 0.5 they prefer domestically produced goods.

Households must observe the budget constraint to which they are subject. On the one hand, they re-

ceive income from labour and dividends from firms in the home country, given that the latter operate in

a monopolist competitive market. On the other hand, they may use their income for consumption and

saving. Households may thus trade in area wide riskless bonds and country-specific state-contingent

securities. Both financial markets shall be balanced at each moment.

Each household in the model supplies labour services to firms in the home country. Households can

only work in firms of their own country, since there is no labour mobility at the union level. Labour is dif-

ferentiated among households, which operate as labour suppliers under monopolistic competition and

set wages on the basis of their market power. In order to introduce friction in the wage-setting mecha-

nism, it is assumed that households cannot set in each period the wage enabling them to reach maxi-

mum utility level, taking into account labour demand by firms. Households can only optimise wages

occasionally, but do not know in advance when they can do it. In each period, every household will opti-

mise wages with probability ( )1� � w
D 6. Thus, the parameter � w

D �[ , ]0 1 , which is the same for every

household and is constant over time, indicates the degree of wage rigidity of the economy: the closer it

is to 1, the greater the wage rigidity, given that the probability of optimising wages in each period is

lower. When households cannot optimise wages, they will adjust them partly in line with consumer

price inflation in the home country in the previous period. In those periods when households cannot de-

termine their wages, they will take into account the expected time span (given by 1 1/ ( )� � w
D quarters,

considering quarterly model frequency) up to the subsequent optimisation. Therefore, the optimal

wage of the representative household will be defined as a mark-up over the marginal rate of substitu-

tion between consumption and labour expected over time. Aggregate wage in every quarter is proxied

by an average of optimum wage and adjusted wage, according to the indexing mechanism, weighed

by the share of households that have adjusted their wages in that quarter.

Using labour as the single productive factor, firms will produce differentiated goods, and will also be

subject to a random productivity shock. They are subject to fixed costs in production, which are com-

mon to all firms. Marginal costs are given by nominal wage weighed by the productivity factor. Similarly

to wages, the price-setting mechanism also exhibits rigidity. Firms can only optimise prices at moment

t when they receive a random “signal” to do so, which occurs with probability ( )1� � p
D . Therefore, with

probability � p
D , they cannot optimise prices at moment t, adjusting prices to a share of the producer

price index of the respective country in the previous period. Hence, parameter � p
D denotes price rigid-

ity, which will be the greatest, the closer to 1 the parameter is.7 When firms may optimise prices, they

set the optimal price with a mark-up over marginal costs expected over time. Given that at each mo-
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(5) C D t, and C F t, F,t represent aggregation in a homogeneous good, due to the existence of product differentiation both among domestically produced goods and

among goods produced by the other economy. Households are willing to exchange between differentiated goods of the same country, according to the

elasticity of substitution. 6655555555

(6) The upper D index in the parameter means that this refers to the home economy. The F index is used for the foreign economy. 7

(7) Similarly to the degree of wage rigidity, � p
D ranges between zero and one, is equal for all firms and is constant over time.877777777



ment some firms do optimise prices while other firms cannot do it, the price index of goods produced in

either economy is proxied by an average of the optimal price level and prices adjusted according to the

indexing mechanism, weighed by the degree of price rigidity.

Since households consume goods produced in either country, the consumer price index is given by the

average of producer price indices in the home and foreign economies, weighed by the share of domes-

tic goods consumption ( )� and imported goods consumption (1-�). The index for the union will be the

average of the national indices weighed by the respective size of the country.

Considering that this is a monetary union model, the nominal exchange rate will always be equal to

one. As consumption goods are freely traded across countries, prices of the same goods are equal in

the home economy and in the foreign economy. The pricing-to-market hypothesis (Obstfeld and

Rogoff, 1996; Betts and Devereux, 2000) is therefore not viable in this model.

Given that the model shows a significant degree of nonlinearities, a straightforward solution is not

available. Therefore, this paper follows literature and presents an analysis in terms of log-deviations

from the steady state.8 The monetary policy rule is introduced ad-hoc and is not a result of the optimi-

sation programme. Following the extended use of Taylor rules in the literature, the central bank will re-

spond to inflation and output deviations from the steady state, assuming that the central bank target for

inflation is the steady state level. The monetary authority also shows a preference for smoothing the in-

terest-rate path. Moreover, the rule is widened so that the central bank may respond to short-term

changes in inflation and output (Smets and Wouters, 2003). Finally, the central bank is also subject to a

monetary shock that may lead to surprises in the interest rate. Therefore, the monetary policy rule may

be expressed as follows:

� � ( )( �

� ) ( � � ) (R R YR t R t y t t t y� � � � � � �� �� � � 	 � � 	 	 �	 	1 11 
 

� � ) �Y Y mt t t� ��1 (2.2)

where �Rt , �	 t and �Yt are, respectively, the interest rate, inflation and output deviations from the steady

state in the area, and �m t is the monetary policy random shock.

The welfare function in either country is defined from the utility function of the representative house-

hold, corresponding to the aggregation of the utility of all households in each country (Benigno and

Woodford, 2004).9

3. WELFARE ANALYSIS

3.1. Calibration of the model for the reference case of a homogeneous union

At a first stage, the model is calibrated so as to replicate the case of a homogeneous union, i.e. coun-

tries have the same size, there is no home bias and the remaining parameters are equal for both coun-

tries. Calibration is close to the results of estimated DSGE models for the euro area, e.g. the Smets

and Wouters (2003) model.10

The intertemporal discount rate of households is calibrated so that the annual steady-state real inter-

est rate is close to 4%. Since it is assumed that there is no home bias in the reference case of a homo-
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(8) The log-linearised model equations are presented in appendix, where variables in terms of log-deviations from the steady state are given by ^.9

(9) The welfare function is proxied by a second-order Taylor expansion of the household utility aggregation of each country. Welfare depends on the

steady-state welfare levels, namely of consumption, and on the dynamics of the economy when responding to shocks. Worthy of mention as factors with a

bearing on welfare are price and wage inflation volatility, consumption and output volatility, and the interaction between output dynamics and the shocks

affecting the economy (except the monetary policy shock). 10

(10) Appendix 5.2 presents the values of the calibrated parameters.11



geneous union, the parameter � is calibrated to 0.5. The persistence of consumption is calibrated to

0.6, in line with the estimation by Smets and Wouters (2003), but slightly below the value estimated for

a smaller euro area model such as in Jondeau and Sahuc (2008).11 The intertemporal elasticity of sub-

stitution of consumption is calibrated to around 0.7, in line with the hypothesis widely spread in real

business cycles literature of an elasticity ranging from 0.5 to 1. In turn, labour supply elasticity is cali-

brated to around 0.4. The degree of wage rigidity is calibrated to 0.7, meaning that, on average, house-

holds take 3 to 4 quarters to optimise wages. In those quarters when wages cannot be optimised,

these are adjusted by 75% of consumer price inflation in the previous period. In turn, the degree of

price rigidity is calibrated to 0.9, hence firms optimise their prices every 10 quarters, on average. Galí

et al. (2001) have also reached a high value close to 0.9 for price rigidity in the euro area when estimat-

ing a Phillips curve with constant returns to scale in the production function.12 During those quarters

when firms do not optimise prices, these are adjusted by 50% of producer price inflation in the previous

period. Therefore, according to Smets and Wouters’ results (2003), the model presents greater nomi-

nal rigidity in prices than in wages. The elasticity of labour demand is calibrated to 3, meaning that

wage markup is 1.5. A calibrated value of 6 for price-elasticity of demand implies a price markup of 1.2,

which is in line with the 1.1-1.4 range usually acknowledged in literature (Galí et al., 2001, Christiano et

al., 2005). The calibration used in the monetary policy rule is also in line with most literature. The inter-

est rate exhibits relatively high persistence, with an autocorrelation coefficient of 0.8. The central bank

gives more weight to inflation deviations from target than to output deviations, which is in line with the

literature (1.7 weight on the rule for inflation and 0.1 for output). The weights of the differential compo-

nents of output and inflation on the monetary policy rule are also relatively low (0.15). The monetary

policy shock is not assumed to show persistence, given that the interest rate already has a high

persistence level. Preference, labour supply and productivity shocks show high persistence, according

to literature.

3.2. Monetary policy rules

This section examines the impact on welfare of the different rules that may be followed by the central

bank. For this purpose, the following string of rules was considered:

1. Original rule � . � . ( . � . � ) . ( � � ) .R R Yt t t t t t� � � � � ��0 8 0 2 1 7 0 1 0 15 01 	 	 	 �� 15 1( � � ) �Y Y mt t t� ��

2. Rule without differential components ( )� �	
 
� �y 0

3. Rule without interest rate smoothing ( )� R � 0

4. Simple Taylor rule ( )� � �	
 
� � �y Re0 0

5. Low weight on inflation ( )� 	 � 1

6. High weight on inflation ( )� 	 � 2

7. No weight on the output gap ( )� y � 0

8. High weight on the output gap ( )� y � 1

The rule originally defined in the model (rule 1) is similar to that estimated in the model for the euro area

by Smets and Wouters (2003). In rule 2, the central bank does not react to short-term developments in

inflation and output. Rule 3 evaluates the impact of the preference for smoothing the interest rate path.

If there is no interest rate persistence, the inflation and output targets may be reached faster. Most liter-
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(11) The calibrated value is also close to the value estimated for the USA in Christiano et al. (2005)1211111111111111

(12) However, when compared to other estimations, namely for the USA, the assumption implies great price rigidity (Christiano et al., 2005).1312121212121212



ature considers as quite valid the hypothesis of interest rate smoothing, since less interest rate volatil-

ity may be deemed important for the welfare of the economies. Moreover, the uncertainty regarding the

true model of the economy and the impact of shocks warrant a more cautious approach by central

banks (Martins, 2000). A simple Taylor rule is also examined, which only reacts to inflation and output

deviations (rule 4).

A second string of rules evaluates the relative importance assigned by the central bank to inflation and

output stabilisation around the target (rules 5 to 8). The existence of a short-term trade-off between

output and inflation stabilisation justifies the analysis of the impact of this option of the central bank on

welfare. If the central bank responds to inflation and as a result the interest rate changes less than in-

flation, monetary policy may then contribute to generate more volatility in the economy (Clarida et al.,

2000). Therefore, 1 is the lowest value that the monetary authority is deemed to place on the inflation

weight on the rule. As higher values are placed on the inflation weight, the rule gradually allows for

sharper shock adjustment (Clarida et al., 2000). If the monetary authority places more relevance on

output stabilisation, then its relative weight on the rule is expected to increase.

The results for the different heterogeneity sources (see Charts 1, 2 and 3) show that the comparison of

the different rules is not affected by the rigidity source considered. In any case, rules with a higher rela-

tive weight on inflation, compared to their weight on the output gap generate better results in terms of

welfare in either country and at the union level. In turn, rules with relative higher weight on the output

gap lead to higher losses in terms of welfare, when compared to the other rules. In this model, rules

with a relatively higher weight on inflation are those that better stabilise this variable. This suggests

that, given the effects of the rules on welfare, inflation volatility is relevant for welfare levels. In effect,

the agents are deemed to assign high importance to inflation volatility in the welfare function. Inflation

volatility is also expected to affect consumption and production decisions by households and firms.

The comparison of the different rules is in line with most literature. Indeed, it seems to be consensual

that the central bank should react more strongly to inflation. Clarida et al. (1999) mention that, under

commitment, the optimal policy leads the central bank to respond more aggressively to inflation than to

output. Gomes (2004) indicates that the policies allowing for greater stabilisation of inflation are not the

same inducing greater stabilisation of output around the steady-state level.

In turn, the group of policy rules that compare different rule structures (rules 1 to 4) leads to rather

close welfare levels, suggesting that the choice of the central bank among the different formulations is

not very relevant. If the central bank opts for smoothing the interest-rate path, welfare declines slightly.

However, this result may depend on the type and size of the main shocks in the economy.

3.3. Heterogeneity as regards the home bias

This sub-section introduces heterogeneity in the monetary union, by changing only one parameter

separately in the home economy vis-à-vis the reference calibration (section ). The first heterogeneity

source to be analysed is the home bias, where the foreign economy remains with no home bias

( * . )� � 0 5 . The impact on welfare from changing the home bias in the home economy is analysed, i.e.

the scenario when domestic households prefer to consume imported goods ( . )� � 0 5 and when they

prefer domestically produced goods ( . )� 
 0 5 . Chart 1 presents the main results.

Different levels of home bias across countries has impacts mainly on the steady-state welfare, since

the dynamics of the economies remain relatively unchanged. When the home bias is lower in the home

economy( . )� � 0 5 , preference for domestic goods and, therefore, demand for these goods are lower,

as well as their production. Labour utilisation is thus lower in domestic firms. In turn, firms in the foreign
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economy increase production in response to higher demand for their goods and, as a result, the

amount of labour used increases. Given that labour elasticity is lower than consumption elasticity in

households, sharper changes are observed in consumption than in labour in each country. As a result

of the combined effect of the decline (increase) in labour and of the increase (decline) in consumption

in the home (foreign) economy in view of these lower levels in home bias in the home country, welfare

is slightly higher in the home economy and, in contrast, it is lower in the foreign economy. However, the

best result in terms of welfare for the union and for either country is reached when the countries are

complementary as regards the home bias, i.e. when the overall preference of the union is similar for

goods of either country. This does not mean that the countries must be equal, but if the preference of

the home economy for domestic goods is high, then the preference for domestic goods by households

in the other country should be low (i.e. � �� �* 1).

3.4. Heterogeneity as regards nominal rigidity

It can be assumed that the economies may differ as regards the degrees of price and wage rigidity. The

analysis of the effect of this heterogeneity source requires the parameters reflecting the rigidity degree
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Chart 1
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on wages � w
D and prices � p

D in the home economy to be changed separately. This type of differences

across countries in the union does not change the steady-state welfare, but has significant effects on

the dynamics of the economies. Charts 2 and 3 present the results of the impact on welfare of changes

in the wage and price stickiness parameters, respectively, of the home economy.

In general, when rigidity is reduced in the home economy while it is high in the foreign economy, this

leads to a decline in welfare in either economy. This is chiefly due to the fact that more flexibility gener-

ates more volatility, particularly of inflation, which deteriorates welfare. The more flexible country,

namely as regards price setting, tends to present a lower welfare level. It is also interesting to stress

some results in terms of heterogeneity as regards wage rigidity. On the one hand, whereas wages are

more flexible in one of the countries, the impact in terms of welfare is virtually nil. However, when the

parameter of wage rigidity is raised in one of the countries, especially above the level of price sticki-

ness, welfare drops significantly. This means that, in addition to heterogeneity at the union level, the in-

teraction between price and wage rigidity also seems to be relevant for welfare. Therefore, this paper

also presents a more detailed analysis of these effects.
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Chart 2

WELFARE LEVELS FOR DIFFERENT DEGREES OF WAGE RIGIDITY IN THE DOMESTIC ECONOMY
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3.4.1. Interaction between price and wage rigidity

The analysis in this section is presented in two stages: first, considering that countries remain equal at

all times, the effects of changing nominal rigidity degrees is evaluated (Chart 4); at the second stage,

only the home economy parameters are changed, in order to evaluate the interaction between price

and wage rigidity (Chart 5). In either case, the monetary policy rule is maintained (following rule 1 and

the central bank keeps on responding to the aggregated variables, and the other countries’ parameters

are kept unchanged. In addition, this analysis refers only to the effects on short-run dynamics of the

economies in response to shocks, given that, as previously mentioned, changes in the nominal rigidity

parameters would not change the steady state.

Chart 4 shows that flexible wages and prices actually generate the best situation in terms of welfare

(point A in the Chart). When countries start from the scenario of the most flexible prices and wages as

possible (panel (b) of Chart 4), increasing stickiness leads to a decline in welfare (moving from the left-

to the right-hand side of the Chart), which is all the more significant when only wage rigidity increases

while prices remain flexible. In turn, when countries start from the baseline scenario of a high degree of

nominal rigidity (panel (a) of Chart 4), raising the overall degree of flexibility of the economies improves

welfare, but decreasing only price rigidity while maintaining wages sticky deteriorates welfare. In this
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Chart 3

WELFARE LEVELS FOR DIFFERENT DEGREES OF PRICE RIGIDITY IN THE HOME ECONOMY

Home economy

-300

-250

-200

-150

-100

-50

0

0.05 0.2 0.35 0.5 0.65 0.8 0.95
Price rigidity in the home economy

W
e
lfa

re
u

n
its

Foreign economy

-120

-100

-80

-60

-40

-20

0

0.05 0.2 0.35 0.5 0.65 0.8 0.95

Price rigidity in the home economy

W
e
lfa

re
u

n
its

Area wide

-200

-180

-160

-140

-120

-100

-80

-60

-40

-20

0

0.05 0.2 0.35 0.5 0.65 0.8 0.95
Price rigidity in the home economy

W
e
lfa

re
u
n
its

Rule 1

Rule 2

Rule 3

Rule 4

Rule 5

Rule 6

Rule 7

Rule 8

Note: The degree of rigidity increases in tandem with its parameter value. In the foreign economy, the price rigidity parameter stands at 0.9.



case, prices accommodate more the effect of shocks, and therefore inflation becomes more volatile,

given that adjustments via wages, which remain sticky, are more time-consuming. This is the worst sit-

uation for households and firms. Hence, the main conclusions to be drawn from the interaction among

rigidity types with similar countries are the following: (i) more flexibility allows for higher welfare, (ii)

price flexibility has an impact on welfare more significant, but (iii) a very high degree of price and wage

rigidity also translates into one of the best results in terms of welfare. In this case, prices and wages

react little to shocks and, as a result, they show very low volatility, which largely explains this result.

In an economy with sticky wages and flexible prices, firms may easily adjust prices to marginal costs.

However, households cannot optimise wages, but may update it to a quite high share (75%) of con-

sumer price inflation in the previous period. Ultimately, price developments are being determined by

past inflation, which is also the main determining factor of the central bank response. In turn, wages

take much longer to resume their optimal level, and monetary policy does not take into account their

development. Therefore, inflation volatility is rather high and, as a result, the welfare level is

considerably lower.

When heterogeneity is introduced across countries as regards the parameters reflecting nominal rigid-

ity, conclusions change slightly. Whereas in Chart 4 countries remain equal at all times, Chart 5 pres-

ents the results when nominal rigidity parameters in the home economy are changed, while in the

foreign economy the degree of nominal rigidity remains high (panel (a)) or very low (panel (b)). More

flexible economies continue to be the preferable situation in terms of welfare, but only when countries

are similar. If countries start from a situation of great flexibility and the rigidity degree increases in the

home economy (panel (b) of Chart 5), it can be seen that welfare in the foreign economy remains virtu-

ally unchanged, but welfare in the home economy drops considerably, more so when only wage sticki-

ness is raised. In turn, if the starting situation is the baseline scenario (section ), in which both countries

show high nominal rigidity, and if nominal rigidity parameters are changed in the home economy (panel

(a) of Chart 5), then there are welfare losses for the union, although this does not imply that the situa-

tion deteriorates in both countries. In effect, if the home economy reduces overall rigidity, it may im-
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Chart 4

WELFARE LEVELS FOR DIFFERENT DEGREES OF NOMINAL RIGIDITY, MAINTAINING COUNTRIES EQUAL

AT ALL TIMES

(a) Countries are rigid at the start (b) Countries are flexible at the start
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Chart 5

WELFARE LEVELS FOR DIFFERENT DEGREES OF NOMINAL RIGIDITY ON THE HOME ECONOMY

(a) Foreign economy is sticky and home economy

rigidity degrees change

(b) Both countries are flexible at the start

and increase rigidity in the home economy
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Note: Each line corresponds to the welfare according to the nominal rigidity parameter being changed in the home economy. The charts in column (a) illustrate the case where, when only

one rigidity source in the home economy is changed, the other source maintains the baseline calibration according to which economies are sticky, as well as the foreign economy calibra-

tion. That charts in column (b) illustrate the case where, when only one rigidity source in the home economy is changed, the other source maintains the calibration closer to the flexible

price/wage scenario, as well as the foreign economy calibration.



prove welfare, but the situation deteriorates considerably in the foreign economy. The home economy

is able to adjust more quickly to shocks and the policy response will be more contained than if both

countries were very rigid. This situation would have a negative impact in the most rigid country. In turn,

when only one source of nominal rigidity is flexible, there are welfare losses, given that the economy

adjustment to shocks occurs via prices or wages, depending on which is more flexible, and via its im-

pact on activity. When the home economy only raises wage flexibility, the decline in the welfare level is

relatively low and similar across countries. However, when the home economy only reduces price

stickiness while wages remain rigid, then the welfare level drops in both countries, although more

markedly in the home economy. In this case, inflation volatility of the home economy is higher because

prices adjust more quickly to shocks, thus contributing to a substantial fall in welfare in this country.

The abovementioned strong impact on welfare elapsing from the existence of price flexibility with wage

rigidity is again confirmed.

From the model analysis, it is possible to conclude that there is an incentive for coordinated policies

among the union member regions, which would foster price and wage flexibilisation.

3.5. Countries’ weight on the monetary policy rule

There is in literature some papers that seek to evaluate central bank optimal policy in a monetary union

with heterogeneity across regions. Benigno (2004) suggests that the central bank should respond

more aggressively to inflation in the country with greater rigidity. Jondeau and Sahuc (2008) advance

arguments suggesting that central banks should take into account the specificities of the member

countries when defining monetary policy.

In this context, and evaluating only the impact of simple rules,13 one can inquire whether, in the context

of this model, the central bank should consider the economic behaviour of each country instead of ex-

amining only the aggregate. It is assumed that the central bank follows the above rule 2 (Taylor rule

with interest rate smoothing), but instead of responding to the aggregated variables calculated from

the average of the individual variables weighed by country size, it may weigh inflation and output of

each country based on a different share, other than size. In this way, it would be interesting to know

which weight the central bank shall assign to each country, considering that these may be different in

terms of their nominal rigidity degrees.

The results of the model are in line with the main conclusions found in literature. When there is hetero-

geneity regarding the degree of nominal rigidity between the union members, and considering that the

central bank can observe each country stickiness levels, then the central bank should respond more

strongly, relatively to countries’ size, to the macroeconomic variables of the more rigid country, since

that leads to a higher welfare level. For instance, Chart 6 shows that, in the case of low overall degree

of nominal rigidity in the home economy, the welfare of the union would be higher if the central bank

would weigh inflation and output in this economy with a weight below the real size of the country. In this

case, the adjustment to shocks in the home economy occurs more quickly, wherefore the central bank

may seek to contribute more to the stabilisation of the other economy, where this process is slower.

The central bank should follow this strategy when countries are different in just one of the two types of

rigidity or in both simultaneously. In most cases, this strategy has better results in terms of welfare for

the union and for individual countries. It should be mentioned that when countries are more similar, the

weight of each country on the rule is closer to the country size and welfare gains due to a change in

weight are minimal.
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(13) This article does not present an analysis of optimal policy. Galí (2002) mentions that simple rules are a good proxy to optimal rules and, in addition, are better

understood by economic agents. 14



4. CONCLUSION

This articles presents an analysis of the effects on welfare from considering heterogeneity across

member countries in a monetary union, based on a two-country simple dynamic stochastic model. Het-

erogeneity sources considered are the home bias, i.e. the preference of households for consuming do-

mestically produced goods, and the price and wage rigidity degrees.

Some findings on the importance of heterogeneity in a monetary union are presented. As regards the

home bias, countries should preferably complement each other, since this would permit them to reach

a higher welfare level. The analysis of heterogeneity as regards nominal rigidity degrees leads to the

following main conclusions:14

• More flexible economies lead to higher welfare for the union, as long as countries are identical,

especially as regards nominal rigidity levels;

• Price flexibility with wage rigidity has a strong negative effect on welfare;

• Introducing heterogeneity in nominal rigidity degrees across countries in a monetary union

may have negative effects on welfare, justifying coordination among countries;

• If the central bank can observe country specificities, it should respond more aggressively to

deviations from target of the most rigid country.
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Chart 6

AREA WIDE WELFARE IN CASE OF CHANGES IN THE DEGREE OF OVERALL RIGIDITY IN THE HOME

ECONOMY AND IN THE WEIGHT OF THE HOME ECONOMY ON THE MONETARY POLICY RULE

(14) It should be recalled that these conclusions derive from the analysis of short-term dynamics of the economies in response to shocks considered in the

model, since different nominal rigidity levels do not change the steady state in this model. 15



Nevertheless, it is important to recall that these findings are taken from simulations carried out in a sim-

ple model, not including capital or government. Therefore, with a view to enrich the study and under-

standing the robustness of the results, a future research line could incorporate capital and government

in the model, since the interaction between monetary policy and fiscal policy may ease or even elimi-

nate the negative effects of asymmetries or idiosyncratic shocks in a monetary union (Adão et al.,

2006).

Given the importance of wage rigidity when prices are sticky, there is a possibility that labour mobility at

the union level could alleviate such negative effects, given that firms may better adjust production ac-

cording to the specific shocks affecting the economies.

Finally, bringing the model closer to statistical data, another possible line of future research could be

the estimation of the model. Following Pytlarczyk (2005),15 one could assume that one of the countries

would be Portugal and the other would be the rest of the euro area. This would make it possible to in-

vestigate the possible structural differences and the effects of monetary union in Portugal.

5. APPENDIX

5.1. The model defined in terms of log-deviations from the steady state
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(15) Pytlarczyk (2005) presents an estimated model for Germany and the rest of the euro area.16
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Table 1

PARAMETER VALUES USED IN THE CALIBRATION AND SIMULATION OF THE MODEL IN HOMOGENEOUS

COUNTRIES (EQUAL PARAMETERS IN BOTH ECONOMIES)

Parameter Description Value

� Intertemporal discount factor 0.99

h Consumer persistence 0.6

� c Relative risk aversion coefficient on consumption 1.4

� Home bias 0.5

� L Relative risk aversion coefficient on labour supply 2.4

� w Wage indexation 0.75

� w Probability of not optimizing wages 0.7

� Labour demand elasticity 3

� p Price indexation 0.5

� p Probability of not optimizing prices 0.9

� Price elasticity 6

n Size of the home economy 0.5

� R Interest rate smoothing 0.8

� 	 Weight of inflation on the monetary policy rule 1.7

� y Weight of the output gap 0.1

� 	
 Weight of the inflation differential 0.15

� 
y Weight of the output differential 0.15

� b Persistence of the preference shock 0.85

� L Persistence of the labour supply shock 0.89

� a Persistence of the productivity shock 0.82

� m Persistence of the monetary policy shock 0

Size of the preference shock 0.4

Size of the labour supply shock 3

Size of the productivity shock 0.6

Size of the monetary policy shock 0.1



6. REFERENCES

Abel, Andrew B. (1990), “Asset Prices under Habit Formation and Catching up with the Joneses”, The

American Economic Review, 80 (2): 38-42.

Adão, Bernardino, Isabel Correia and Pedro Teles (2006), “On the relevance of exchange rate

regimes for stabilization policy”, Working Paper 16, October, Banco de Portugal.

Benalal, Nicholai, Juan L. D. Hoyo, Beatrice Pierluigi and Nick Vidalis (2006), “Output growth

differentials across the euro area countries – Some stylised facts”, Occasional paper 45, May,

ECB.

Benigno, Pierpaolo (2004), “Optimal monetary policy in a currency area”, Journal of International

Economics, 63 (2): 293-320.

Benigno, Pierpaolo and Michael Woodford (2004), “Optimal stabilization policy when wages and

prices are sticky: The case of a distorted steady state”, Working paper 10839, October, NBER.

Betts, Caroline and Michael B. Devereux (2000), “Exchange rate dynamics in a model of

pricing-to-market”, Journal of International Economics, 50 (1): 215-244.

Christiano, Lawrence J., Martin Eichenbaum and Charles L. Evans (2005), “Nominal rigidities and the

dynamic effects of a shock to monetary policy”, Journal of Political Economy, 113 (1): 1-45.

Clarida, Richard, Jordi Gali and Mark Gertler (1999), “The science of monetary policy: a new

Keynesian perspective”, Journal of Economic Literature, 37 (4):1661-1707.

Dhyne, E., L. J. Álvarez, H. Le Bihan, G. Veronese, D. Dias, J. Hoffmann, N. Jonker, P. Lünnemann, F.

Rumler and J. Vilmunen (2005), “Price setting in the euro area: Some stylized facts from

individual consumer price data”, Working paper 524, September, ECB.

Dickens, W. T., L. Götte, E. L. Groshen, S. Holden, J. Messina, M. E. Schweitzer, J. Turunen and M. E.

Ward (2006), “How wages change? Micro evidence from the International Wage Flexibility

Project”, Working paper 697, November, ECB.

European Central Bank (2003), Inflation differentials in the euro area: potential causes and policy

implications, September.

Fuhrer, Jeffrey C. (2000), “Habit Formation in Consumption and Its Implications for Monetary-Policy

Models”, The American Economic Review, 90 (3): 367-390.

Galí, Jordi, Mark Gertler and J. David López-Salido (2001), “European inflation dynamics”, European

Economic Review, 45: 1237-1270.

Galí, Jordi (2002), “New perspectives on monetary policy, inflation, and the business cycle”, Working

paper 8767, February, NBER.

Gomes, Sandra (2004), “Monetary policy in a currency union with national price asymmetries”,

Working Paper 16, July, Banco de Portugal.

Jondeau, Eric and Jean-Guillaume Sahuc (2008), “Optimal monetary policy in an estimated DSGE

model of the euro area with cross-country heterogeneity”, International Journal of Central

Banking, 4 (2): 23-72.

Martins, Fernando (2000), “Taylor rules”, Economic Bulletin, March, Banco de Portugal.

Banco de Portugal | Economic Bulletin

Autumn 2008 | Articles

172



Obstfeld, Maurice and Kenneth Rogoff (1996), Foundations of International Macroeconomics,

Cambridge: The MIT Press.

Pytlarczyk, Ernest (2005), “An estimated DSGE model for the German economy within the euro area”,

Discussion paper 33 (series 1), Deutsche Bundesbank.

Smets, Frank and Raf Wouters (2003), “An estimated dynamic stochastic general equilibrium model of

the euro area”, Journal of the European Economic Association, 1 (5): 1123-1175.

Soares, Carla (2008), “Impact on welfare of country heterogeneity in a currency union”, Working Paper

14, September, Banco de Portugal.

Economic Bulletin | Banco de Portugal

Articles | Autumn 2008

173



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


