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Monetary union can benefit countries suffering from policy credibility problems if it eliminates the inflation
bias and also allows for more efficient management of certain shocks. But it also carries costs as some
stabilization may be feasible even in the absence of credibility, and this may be more than what an individual
country can hope for in a monetary union. In this paper, we combine the stabilization and credibility branches
of the currency union literature and construct a simple welfare criterion that can be used to evaluate
alternative monetary arrangements. We produce examples where monetary union may be welfare improving
even for low-modest levels of inflation bias (2–3%) as long as business cycles are not too a-synchronized
across countries.
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1. Introduction

The literature on international monetary arrangements and, in
particular, on the issue of the optimal degree of exchange rate vol-
atility is quite large. Two general results seem to have emerged from
the recent literature. First, at least some degree of exchange rate
volatility is optimal. And second, the optimal degree of volatility may
involve a trade off between balancing the volatility of the real (CPI
based) exchange rate and that of the terms of trade (see Devereux and
Engel, 2007).

In the light of the first result, it would appear that international
monetary arrangements that eliminate all exchange rate variability,
such as a currency union, would be hard to justify on economic
welfare grounds alone. This, however, is not true as the literature on
optimal exchange rate regimes abstracts from a factor that has played
a key role in the formation of the European monetary union (EMU).
Namely, the differences in the degree of credibility enjoyed by
national monetary authorities. For instance, a country may participate
in a currency union as a means of delegating the conduct of its
monetary affairs to another country's authority. In abstracting from
issues of policy credibility, the new literature on optimal international
monetary arrangements is thus related to the branch of the earlier
literature on currency union that compared flexible exchange rate
regimes and currency unions on the basis of macroeconomic stability
alone.1 According to that branch, participation in monetary union is
invariably a costly affair, because a country loses control over its
monetary policy and cannot thus stabilize macroeconomic activity.
The size of the cost depends on traditional optimum currency area
criteria (see Tavlas, 1993, or de Grauwe, 2005) such as similarity in
economic structure and shocks, labor mobility and so on.

There is, however, a second branch of the optimum currency area
literature which assumes that the conduct of monetary policy does
differ across the two monetary environments. This branch focuses on
the possibility that the move to a new monetary arrangement is
entirely motivated and accompanied by the adoption of a more
efficient monetary practice. Hence, the loss of monetary control may
carry benefits. The standard example involves a country that suffers
from an inflation bias à la Barro and Gordon (1983), and which cannot
gain credibility through national means (such as making the central
ike the earlier literature, the new one uses measures of
ility that map into proper measures of welfare.
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bank independent). This country may eliminate its inflation bias
overnight simply by joining a union whose monetary policy enjoys
greater credibility (Giavazzi and Pagano, 1988). Many of the countries
that joined EMU are perceived as having acted according to this
logic. In this approach, monetary union participation represents an
unambiguously welfare improving proposition as issues of stabiliza-
tion never come into play in a country conducting its monetary affairs
in a sub-optimal, discretionary manner.

In this paper we argue that the complete abstraction from
stabilization issues in the credibility motivated monetary union
literature is not justified. Even monetary authorities that suffer from
an inflation bias can do some stabilization. Based on the work of
Woodford (2003) we demonstrate that this perhaps limited and not
always efficient ability for macroeconomic stabilization may still be of
value in ways that are emphasized by the first branch of the literature,
namely the one focusing on macroeconomic stabilization. But abstract-
ing from issues of credibility, as is done by the stabilization literature,
is not justified either, as monetary authorities in different countries
do seem to enjoy different levels of credibility. Consequently, both
branches may be needed in order to produce a relevant assessment of
the economic costs and benefits of alternative monetary arrangements.
Our paper does just that, namely, it merges these two distinct
approaches and makes it possible to study the decision to or not to
participate in amonetary unionwhen this decision involvesmeaningful
trade offs.2

Naturally, our paper is not the first one in the literature to attempt
this. Prominent recent examples are the papers by Alesina and Barro
(2002), and Cooley and Quadrini (2003). But Alesina and Barro do not
use a fully specified macroeconomic model and also rely on an ad hoc
Barro–Gordonobjective functionwhich is not a properwelfare criterion.
Cooley and Quadrini, on the other hand, use a fully specified, dynamic,
general equilibrium framework. Their model, though, is a model with
flexible prices. There is a widely held view that price rigidity is an
important feature of the real world and that the costs and benefits of
alternative international monetary arrangements are likely to be
affected significantly by the degree of price rigidity.3 It is consequently
worthwhile to revisit this issue in the context of the standard, sticky
price, macroeconomic model used nowadays for monetary analysis,
namely the New Keynesian (NK) model.4

We use the standard NK model to derive a simple, empirically
implementable criterion that relies on a standard parametrization and
provides a welfare evaluation of alternative monetary arrangements
for the model economy under consideration.

We apply our criterion under various scenarios. We produce
examples where even a modest inflation bias (in the range5 of 2–3%)
would justify participation in the EMU on standard economic welfare
grounds as long as the shocks were not too a-synchronized across
countries. But even if they were a-synchronized, a currency union
might still be preferable if cost-push shocks were more important
than other shocks. In general, however, the ranking is ambiguous, so
one would need to use a country specific DSGE model in order to
2 It is standard in the literature to assume that there is no inflation bias in a currency
union. However, Chari and Kehoe (2007) argue that such a bias may arise if fiscal
policies are not coordinated across the union members.

3 Cooley and Quadrini admit that their main result regarding the welfare improving
properties of a currency union owes much to the flexible price specification. They
speculate that this superiority would be likely overturned under fixed prices (because
of the greater significance of stabilization policy in that case). Our analysis shows that,
under a plausible calibration of nominal rigidity and shocks, this may not be the case.

4 Note that the NK model has been the standard vehicle of analysis in two related
literatures. One that studies the optimal degree of exchange rate flexibility (Benigno
and Benigno, 2003, Devereux and Engel, 2007). And another that deals with the
benefits from international policy coordination. The latter literature has been
preoccupied with issues of strategic interactions, rather than with the optimal choice
of the exchange rate arrangement; see, for instance, Canzoneri et al., 2005.

5 These seem to be below those present in Europe in the pre-EMU era, see Section 4.
evaluate the desirability of monetary union for that particular country
under consideration.6

The remaining of the paper is organized as follows. Section 2
presents the model. Section 3 considers alternative international mon-
etary arrangements in turn and Section 4 carries out the comparison of
these arrangements. The last section contains the conclusions.

2. The model

We use the small open economy model of Galí and Monacelli
(2005) with three modifications: First, we make all countries besides
the one considered identical in all respects, so that the rest of the
world can be considered as a single foreign economy; second, we
introduce domestic and foreign cost-push shocks; and, third, we allow
for the possibility of an inflation bias. For simplicity we assume, as Galí
and Monacelli (2005) do in their welfare analysis, that utility from
consumption is logarithmic and the elasticity of substitution between
domestic and foreign goods is equal to unity.7

2.1. The domestic economy

The domestic economy is a standard, small open New Keynesian
economy that is linked to the rest of the world through trade in
goods and assets, with a degree of openness given by α, 0bαb1. The
economy is described by a set of log-linear equations. Following
standard practice in the literature (seeWoodford, 2003, ch. 6, Galí, ch. 5,
2008), the log-linearization of the model as well as the second-order
approximation of the welfare measure are done in the neighborhood
of the – distorted – zero-inflation steady state as optimal policy is found
to require an equilibrium in its neighborhood (even in the case of large
distortions).

The Phillips curve is given by:

ΔpH;t = βEtfΔpH;t + 1g + κx̂t + ut ð1Þ

with 0bβb1 and κN0. pH, t denotes the GDP deflator (in domestic
currency) at date t, and

x̂t≡xt−x ð2Þ

is the deviation at date t of thewelfare-relevant output gap, xt, from its
zero-inflation steady-state value, x. Et{·} is the – rational – expectations
operator conditional on the information available at date t (which
includes current variables and shocks).Δ is thefirst-difference operator.
ut is an exogenous cost-push shock occurring at date t. The welfare-
relevant output gap is defined as

xt≡yt−yet ð3Þ

where yt is the actual and yt
e the efficient level of output respectively (see

the Appendix for the determination of the latter).
The IS equation is given by:

x̂t = Etfx̂t+1g− rt−EtfΔpH;t+1g−rrt
� �

ð4Þ

where rt denotes the short-term nominal interest rate at date t. The
natural rate of interest rrt is:

rrt = ρ + EtfΔat+1g ð5Þ

with ρN0. at is an exogenous productivity shock in period t.
6 Nonetheless, our analysis establishes that price rigidity does not per se create a
presumption against monetary union.

7 We later discuss whether deviations from these assumptions may impact on the
results.



8 Equivalently, we could write this social welfare loss function in a form that makes
the term linear in x̂t + k appear explicitly, as in Galí (2008, chap. 5) by expanding

the second quadratic term. Namely, Lt = Et

�
∑+∞

k=0β
k½ ΔpH;t+k
� �2 + δ x̂t+k

� �2
−

2δχx̂t+k�	 + t:i:p:, where “t. i.p.=δχ2/(1−β)” stands for “terms independent of

policy”.
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The terms-of-trade equation, which is derived from the law of
one price and an international risk sharing equation (see Galí and
Monacelli, 2005), can be written as:

yt = y�t + et + p�t−pH;t ð6Þ

where yt⁎ is the level of foreign output at date t, et is the nominal
exchange rate (i.e. the price of the foreign currency in terms of
the domestic currency) and pt⁎ is the foreign price level (in terms of
foreign currency).

The interest rate parity (UIP) equation is:

rt = r�t + EtfΔet+1g ð7Þ

with rt⁎ denoting the foreign, short-term, nominal interest rate at
date t.

2.2. The foreign economy

The foreign economy (the rest of theworld) is essentially a “closed”
economy in the sense that it is too big relative to the domestic
economy to be affected by anything other than foreign developments.
It is characterized by standard Phillips curve and IS equations, log-
linearized in the neighborhood of the zero-inflation steady state.

The Phillips curve takes the form:

Δp�t = βEtfΔp�t + 1g + κ x̂�
t + u�

t ð8Þ

where

x̂�
t≡x

�
t−x� ð9Þ

denotes the deviation at date t of the foreign welfare-relevant output
gap, xt⁎, from its zero-inflation steady-state value x ⁎. ut⁎ is an exogenous
cost-push shock in period t. The foreign welfare-relevant output gap
is defined as

x�t≡y
�
t−ye�t ð10Þ

where yt
e⁎ is the efficient foreign output level.

The IS equation takes the form:

x̂�
t = Etfx̂�

t+1g− r�t−EtfΔp�t+1g−rr�t
� � ð11Þ

where the natural rate of interest rrt⁎ is written:

rr�t = ρ + EtfΔa�t+1g ð12Þ

and at⁎ is an exogenous productivity shock.

2.3. The shocks

All four shocks are assumed to follow AR(1) processes:

ut = ρuut−1 + εut
at = ρaat−1 + εat

u�
t = ρu�u

�
t−1 + εu

�

t

a�t = ρa�a
�
t−1 + εa

�

t

where 0≤ρub1, 0≤ρab1, 0≤ρu*b1, 0≤ρa*b1, and εtu, εta, εtu*, εta* are
i.i.d. shocks with variances Vu, Va, Vu* and Va* respectively. We assume
that E{εtuεt+k

a }=E{εtuεt+ k
a* }=E {εtu*εt+ k

a }=E{εtu*εt+ k
a* }=0 for all k∈Z

and E{εtuεt+ k
u* }=E{εtaεt+ k

a* }=0 for all k∈Z�, and denote μa≡E{εtaεta*}
and μu≡E {εtuεtu*}.
3. Alternative international monetary arrangements

3.1. Social welfare loss functions

The period t utility of the representative domestic household is
given by

U Ct ;Ntð Þ = logCt−
N1 + φ
t

1 + φ

As shown in the Appendix, Part B, under the assumption that the
zero inflation steady state is characterized by a sufficiently small
distortion, the social welfare loss function for the domestic economy
takes the form8:

Lt = Et ∑ +∞
k=0β

k ΔpH;t+k

� �2
+ δ x̂t+k−χ

� �2� �� 	
; ð13Þ

where χ and δ are functions of the parameters of the model. In
particular, if one period represents one quarter and the inflation rate
is measured at a quarterly rate, δ =

κ
�
where � denotes the elasticity of

substitution between varieties produced in the domestic economy. χ
is given (see the Appendix, Part B) by

χ≡ � 1−τð Þ 1−αð Þ− �−1ð Þ
�−1ð Þ 1 + φð Þ : ð14Þ

α is the degree of openness (the share of foreign goods in domestic
consumption). τ is an exogenous proportional tax or subsidy. If χ is
positive (negative) then themodel will exhibit an inflation (deflation)
bias under discretion (see Eq. (16)). Given values for the other
parameters, the appropriate choice of τ – and thusχ – can generate an
inflation bias of a particular size. We establish later that for realistic
values of the inflation bias, χ is sufficiently small as to make the
minimization of this quadratic loss function subject to the linearized
structural equations lead to a correct linear approximation of the
socially optimal monetary policy.

As in Galí and Monacelli (2005) the domestic social loss function
(13) does not differ from that which would have obtained in a closed
economy. This is due to the assumption of unitary elasticity of
intertemporal and intratemporal substitution. De Paoli (2009) shows
that the welfare function would also include the real exchange rate if
one deviated from this assumption. We later discuss if and how a
more general specification might impact on our main results.

The social welfare loss function for the – essentially – closed
foreign economy takes the form:

L�t = Et ∑ +∞
k=0β

k Δp�t + k

� �2 + δ x̂�t + k−χ�� �2h in o
; ð15Þ

where χ ⁎ is a function of the parameters of the model.

3.2. Flexible exchange rate with optimal discretionary policy

In order to motivate participation in a monetary union with the
foreign country, we will assume that the conduct of monetary policy
differs significantly across the domestic and the foreign economies.
In particular, policy is conducted in a discretionary fashion in the
domestic economy, while there is policy commitment in the foreign
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economy.9 If the zero inflation steady state level of output falls short
of the efficient level then there is an inflation bias at home while no
such bias exists abroad.

The variables ΔpH, t, x̂t and rt are determined by Eqs. (1), (4), (5)
and the domestic interest-rate rule, while the nominal exchange
rate et is residually determined by Eq. (6), given the foreign country
equilibrium.

The domestic policymaker therefore chooses rt at each date t in
order tominimize Eq. (13) subject to Eqs. (1), (4) and (5). As shown in
the Appendix, Part C, this results in the following solution for
domestic inflation and the output gap:

ΔpH;t =
κδχ

κ2 + δ 1−βð Þ +
δut

κ2 + δ 1−βρuð Þ ð16Þ

and x̂t =
δ 1−βð Þχ

κ2 + δ 1−βð Þ−
κut

κ2 + δ 1−βρuð Þ ; ð17Þ

The solution has four important properties. First, ifχ is greater than
zero then there exists an inflation bias (the first term in Eq. (16)). This
term would have been absent in the presence of policy commitment.
The reason for the inflation bias is thatχN0means that the net effect of
the various distortions present in the model (imperfect competition,
distortionary tax, and terms of trade externality10) is to make actual
output fall short of its efficient level. A policymaker who cannot
commitwill systematically try to close this gap and thiswill generate a
positive rate of actual and expected inflation as in Barro and Gordon
(1983). Second, the IS shocks do notmatter for inflation and the output
gap. This is because these shocks do not generate a trade off between
inflation and output gap variability. That is, limiting the variability of
one also limits the variability of the other. As the same result would
have obtained under policy commitment this suggests that discre-
tionary policy involves an efficient response to some types of shocks.11

Third, the domestic variables are not affected by foreign shocks. This is
due to the assumption of a unitary elasticity of intertemporal and
intratemporal substitution. And fourth, the responseof the economy to
a domestic cost push shock differs from that under policy commitment
(see later). As is well known, the response under discretion is less
efficient than that under commitment because the policymaker cannot
rely on credibility to spread out (smooth) the reaction to a current
shock. Woodford (2003) contains a detailed discussion of this point.

Using Eqs. (13), (16) and (17) we obtain the following expression
for the unconditional mean of the loss function:

Lflex =
κ2δ κ2 + δ
� �

χ2

1−βð Þ κ2 + δ 1−βð Þ
 �2 +
δ κ2 + δ
� �

Vu

1−βð Þ 1−ρ2
u

� �
κ2 + δ 1−βρuð Þ
 �2 :

ð18Þ

3.3. Monetary union

We now consider the implications of monetary union for domestic
welfare. We will assume that the central bank in charge of monetary
affairs in the union can credibly pre-commit and in particular acts
according to Woodford's (2003) timeless perspective.
9 In this paper we take for granted the existence or absence of credibility in
monetary policy as its exact source does not matter for our analysis. There is a very
large literature – mostly from the late 80s and early 90s – that deals with the sources
of and remedies for lack of policy credibility.
10 See the discussion in Section 4 on the role of these distortions in generating an
inflation/deflation bias in the conduct of discretionary policy.
11 Note that for the same reason the response to IS shocks would remain efficient also
in a more general version of the model where foreign shocks would enter the domestic
IS curve.
Given the equilibrium in the foreign economy (see the Appendix,
Part D), the domestic variables ΔpH, t and x̂t are determined by
Eqs. (1)–(3), and (6) together with

et = e ð19Þ

and rt is determined by Eqs. (7) and (19). It is instructive to focus on
the special case with zero autocorrelation in the shocks, ρu*=
ρa*=ρu=ρa=0 (the solution for the case of autocorrelated shocks
can be found in the Appendix, Part E). In this case the equilibrium in
the domestic small economy is given by:

ΔpH;t = −κθεat + κ 1−θð Þ∑+∞
k=1θ

kεat−k

+ θεut − 1−θð Þ∑+∞
k=1θ

kεut−k

+ κθεa
�

t −κ 1−θð Þ∑+∞
k=1θ

kεa
�

t−k

+ ∑+∞
k=0 1−θð Þθk− 1−ωð Þωk

h i
εu

�

t−k

ð20Þ

and x̂t = − 1−κθð Þεat + κ∑+∞
k=1θ

k + 1εat−k−∑+∞
k=0θ

k+1εut−k

+ 1−κθð Þεa�t −κ∑+∞
k=1θ

k + 1εa
�

t−k

−∑+∞
k=0

κ
δ
ωk+1−θk+1

h i
εu

�

t−k

ð21Þ

where ω, θ and the polynomial P(X) are defined in the Appendix,
parts D and E. The corresponding unconditional mean of the loss
function of the small open economy is then

Lmu =
δχ2

1−β
+

Va + Va�−2μa
1−β

2κ2θ2

1+θ
+ δ−2κδθ +

κ2δθ2

1−θ2

" #

+
θ2Vu

1−βð Þ 1+θð Þ 2 +
δ

1−θ

� �
+

Vu�

1−β

�
1−θ
1+θ

+
δθ2

1−θ2

+
1−βω2

1+ω
−2 1−θð Þ 1−ωð Þ

1−θω
− 2κθω

1−θω

�

− 2θμu
1−β

2θ
1 + θ

+
δθ

1−θ2
−ω 2−θ−ωð Þ

1−θω
− κω

1−θω

� �

ð22Þ

4. Discussion

Eqs. (18) (with ρu=0) and (22) can be used to study the factors
that favor monetary union over a flexible exchange rate system. Some
special cases will help shed light on these factors.

4.1. Positive inflation bias, no shocks

Consider first a situation where the inflation bias is positive and
there are no shocks. This is typically the case analyzed in the branch
of the optimum currency area literature that focuses on issues of
credibility. In this case, the second term in Eq. (18) as well as all the
terms in Eq. (22) except for the first one involve variances and
covariances of the shocks and are thus equal to zero. The comparison of
the twomonetary arrangements reduces to comparing thefirst term in
Eq. (18) to that in Eq. (22). By combining these two expressions it can

be seen that monetary union dominates if and only if
2β−1

1−βð Þ2
N
δ
κ2

which is always the case as long as the discount factor, β, is sufficiently
high.12 Moreover, the advantage of participation in monetary union is
12 Under Woodford's timeless perspective approach there exist paradoxical cases
where commitment is dominated by the discretionary equilibrium. This result is well
known (see, for instance, Loisel, 2008). Commitment would always dominate if we
were to use a stronger version of commitment technology.



Table 1
Parameters.

β κ � δ=κ/� φ α

0.99 1/3 6 1/18 3 0.4

Table 2
Welfare comparisons of alternative regimes: the case of a zero inflation bias.a

Vu=0.0001,Va=0 Vu=0,Va=0.001 Vu=0.0001,Va=0.001

corr=0.9 +0.1748 −0.4078 −0.3684
corr=0 −0.5221 −1.2896 −1.3913
corr=−0.9 −0.7587 −1.7776 −1.9328

a The numbers represent the inflation equivalent of moving from a float under
discretion to amonetary union under commitment. A+means awelfare gain and a− a
welfare loss. There is NO inflation bias under discretion in the flexible exchange-rate
regime. Foreign shocks have the same variance as domestic ones, and all serial-
correlation parameters are set to zero.
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increasing in the size of the inflation bias (the value of χ) and
decreasing in theweight attached to the stabilization of the output gap
in the welfare function (δ). The value of this weight is determined
chiefly by the slope of the short run Phillips curve (κ).

All this is to be expected. In the absence of shocks there is no
need for national output gap stabilization, so there is no value to
independent (national) monetary policy. So let us now compare the
two regimes under the assumption that there is no inflation bias but
there are shocks. Is there a presumption that one regime would
perform better than the other?
14 Using 0.001 for the variance of the markup shock leads to identical welfare
rankings.
4.2. Shocks, no inflation bias

As argued above, for some shocks, stabilization under discretion
in a flexible exchange rate regime is efficient. This is true for IS
shocks, because the policymakers do not face any trade offs between
conflicting objectives (namely, output vs inflation stabilization) when
reacting to them. As a result, these shocks do not enter the optimal
levels of inflation and output and the objective function under
discretion. For IS shocks, monetary union lowers domestic welfare
unless the domestic and foreign shocks are perfectly positive
correlated (i.e. Va+Va*−2μa=0) in which case these shocks do not
enter the welfare function (22). The deterioration in welfare is higher,
the smaller the correlation between domestic and foreign IS shocks.

But for other shocks, such as the Phillips curve shock, which create
a trade off between inflation and output stability, the comparison of
the two regimes is less straightforward. On the one hand, the response
to the domestic cost push shock under discretion and flexible
exchange rates is inefficient relative to that under commitment. On
the other hand, the monetary authority in the currency union may
only pay limited attention to that shock as it is pre-occupied with the
union wide shock. There is thus a tension between an inefficient
response and an efficient but potentially limited response. Again the
correlation between domestic and foreign shocks plays an important
role for evaluating the relative desirability of a currency union. If
domestic and foreign shocks are positively correlated, then there is an
indirect appropriate reaction to the domestic shock even in the
absence of any direct response. Hence, to the extent that domestic
and foreign cost push shocks are highly, positively correlated, the
domestic economy will be able to enjoy – indirectly – a more efficient
response to its own cost push shocks through the union central bank
than it would have accomplished on its own. Monetary union is thus
welfare improving even in the absence of an inflation bias if the
correlation of domestic and foreign cost push shocks is sufficiently
positive.

As in the traditional optimum currency area literature, a positive
correlation of shocks works in favor of monetary union. Note,
however, that there is an important difference between our analysis
in the absence of an inflation bias and the traditional OCA approach. In
the latter, the country joining a monetary union can never be made
better off as far as macroeconomic stabilization is concerned. At best,
it will be indifferent if the shocks are perfectly, positively correlated
across countries. In our model, monetary union may bring about
positive macroeconomic stability gains if cost push shocks are the
main source of macroeconomic volatility and if they are sufficiently
positively correlated across countries.13 This is a novel element that
had not been identified before in the literature.
13 An example of this appears in Table 3 below.
In order to give a more quantitative flavor to these arguments we
have considered three specific correlation structures (very positive,
very negative and zero correlation of shocks). In order to highlight the
forces at work we have also considered each category of shocks
separately. The variance of the shocks is assumed to be 0.001 for
productivity and 0.0001 for markup shocks. The choice of these values
(note that the values do not matter for the qualitative patterns
obtained) was motivated by the fact that 0.001 is a commonly used
value for supply shocks. We know much less about markup shocks,
but using the value of 0.0001 leads to a variance decomposition
that assigns about 60%–65% to productivity and 35%–40% to markup
shocks, which seems reasonable.14 The rest of the parameters of the
model have been taken from the literature (Galí and Monacelli, 2005)
and are given in Table 1. The entries in Tables 2 and 3 give the inflation
equivalent of moving from a float under discretion to a monetary
union under commitment. By “inflation equivalent” we refer,
following Jensen (2002), to the value of the permanent increase in
the quarterly inflation rate relative to zero (expressed in percentage
points) that would generate a change in the unconditional mean of
the loss function equal to |Lmu−Lflex|, with a positive sign if Lflex≥Lmu

and a negative sign if LflexbLmu. It is computed according to the
formula:

Π ≡
100

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1−βð ÞjLmu−Lflexj

q
if Lflex ≥ Lmu

−100
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1−βð ÞjLmu−Lflexj

q
if Lflex b Lmu

8<
:

9=
;

Table 2 summarizes the welfare comparisons across regimes
under the assumption that the inflation bias (the pre-union average
inflation difference from the foreign country's rate) is zero. As explained
above, currency union is never welfare improving when the only
source of variation is productivity shocks (column 3). It can be welfare
improving in the presence of cost-push shocks but only when the
correlation of these shocks across countries is sufficiently positive
(column2) and such shocks have a sufficiently large variance relative to
productivity shocks.15

4.3. The general case

These two special cases (inflation bias with no shocks and shocks
without an inflation bias) discussed above bound themore interesting
cases which involve simultaneously an inflation bias and macroeco-
nomic stabilization considerations.

Table 3 summarizes thewelfare comparisons across regimes under
the assumption that the inflation bias (the pre-union average inflation
difference from the foreign country's rate) is 3% per annum. This is an
arbitrary number but we think it represents a good benchmark case
(see below, Table 4). Using higher values (say 6%) would stack the
cards too much in favor of credibility and eliminate any meaningful
15 For instance, using 0.001 instead of 0.0001 for the variance of markup shocks
would also make the first element of column 4 positive.



Table 4
Pre-EMU inflation differences.a

France Italy Greece Spain Netherlands

1960–98 2.44 4.91 8.46 5.78 0.99
1970–95 3.15 6.77 12.49 7.21 0.75
1970–90 4.08 7.68 12.27 8.21 1.01
1980–90 4.13 7.89 16.69 7.04 −0.05

a The numbers represent the average, CPI inflation difference of the country under
consideration vis a vis Germany during the specified period.

Table 3
Welfare comparisons of alternative regimes: the case of a 3% inflation bias.a

Vu=0.0001,Va=0 Vu=0,Va=0.001 Vu=0.0001,Va=0.001

corr=0.9 +0.7628 +0.6204 +0.6446
corr=0 +0.5279 −1.0545 −1.1766
corr=−0.9 −0.1563 −1.6152 −1.7845

a The numbers represent the inflation equivalent of moving from a float under
discretion to amonetary union under commitment. A+means a welfare gain and a− a
welfare loss. There is an annual inflation bias of 3% under discretion in the flexible
exchange-rate regime. Foreign shocks have the same variance as domestic ones, and all
serial-correlation parameters are set to zero.
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trade off between credibility and stabilization. Lower values (say 1%)
would not really constitute an interesting inflation bias.

Before reporting on the comparisons of alternative monetary
arrangements let us examine the properties of the optimal equilib-
rium. Setting the first term of Eq. (16) (the quarterly inflation bias)
equal to 0.03/4=0.0075, using the parameter values from Table 1 and
solving for χ gives a value of χ=0.0452. Plugging this value into
Eq. (14) and solving for τ gives a value of τ=−0.64. That is, in order
for the model to generate a 3% inflation bias in the conduct of optimal,
discretionary monetary policy, it requires the presence of a 64% tax.
Why is that so? Recall that in open economy models with mo-
nopolistic competition there are typically two distortions that optimal
monetary policy would like to address: the standard monopolistic
distortion and a terms of trade externality (see Corsetti and Pesenti,
2001). The former implies that the level of output is low relative to
its efficient level. In the absence of an appropriate output subsidy
that would bring output to its efficient level, this distortion gives rise
to an inflation bias in the conduct of optimal policy. The latter (the
externality) implies that lower domestic output would improve the
domestic terms of trade and could increase domestic – at the expense
of foreign – welfare. In the absence of an appropriate tax that would
reduce output and eliminate this incentive, this consideration imparts
a deflation bias in the conduct of discretionary monetary policy. Now,
in order to get themodel to exhibit a positive inflation bias, the former
effect must dominate, so that output must be low relative to what is
desired by the central bank. But under standard parametrizations of a
small open economy, it is the latter effect that tends to dominate. That
is, output turns out to be too high relative to the level that maximizes
domestic welfare. Consequently, in order to support a positive
inflation bias we need to not only introduce a positive tax but also
make it greater than the tax rate that would have led to a zero
inflation bias.16 We simply impose exogenously the tax rate required
to deliver the 3% annual inflation bias.

Are the distortions that lead to a 3% inflation bias “small” enough to
make the minimization of the quadratic loss function (13) subject to
the linearized structural equations deliver a correct linear approxi-
mation of the socially optimal monetary policy, as inWoodford (2003,
chapter 6) and Galí (2008, chapter 5)? Using the value of τ=−0.64 in
the expression for the zero inflation steady state level of output, Y,
leads to a value17 of Y/Ye=0.96. Hence the discrepancy between
the efficient and zero inflation steady states is about 0.04. Given the
size of fluctuations in the shocks as well as those in inflation and the
output gap, the assumption of a small enough steady state distortion
seems justified. Alternatively, one can compute the size of the
distortion at the zero inflation steady state – see the Appendix – as
Φ=1−(�−1)/(�(1−τ)(1−α))=0.18, which seems sufficiently
small.18 Yet another – and more direct – alternative is to compute
16 Under the parametrization used here the tax rate associated with a zero inflation
bias is 39%.
17 See the Appendix, part B.
18 In closed economies with monopolistic distortion and no production subsidy, a
value of Φ in the range of 0.15 to 0.20 is considered small for the purposes of
approximation. See Galí (2008, ch. 5).
welfare without making any assumptions about the size of the
distortion. In the Appendix we discuss the mechanics as well as the
difficulties of implementing such an approach, and we present the
corresponding results. It seems that not making any assumption about
the size of the distortion (that is, allowing the distortion to be
considered as large) leads to patterns that are identical to those
reported in Table 3.19

The properties of the results are consistent with the arguments
made above. The existence of a positive inflation bias may make
participation in a currency union more likely to be beneficial. Unlike
the case of zero inflation bias (Table 2) now monetary union may be
preferable even in the presence of only productivity shocks (top row,
column 3 in Table 3) as long as domestic and foreign supply shocks are
positively correlated or even if markups are less volatile than pro-
ductivity shocks.20

We do not know much about the international correlation of cost-
push shocks. But if it is positive (for productivity shocks, see Jondeau
and Sahuc, 2008) then this would create a presumption thatmonetary
union is likely to represent a welfare improving move even for
countries with a modest inflation bias.

How high are inflation biases in practice? Table 4 reports the
average CPI inflation differential vis a vis Germany for some EU coun-
tries. If these differentials are taken to reflect the average inflation
bias in these countries relative to Germany, then our analysis indi-
cates that for countries like Greece and Spain (and perhaps for Italy
depending on the period over which the inflation bias is computed)
there may have been little trade off involved. But for countries such as
France (and even the Netherlands) the decision to participate in EMU
may have involved a meaningful trade off between credibility and
stabilization.

We have run a large number of experiments involving variation in
the parameters of the model: Serial correlation in shocks, asymme-
tries across countries in the structure of the shocks, smaller and larger
inflation biases and so. The basic structure of and intuition for the
results reported above remains intact and it is easy to anticipate
how changes in the structure affect the relative merits of alternative
international monetary arrangements.

4.4. Caveats

The analysis has employed a set of special assumptions. In
particular, we have assumed unitary elasticities. Moreover, the
model lacks features that are present in country specific DSGE models
(such as investment) and that allow such models to reproduce
important, open economy stylized facts and thus serve as a more
reliable tool for quantitative analysis. Would the key insights of the
paper survive the relaxation of these assumptions? The answer is
affirmative.
19 We opted for working with the small distortion assumption because it is
analytically tractable, transparent and gives – conditional on this assumption –

accurate welfare rankings.
20 Naturally, the results reported are sensitive to both the specification of the model
and the calibration employed. We do not claim that our model economy corresponds
closely to any real economy in the world. Nonetheless, the standard calibration
adopted means that it has some realistic features and consequently, the results have
an indicative value.
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De Paoli (2009) derives the welfare function as well as the char-
acteristics of optimal policy under commitment (and also considers
some non-optimal rules) in a model that relaxes the unitary elastici-
ty assumption. Her main findings are that the welfare function also
includes the volatility of the real (CPI based) exchange rate.
Consequently, strict GDP deflator targeting is not optimal. And that
the degree of optimal exchange rate volatility depends on the elasticity
of substitution between domestic and foreign goods. Our view is
that these differences from our analysis do not affect the qualitative
properties of our results. Our results derive from the following con-
siderations: the existence of an inflation bias under a flexible ex-
change rate regime. The fact that discretion is associatedwith efficient
response to some shocks and inefficient response to some other
shocks. And that the correlation between domestic and foreign
shocks determines the degree of indirect stabilization the domestic
economy receives through the union central bank. All these factors
remain – and continue to play a key role – in more general models.
For instance, the existence of an inflation bias under discretion
depends on the type and size of the distortions present in the steady
state, hence it is a general feature. Similarly, the efficiency of the
response of monetary policy to a particular shock depends onwhether
this shock generates a trade off between the various objectives of
policy in combination with whether policy is characterized by
discretion or not. The existence of additional arguments in the welfare
function or additional shocks does not alter this property of themodel.
And finally the correlation between domestic and foreign shocks that
determines the degree of indirect stabilization the domestic economy
receives through the union central bank is invariant to the monetary
arrangement in place (the shocks are exogenous). Consequently,while
the more general specification employed by De Paoli (or a DSGE
version) would certainly affect the quantitative properties of the
model (for instance, the size of the inflation bias that tilts the scales in
favor ofmonetary union) it does not affect the qualitative properties or
the main mechanisms at work in our paper.
22 We are grateful to a referee for suggesting this approach.
23 The main problem with this procedure is that Eqs. (16) and (17) are mis-specified
both in functional form and in parameters when the distortion is not small. First, these
5. Conclusion

We have used the standard NK model to offer a synthesis of two
important but distinct branches of the monetary union literature: one
emphasizing credibility problems. And another emphasizing issues of
macroeconomic stabilization. Our main point is that lack of credibility
is not incompatible with some, perhaps imperfect but nevertheless
potentially welfare improving stabilization. Monetary union, on the
other hand, may not leave much room for stabilization in an
individual country, at least in the presence of an asynchronous
international business cycle. Under these circumstances, the relevant
comparison involves the welfare losses from high average inflation,
the benefits of inefficient, national stabilization and the benefits from
more efficient, union wide stabilization. Neither monetary arrange-
ment can always be superior and it cannot be determined on
theoretical grounds alone which of the two options is likely to be
associated with higher welfare.

Themain contribution of the paper is to suggest how these conflicting
considerations can be combined into a simple welfare criterion that can
be then used to judge the desirability of a currency union for a particular
country. Using a standard calibration for the parameters of the model
we produce examples that shed light on the main factors at work. For
instance, we find that participation in a currency union would be
economically justified even for low levels of inflation bias as long as
business cycles were not too a-synchronized across countries.21
21 A fruitful avenue for future research would involve working out the optimality of
the decision to join a currency union for specific countries in the context of a more
general and realistic model.
Our results complement similar results obtained by Cooley and
Quadrini (2003) in a limited participation model with flexible prices.
It could be due to the fact that macroeconomic stabilization is not
of great welfare value in modern macroeconomic models, perhaps
because they allow for a great deal of risk sharing. It remains to be seen
whether this presumption would be overturned in models with more
limited international risk sharing opportunities.

Appendix A. Welfare rankings without the assumption that the
distortion is small

The welfare results reported in Tables 2 and 3 have been derived
under the assumption that the steady state distortion is small. While
this assumption is convenient, there is no compelling way for
determining whether a distortion is indeed small or large. It would
thus be preferable to derive optimal policy and to compute welfare
without making any assumptions about the size of the distortion. The
Benigno and Woodford (2005) approach (henceforth B-W approach)
can be used to characterize optimal policy under commitment (under
the timeless perspective) and to compute welfare at the second order
when the distortion is not assumed to be small. Hence, it can be used
to compute the welfare of the small open economy that pegs its
exchange rate to (or joins a monetary union with) an economy that
operates under commitment. We have done so numerically using the
“Get Ramsey” routines of Levin and Lopez-Salido (2004).

Unfortunately, the B–W approach cannot be used to study optimal
discretionary policy when the distortion is not small (see footnote 46 p.
1215 in Benigno andWoodford, 2005). As a matter of fact, it is an open
questionwhether any perturbationmethod can be used to approximate
the solution locally in the latter case. This means that, when the
distortion is not small, it is not possible to use the B–Wapproach to rank
the alternative exchange rate regimes considered in our paper (or,more
generally, to compare discretion to commitment). One – superficial –
way to see why the B–W approach is not suitable for welfare analysis
under discretion in the case of a large distortion is that it requires
substituting out the linear term in the second-order approximation
of the utility function (from the second-order approximation of the
structural equations). But this linear term plays a crucial role under
discretionbecause it is the source of the inflationbias. Thedeeper reason
for the unsuitability of the B–W approach (and of similar methods) in
the case of large distortions and discretion is that the solution under
discretion involves finding fixed points in the space of functions
(because under discretion, the current discretionary solution depends
on the discretionary solutions in the future), rather than a sequence of
equations and endogenous variables as it is the case under commitment.
This represents a daunting and so far unsolved technical challenge that
is far beyond the scope of this paper.

Nonetheless, there exists a rough alternative that could prove
useful for comparing discretion to commitment when the steady state
distortion may be large.22 In particular, one could implement the
optimal discretionary policy computed under the small distortion
assumption (that is, either Eq. (16) or (17)) as a targeting rule in the
distorted small economy. And then use the corresponding value of
welfare at the second order as the welfare level under discretion23 to
be compared to the – properly computed – welfare level under a peg
policies are linear, so their use in the non-linear model of the distorted economy may
lead to a wrong value of welfare at the second order. Second, we know that under
commitment, the parameters of the optimal policy vary as a function of the size of the
distortion (see Benigno and Woodford, 2005). If they also vary under discretion (a
plausible conjecture), then also the parameters in the linear optimal discretionary
policy are mis-specified.



Table 5
Welfare comparisons of alternative regimes: the case of a zero inflation bias.a

Vu=0.0001,Va=0 Vu=0,Va=0.001 Vu=0.0001,Va=0.001

corr=0.9 +0.9833 −0.4558 +0.8660
corr=0 −0.9108 −1.4731 −1.7319
corr=−0.9 −1.6250 −2.0305 −2.5979

a The numbers represent the inflation equivalent of moving from a float under
discretion to amonetary union under commitment. A+means a welfare gain and a− a
welfare loss. There is NO inflation bias under discretion in the flexible exchange-rate
regime. Foreign shocks have the same variance as domestic ones, and all serial-
correlation parameters are set to zero.

Table 6
Welfare comparisons of alternative regimes: the case of a 3% inflation bias.a

Vu=0.0001,Va=0 Vu=0,Va=0.001 Vu=0.0001,Va=0.001

corr=0.9 +1.7932 +0.7570 + 1.7204
corr=0 +1.1084 −1.3151 −1.1533
corr=−0.9 −0.8701 −2.0080 −2.3706

a The numbers represent the inflation equivalent of moving from a float under
discretion to amonetary union under commitment. A+means awelfare gain and a− a
welfare loss. There is an annual inflation bias of 3% under discretion in the flexible
exchange-rate regime. Foreign shocks have the same variance as domestic ones, and all
serial-correlation parameters are set to zero. In the computation of welfare, no
assumption is made about the size of the steady-state distortion.
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(commitment). Tables 5 and 6 below have been obtained following
this procedure and are the analogues to Tables 2 and3 in the paper. They
exhibit exactly the same patterns. One may conclude that making
the assumption that the distortion is small does not affectmaterially the
results.

Appendix B. Derivation of the welfare loss functions

This Appendix derives a second-order approximation of the
representative household's utility function in the domestic economy
and the foreign economy. We follow closely Appendix D of Galí and
Monacelli (2005). The only two differences are the following. First,
while they assume that a constant employment subsidy or tax is in
place that makes the steady state efficient and the flexible-price
allocation optimal, we assume that a constant employment subsidy or
tax is in place that offsets most of, but not all, the steady-state
distortion. More precisely, we assume that the steady-state distortion
is of the same order of magnitude as fluctuations in the output gap or
inflation, i.e. of order one. Second, while they derive this second-order
approximation in the neighborhood of the flexible-price allocation,
we derive it in the neighborhood of the (distorted) zero-inflation
steady state, following Galí (2008, chap. 5).24

We first derive the second-order approximation of the representa-
tive household's utility function in the domestic economy. This utility
function is

Ut = Et ∑+∞
k=0β

k log Ct+k−
N1+φ
t+k

1+φ

" #( )
;

where Ct denotes the composite consumption index and Nt the hours
of labor of the representative household at date t, while φN0. Since, as
in Galí and Monacelli (2005),

ct = 1−αð Þyt + αy�t ;

where lower-case letters denote the logs of the corresponding upper-
case letters, we have

logCt = logC + 1−αð Þ ŷt + t:i:p:;

where letters without time subscript nor superscript e denote the
zero-inflation steady-state values of the corresponding variables (i.e.
C denotes the zero-inflation steady-state value of Ct), letters with a
“hat” denote the deviation of the corresponding variables from their
zero-inflation steady-state values (i.e. ŷt≡yt−y), and t. i.p. stands for
24 The (distorted) zero-inflation steady state corresponds to the (distorted) steady
state under commitment, at which the output level is lower than the output level at
the (distorted) steady state under discretion, itself lower than the output level at the
fictitious undistorted or efficient steady state.
“terms independent of policy” from the point of view of the small
open economy considered. Besides, we get

N1+φ
t

1+φ
=

N1+φ

1+φ
+ N1+φ n̂t +

1+φ
2

n̂2
t

 �
+ o Θ3

� �
;

where o(Θm) represents terms that are of order equal to or higher
than m in the bound on the amplitude of the relevant shocks and in
the size of the zero-inflation steady-state distortion. Since

Nt =
Yt
At

∫1

0

PH;t ið Þ
PH;t

" #−�

di

with A=1, where PH, t(i) denotes the price set by firm i in the
domestic economy at date t and

PH;t ≡ ∫1

0
PH;t ið Þ1−�di

� � 1
1−�

;

we have

n̂t = ŷt−at + zt ;

where

zt ≡ log∫1

0

PH;t ið Þ
PH;t

" #−�

di:

Now, the zero-inflation steady state coincides with the fictitious
flexible-price steady state determined by Galí and Monacelli (2005),
so that

�−1
�

= 1−τð ÞN1+φ
;

where τ denotes the constant employment subsidy (when positive)
or tax (when negative). Moreover, the fictitious efficient steady state,
also determined by Galí and Monacelli (2005), is characterized by

Ne� �1+φ = 1−α;

where letters without time subscript and with superscript e denote
the values of the corresponding variables at the fictitious efficient
steady state (i.e. Ne denotes the value of Nt at the fictitious efficient
steady state). Our assumption that the steady-state distortion is of
order one then implies

χ ≡ � 1−τð Þ 1−αð Þ− �−1ð Þ
�−1ð Þ 1+φð Þ =

� 1−τð Þ
�−1ð Þ 1+φð Þ Ne� �1+φ−N1+φ

h i
= o Θð Þ:
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Therefore

log Ct−
N1+φ
t

1+φ
= log C−N1+φ

1+φ
+ 1−αð Þ ŷt−N1+φ n̂t +

1+φ
2

n̂2
t

 �

+ o Θ3
� �

+ t:i:p:

= log C−N1+φ

1+φ
+ 1−αð Þŷt− 1−α− �−1ð Þ 1+φð Þ

� 1−τð Þ χ
� �

n̂t

−1+φ
2

1−αð Þn̂2
t + o Θ3

� �
+ t:i:p:

= log C−N1+φ

1+φ
− 1−αð Þzt +

�−1ð Þ 1+φð Þ
� 1−τð Þ χ ŷt + zt

� �
−1+φ

2
1−αð Þ ŷt−at + zt

� �2 + o Θ3
� �

+ t:i:p:

= log C−N1+φ

1+φ
− 1−αð Þzt + 1−αð Þ 1+φð Þχ ŷt+zt

� �
−1+φ

2
1−αð Þ ŷt−at+zt

� �2 + o Θ3
� �

+ t:i:p:

= log C−N1+φ

1+φ
− 1−αð Þzt + 1−αð Þ 1+φð Þχŷt

−1+φ
2

1−αð Þ ŷt−at
� �2 + o Θ3

� �
+ t:i:p:

= log C−N1+φ

1+φ
− 1−αð Þ zt +

1+φ
2

ŷt−at−χ
� �2� �

+ o Θ3
� �

+ t:i:p:

where the last but one equality follows from

zt =
�

2
vari pH;t ið Þ

n o
+ o Θ3

� �
= o Θ2

� �
;

as shown by Galí and Monacelli (2005). Since

∑+∞
k=0β

kvari pH;t + k ið Þ
n o

=
1
λ
∑+∞

k = 0β
k ΔpH;t+k

� �2
;

where λN0, as they also show, we get

Ut = U− 1−αð Þ�
2λ

Et ∑+∞
k = 0β

k ΔpH;t +k

� �2
+

λ 1+φð Þ
�

ŷt−at−χ
� �2� �� 	

+ o Θ3
� �

+ t:i:p:

Now, as shown again by Galí and Monacelli (2005),

Ye
t = At 1−αð Þ

1
1+φ

;

where letters with time subscript and superscript e denote the values
of the corresponding variables that would be chosen by a social
planner maximizing households' utility in the domestic economy
subject to the production function, the international risk-sharing
condition and the goods market clearing condition and taking foreign
variables as given (i.e. Yte denotes the fictitious efficient value of Yt
from the viewpoint of the domestic economy). Defining the welfare-
relevant output gap as

xt ≡ yt−yet ;

we therefore have

x̂t = yt−yet
� �

− y−ye
� �

= yt−yð Þ− yet−ye
� �

= ŷt−at ;

so that we finally get

Ut = U− 1−αð Þ�
2λ

Et ∑+∞
k = 0β

k ΔpH;t+k

� �2
+

λ 1+φð Þ
�

x̂t−χ
� �2� �� 	

+ o Θ3
� �

+ t:i:p:
Hence the choice of the welfare loss function

Lt = Et ∑+∞
k=0β

k ΔpH;t+k

� �2
+ δ x̂t−χ

� �2� �� 	

in the main text, where δ≡ λ 1+φð Þ
�

.

The second-order approximation of the representative house-
hold's utility function in the foreign economy is derived in a similar
way. The corresponding computations are the same as for the
domestic economy in the limit case where α=0. We therefore obtain

L�t = Et ∑+ ∞
k = 0β

k Δp�t + k

� �2 + δ x̂�t−χ�� �2h in o

where χ�≡ � 1−τ�ð Þ− �−1ð Þ
�−1ð Þ 1+φð Þ = o Θð Þ.

Appendix C.Determinationof theflexible exchange rate equilibrium

Note that parts C and D of this Appendix closely follow the
computations made by Loisel (2008) for a closed economy.

At each date t the central bank chooses rt so as tominimize Eq. (13)
subject to Eqs. (1), (4) and (5) or, equivalently, at each date t the
central bank chooses ΔpH, t and x̂t so as to minimize Eq. (13) subject to
Eq. (1). Since ΔpH, t+k and x̂t+k for k≥1 will be chosen in the future
and since today's choice of ΔpH, t and x̂t will not influence tomorrow's
choice of ΔpH, t+ k and x̂t+k (as the model is purely forward-looking),
the private agents' expectations Et{ΔpH, t+ k} and Et x̂t+k

� �
do not

depend on the choice of ΔpH, t and x̂t , so that the central bank con-
siders these expectations as given when minimizing Eq. (13) subject
to Eq. (1).

The first-order condition of the minimization programme at
date t is κΔpH;t + δx̂t = δχ, from which we derive Et ΔpH;t+1

� �
=

κ2+δ
βδ

ΔpH;t−
κχ
β

−ut

β
with the help of the Phillips curve taken at

date t. Similarly, for k≥1, the first-order condition of the mini-
mization programme at date t+k taken in expectations Et{.} is
κEt ΔpH;t+k
� �

+δEt x̂t+k
� �

= δχ, from which we derive the recur-

rence equation Et ΔpH;t + k + 1
� �

=
κ2 + δ
βδ

Et ΔpH;t + k
� �

− κχ
β

− ρkuut

β
with the help of the Phillips curve taken in expectations Et{.} at date
t+k. These two equations lead in turn to

Et ΔpH;t+k

n o
=

κ2+δ
βδ

 !k

ΔpH;t−
κδχ

κ2+δ 1−βð Þ−
δut

κ2+δ 1−βρuð Þ

� �

+
κδχ

κ2+δ 1−βð Þ +
δρkuut

κ2+δ 1−βρuð Þ

for k≥1. The solution to the optimization programme satisfies
therefore

ΔpH;t =
κδχ

κ2+δ 1−βð Þ +
δut

κ2+δ 1−βρuð Þ ;

since Lt would take an infinite value otherwise. The condition
κΔpH;t+δx̂t = δχ then leads to

x̂t =
δ 1−βð Þχ

κ2+δ 1−βð Þ−
κut

κ2+δ 1−βρuð Þ :
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Appendix D. Determination of the foreign economy equilibrium

The timeless-perspective equilibrium corresponds to the limit
case of the t0-commitment equilibrium when t0→−∞. At the t0-
commitment equilibrium, the central bank chooses at date t0 the
state-contingent path of rt* for all dates t≥ t0 so as tominimize Eq. (15)
subject to Eqs. (8), (11) and (12) taken all dates t≥ t0 or, equivalently,
it chooses at date t0 the state-contingent path of Δpt* and x̂�t for all
dates t≥ t0 so as to minimize Eq. (15) at date t0 subject to Eq. (8) taken
all dates t≥ t0. We follow the undetermined coefficients method to
compute the t0-commitment equilibrium, rewriting the variables in
the following way prior to the minimization of Lt0*:

Δp�t0 +k≡∑
k−1
j=0 aj;kε

u�

t0 +k−j + gk and x̂�t0 +k≡∑
k−1
j=0 bj;kε

u�

t0 +k−j + hk

for k≥0. We look for the coefficients aj, k, bj, k, gk and hk for k≥0
and 0≤ j≤k−1 which minimize Lt0* subject to Eq. (8) considered at
all dates, i.e. which minimize the following Lagrangian:

Et0 ∑+∞
k=0β

k Δp�t0 +k

� �2
+ δ x̂�

t0 +k−χ�
� �2� �� 	

−∑ +∞
k=0μk Δp�t0 +k−βEt0 +k Δp�t0 +k+1

n o
−κ x̂�t0 +k−u�

t0 +k

� �
:

The first-order conditions of the Lagrangian's minimization with
respect to a0, k for k≥1, aj, k for k≥2 and j∈ {1,...,k−1}, bj, k for k≥1
and j∈{0,...,k−1}, g0, gk for k≥1, hk for k≥0 can be respectively
written in the following way:

2βkVu�a0;k−μkε
u�

t0 +k = 0 for k≥1;

2βkVu�aj;k−μkε
u�

t0 +k−j+βμk−1ε
u�

t0 +k−j=0 for k≥2 and j∈ 1; :::; k−1f g;
2βkδVu�bj;k+κμkε

u�

t0 +k−j = 0 for k≥1 and j∈ 0; :::; k−1f g;
2g0−μ0 = 0;

2βkgk−μk + βμk−1 = 0 for k≥1;

2βkδ hk−χ�ð Þ + κμk = 0 for k≥0;

and the Phillips curve considered at all dates provides the following
two additional equations:

βaj+1;k+1−aj;k + κbj;k = −ρj
u� for k≥1 and j∈ 0; :::; k−1f g;

βgk+1−gk + κhk = −ρk
u�u

�
t0

for k≥0:

Let us note u≡k− j, v≡ j, Au, v≡aj, k and Bu, v≡bj, k, so that Au, v and
Bu, v characterize respectively the responses of Δpt0+ u+ v* and x̂

�
u+v to

εuu*. Our eight equations are then equivalent to the following systems
of equations:

κg0 + δh0 = δχ�

κgk+1 + δhk+1−δhk = 0

βgk+1−gk + κhk = −ρku�u�
t0

for k≥0

for k≥0

8>><
>>: ð23Þ

and

κAu;0 + δBu;0 = 0

κAu;v+1 + δBu;v+1−δBu;v = 0

βAu;v+1−Au;v + κBu;v = −ρvu�

for u≥1

for u≥1 and v≥0

for u≥1 and v≥0

:

8>><
>>: ð24Þ
System (23) implies that the coefficients gk satisfy the following
equations:

βδg1− κ2 + δ
� �

g0 = −κδχ�−δu�
t0
;

βδgk+2− βδ + κ2 + δ
� �

gk+1 + δgk = δ 1−ρu�ð Þρk
u�ut0

for k≥0:

The latter equation corresponds to a recurrence equation on the gk
for k≥0. The corresponding characteristic polynomial has three
positive real roots ρ, ω and ω′ with:

ω≡
βδ + κ2 + δ
� �

−
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
βδ + κ2 + δ
� �2−4βδ2

q
2βδ

b1;

ω′ ≡
βδ + κ2 + δ
� �

+
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
βδ + κ2 + δ
� �2−4βδ2

q
2βδ

N 1:

The general form of the solution to the recurrence equation is
therefore gk=p1ρk+p2ωk+p3ω′k for k≥0, where (p1,p2,p3)∈ℝ3.
Three equations are then needed to determine (p1,p2,p3). Two are
provided by the initial conditions βδg1−(κ2+δ)g0=−κδχ*−δut0*
and βδg2− (βδ+κ2+δ)g1+δg0=δ(1−ρu*)ut0*. The third one is
simply p3=0 and comes from the fact that βω′2≥1, as can be readily
checked, so that no solution with p3≠0 would fit the bill as Lt0* would
then be infinite. We thus eventually obtain the following solution for
system (23):

gk =
δ 1−ωð Þωkχ�

κ
+

ω 1−ρu�ð Þρk
u�− 1−ωð Þωk

h i
u�
t0

1−βρu�ωð Þ ω−ρu�ð Þ for k≥0;

hk = ωk+1χ� +
κω ρk+1

u� −ωk+1
� �

u�
t0

δ 1−βρu�ωð Þ ω−ρu�ð Þ for k≥0:

The similarity between systems (23) and (24) enables us to derive
the solution of system (24) from the solution of system (23) in a
straightforward way:

Au;v =
ω 1−ρu�ð Þρvu�− 1−ωð Þωv
 �

1−βρu�ωð Þ ω−ρu�ð Þ for u≥1 and v≥0;

Bu;v =
κω ρv + 1

u� −ωv + 1
� �

δ 1−βρu�ωð Þ ω−ρu�ð Þ for u≥1 and v≥0;

so that we obtain the following results for k≥0:

Δp�t0 +k =
δ 1−ωð Þωkχ�

κ
+

ω 1−ρu�ð Þu�
t0 +k− 1−ωð Þξ�t0 +k

h i
1−βρu�ωð Þ ω−ρu�ð Þ ;

x̂�t0 +k = ωk+1χ� +
κω ρu�u�

t0 +k−ωξ�t0 +k

� �
δ 1−βρu�ωð Þ ω−ρu�ð Þ ;

where ξ�t0 +k≡∑k
j=0ω

jεu
�

t0 +k−j + ωkρu�u
�
t0−1. Making t0 tend towards

−∞ while keeping t≡ t0+k finite, we eventually obtain

Δp�t =
ω 1−ρu�ð Þu�

t− 1−ωð Þζ�t½ �
1−βρu�ωð Þ ω−ρu�ð Þ ; ð25Þ

x̂�t =
κω ρu�u

�
t−ωζ�tð Þ

δ 1−βρu�ωð Þ ω−ρu�ð Þ ; ð26Þ

where ζ�t≡∑+∞
j=0ω

jεu
�

t−j.
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Appendix E. Determination of the monetary union equilibrium

The equations for the efficient domestic and foreign output are

yet = Ωα + at ; ð27Þ

ye�t = a�t ; ð28Þ

where at and at* denote exogenous productivity shocks occurring in
period t, and Ωα takes the value zero when α=0.

Using Eqs. (1), (2), (3), (6), (9), (10), (19), (27) and (28) leads to
the following second-order equation in pH:

βEt pH;t+1

n o
− 1 + β + κð ÞpH;t + pH;t−1 + κ e + x�−x−Ωαð Þ

−κat + ut + κa�t + κ x̂�t + κp�t = 0:
ð29Þ

This equation admits a unique stationary solution since the roots

θ≡
1 + β + κ−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 + β + κð Þ2−4β

q
2β

and ϕ ≡
1 + β + κ +

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 + β + κð Þ2−4β

q
2β

of the corresponding second-order characteristic polynomial P(X)≡
βX2−(1+β+κ)X+1 are such that 0bθb1 and ϕN1 (as can be
readily checked). We follow the undetermined coefficients method to
find this solution, writing it in the form

pH;t = pH + ∑+∞
k=0 ψa

kε
a
t−k + ψu

kε
u
t−k + ψa�

k εa
�

t−k + ψu�

k εu
�

t−k

� �
:

Using Eqs. (26), (29) and the equation

p�t = p� + ∑+∞
k=0 Δp

�
t−k

= p� +
ω

1−βρu�ωð Þ ω−ρu�ð Þ∑
+∞
k=0 ωk+1−ρk+1

u�

� �
εu

�

t−k;
ð30Þ

straightforwardly derived from Eq. (25), we obtain:

pH = e + p� + x�−x−Ωα

βψa
1− 1 + β + κð Þψa

0−κ = 0;

βψa
k + 2− 1 + β + κð Þψa

k+1 + ψa
k−κρk+1

a = 0 for k≥0;

βψu
1− 1 + β + κð Þψu

0 + 1 = 0;

βψu
k+2− 1 + β + κð Þψu

k+1 + ψu
k + ρk+1

u = 0 for k≥0;

βψa�

1 − 1 + β + κð Þψa�

0 + κ = 0;

βψa�

k+2− 1 + β + κð Þψa�

k+1 + ψa�

k + κρk+1
a� = 0 for k≥0;

βψu�

1 − 1 + β + κð Þψu�

0 − ωκ κ−δð Þ
1−βρu�ωð Þδ = 0;

βψu�

k+2− 1 + β + κð Þψu�

k+1 + ψu�

k −
ωκ κ−δð Þ ωk+2−ρk+2

u�

� �
1−βρu�ωð Þδ ω−ρu�ð Þ = 0

for k≥0;
from which we get, for k≥0,

ψa
k =

−κ
P ρað Þ θk+1−ρk+1

a

� �
;

ψu
k =

1
P ρuð Þ θk+1−ρk+1

u

� �
;

ψa�

k =
κ

P ρa�ð Þ θk+1−ρk+1
a�

� �
;

ψu�

k =
ωκ κ−δð Þ

1−βρu�ωð Þδ ω−ρu�ð Þ

×
ρu�

P ρu�ð Þ θk+1−ρk+1
u�

� �
− ω

P ωð Þ θk+1−ωk+1
� �� �

and therefore

ΔpH;t =
−κ
P ρað Þ∑

+∞
k=0 1−ρað Þρk

a− 1−θð Þθk
h i

εat−k

+
1

P ρuð Þ∑
+∞
k = 0 1−ρuð Þρk

u− 1−θð Þθk
h i

εut−k

+
κ

P ρa�ð Þ∑
+∞
k=0 1−ρa�ð Þρk

a�− 1−θð Þθk
h i

εa
�

t−k

+
ωκ κ−δð Þ

1−βρu�ωð Þδ ω−ρu�ð Þ

×∑+∞
k=0½ ρu�

P ρu�ð Þ 1−ρu�ð Þρku�− 1−θð Þθk
h i

− ω
P ωð Þ 1−ωð Þωk− 1−θð Þθk

h i�εu�t−k

ð31Þ

with the convention 00=1. Then, using Eqs. (1) and (31), we
eventually obtain

x̂t = −∑+∞
k=0

κ
P ρað Þ ρk+1

a −θk+1
� �

+ ρka

� �
εat−k

+
1

P ρuð Þ∑
+∞
k=0 ρk+1

u −θk+1
h i

εut−k

+ ∑+∞
k=0

κ
P ρa�ð Þ ρk+1

a� −θk+1
� �

+ ρk
a�

� �
εa

�

t−k

+
ω κ−δð Þ

1−βρu�ωð Þδ ω−ρu�ð Þ∑
+∞
k = 0½ κρu�

P ρu�ð Þ ρk+1
u� −θk+1

� �

− κω
P ωð Þ ωk+1−θk+1

� �
+ ρk+1

u� −ωk+1
� ��εu�t−k:

ð32Þ

The unconditional mean of the social welfare loss function is then

Lmu =
δχ2

1−β
+ M1Va + M2Va� + M3μa + M4Vu + M5Vu� + M6μu

where

M1≡
1

1−βð ÞP ρað Þ2
(
1−ρa

1+ρa
κ2 + δ 1−βρað Þ2
h i

+
κ2

1−θ2
1−θð Þ2 + δθ2

h i
−2κ 1−ρað Þ

1−ρaθ
κ 1−θð Þ + δ 1−βρað Þθ½ �g;
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M2≡
1

1−βð ÞP ρa�ð Þ2
(

1−ρa�
1 + ρa�

κ2 + δ 1−βρa�ð Þ2
h i

+
κ2

1−θ2
1−θð Þ2+δθ2

h i
−2κ 1−ρa�ð Þ

1−ρa�θ
κ 1−θð Þ+δ 1−βρa�ð Þθ½ �g;

M3≡
−2

1−βð ÞP ρað ÞP ρa�ð Þfκ2½ 1−ρað Þ 1−ρa�ð Þ
1−ρaρa�

+
1−θ
1 + θ

− 1−ρað Þ 1−θð Þ
1−ρaθ

− 1−ρa�ð Þ 1−θð Þ
1−ρa�θ

�
+ δ½ 1−ρað Þ 1−βρað Þ 1−ρa�ð Þ 1−βρa�ð Þ

1−ρaρa�
+

κ2θ2

1−θ2

− 1−ρað Þ 1−βρað Þκθ
1−ρaθ

− 1−ρa�ð Þ 1−βρa�ð Þκθ
1−ρa�θ

�g;

M4≡
1

1−βð ÞP ρuð Þ2 f 1−ρu

1+ρu
+

1−θ
1+θ

−2 1−ρuð Þ 1−θð Þ
1−ρuθ

� �

+ δ
ρ2
u

1−ρ2
u
+

θ2

1−θ2
− 2ρuθ

1−ρuθ

" #g;

M5≡
κ−δð Þ2ω2

1−βð Þδ2 1−βρu�ωð Þ2 ω−ρu�ð Þ2fκ2½ ρ2
u� 1−ρu�ð Þ

P ρu�ð Þ2 1 + ρu�ð Þ

+
ω2 1−ωð Þ

P ωð Þ2 1 + ωð Þ +
1−θ
1 + θ

ω
P ωð Þ−

ρu�

P ρu�ð Þ
� �2

+
2ρu� 1−ρu�ð Þ 1−θð Þ
P ρu�ð Þ 1−ρu�θð Þ

ω
P ωð Þ−

ρu�

P ρu�ð Þ
� �

−2ω 1−ωð Þ 1−θð Þ
P ωð Þ 1−ωθð Þ

ω
P ωð Þ−

ρu�

P ρu�ð Þ
� �

−2ρu� 1−ρu�ð Þω 1−ωð Þ
P ρu�ð ÞP ωð Þ 1−ρu�ωð Þ �

+ δ½ρ2
u� 1−ρu�ð Þ 1−βρu�ð Þ2
P ρu�ð Þ2 1 + ρu�ð Þ +

ω2 1−ωð Þ 1−βωð Þ2
P ωð Þ2 1 + ωð Þ

+
κ2θ2

1−θ2
ω

P ωð Þ−
ρu�

P ρu�ð Þ
� �2

+
2κ 1−ρu�ð Þ 1−βρu�ð Þρu�θ

P ρu�ð Þ 1−ρu�θð Þ

×
ω

P ωð Þ−
ρu�

P ρu�ð Þ
� �

−2κ 1−ωð Þ 1−βωð Þωθ
P ωð Þ 1−ωθð Þ

ω
P ωð Þ−

ρu�

P ρu�ð Þ
� �

−2 1−ρu�ð Þ 1−βρu�ð Þ 1−ωð Þ 1−βωð Þρu�ω
P ρu�ð ÞP ωð Þ 1−ρu�ωð Þ �g;
M6≡
2 κ−δð Þω

1−βð ÞδP ρuð Þ 1−βρu�ωð Þ ω−ρu�ð Þfκ½ 1−ρuð Þρu� 1−ρu�ð Þ
P ρu�ð Þ 1−ρuρu�ð Þ

− 1−ρuð Þω 1−ωð Þ
P ωð Þ 1−ρuωð Þ +

1−ρuð Þ 1−θð Þ
1−ρuθ

ω
P ωð Þ−

ρu�

P ρu�ð Þ
� �

−ρu� 1−ρu�ð Þ 1−θð Þ
P ρu�ð Þ 1−ρu�θð Þ +

ω 1−ωð Þ 1−θð Þ
P ωð Þ 1−ωθð Þ

− 1−θ
1 + θ

ω
P ωð Þ−

ρu�

P ρu�ð Þ
� �� + δ½ 1−ρu�ð Þ 1−βρu�ð Þρuρu�

P ρu�ð Þ 1−ρuρu�ð Þ

− 1−ωð Þ 1−βωð Þρuω
P ωð Þ 1−ρuωð Þ +

κρuθ
1−ρuθ

ω
P ωð Þ−

ρu�

P ρu�ð Þ
� �

− 1−ρu�ð Þ 1−βρu�ð Þρu�θ
P ρu�ð Þ 1−ρu�θð Þ +

1−ωð Þ 1−βωð Þωθ
P ωð Þ 1−ωθð Þ

− κθ2

1−θ2
ω

P ωð Þ−
ρu�

P ρu�ð Þ
� ��g:

Appendix F. Proof that log-linearization around the efficient
steady state does not affect the results

This Appendix derives the first-order approximation of the
structural equations and the second-order approximation of house-
holds' utility function in the neighborhood of the fictitious efficient
steady state, instead of the (distorted) zero-inflation steady state, and
shows that, as could be expected, this change does not affect the
results obtained in the paper.

First, this leads to the same log-linearized structural equations.
Indeed, we get the following IS equations:

xt = Et xt+1
� �

− rt−Et ΔpH;t+1

n o
−rrt

� �
;

x�t = Et x�t+1
� �

− r�t−Et Δp�t+1
� �

−rr�t
� �

;

which can straightforwardly be rewritten as in the paper:

x̂t = Et x̂t+1
� �

− rt−Et ΔpH;t+1

n o
−rrt

� �
;

x̂�t = Et x̂�t+1
� �

− r�t−Et Δp�t+1
� �

−rr�t
� �

:

Moreover, given that the fictitious flexible-price steady state
coincideswith the zero-inflation steady state, we get the same Phillips
curves as in the paper. Finally, since the other log-linearized structural
equations do not involve the output gap, they are left unchanged too.

Second, this leads to the same second-order approximation of
households' utility function. To see that, let us derive this second-
order approximation along the lines of Appendix B of the paper. We
start with the representative household's utility function in the
domestic economy. This utility function is

Ut = Et ∑+∞
k=0β

k logCt+k−
N1+φ
t+k

1+φ

" #( )
:

Since

ct = 1−αð Þyt + αy�t ;
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we have

logCt = logCe + 1−αð Þ yt−ye
� �

+ t:i:p:

Besides, we get

N1+φ
t

1+φ
=

Ne� �1+φ

1+φ
+ Ne� �1+φ nt−ne� �

+
1+φ
2

nt−ne� �2� �
+o Θ3

� �
:

Since

Nt =
Yt
At

∫1

0

PH;t ið Þ
PH;t

" #−ε

di;

with A=1 and

PH;t≡ ∫1

0
PH;t ið Þ1−εdi

� � 1
1−ε

;

we have

nt−ne = yt−ye
� �

−at + zt ;

where

zt ≡ log∫1

0

PH;t ið Þ
PH;t

" #−ε

di:

Now,

Ne� �1 + φ = 1−α;

so that

logCt−
N1+φ
t

1+φ
= logCe− Ne� �1+φ

1+φ
+ 1−αð Þ yt−ye

� �

− Ne� �1+φ nt−ne� �
+

1+φ
2

nt−ne� �2� �

+ o Θ3
� �

+ t:i:p:

= logCe− Ne� �1+φ

1+φ
+ 1−αð Þ yt−ye

� �
− 1−αð Þ nt−ne� �

− 1−αð Þ1+φ
2

nt−ne� �2
+ o Θ3

� �
+ t:i:p:

= logCe− Ne� �1+φ

1+φ
− 1−αð Þzt

− 1−αð Þ1+φ
2

yt−ye
� �

−at + zt

 �2 + o Θ3

� �
+ t:i:p:

= logCe− Ne� �1+φ

1+φ
− 1−αð Þzt

− 1−αð Þ1+φ
2

yt−ye
� �

−at

 �2 + o Θ3

� �
+ t:i:p:

= logCe− Ne� �1+φ

1+φ
− 1−αð Þ zt +

1+φ
2

x2t

� �

+ o Θ3
� �

+ t:i:p:

where the last two equalities follow from

zt =
ε
2
vari pH;t ið Þ

n o
+ o Θ3

� �
= o Θ2

� �
and

yt−ye
� �

−at = yt−yet
� �

+ yet−ye
� �

−at = xt + at−at = xt :

Since

∑+∞
k=0β

kvari pH;t+k ið Þ
n o

=
1
λ
∑+∞

k=0β
k ΔpH;t+k

� �2
;

we get

Ut = Ue− 1−αð Þε
2λ

Et ∑+∞
k=0β

k ΔpH;t+k

� �2
+

λ 1+φð Þ
ε

x2t

� �� 	

+ o Θ3
� �

+ t:i:p:

Now,

χ =
ε 1−τð Þ
ε−1ð Þ

Ne� �1+φ−N1+φ

1+φ

" #

=
ε 1−τð Þ
ε−1ð Þ − Ne� �1+φ n−ne� �h i

+ o Θ2
� �

=
−1
1−α

Ne� �1+φ n−ne� �
+ o Θ2

� �
= − n−ne� �

+ o Θ2
� �

= − y−ye
� �

+ o Θ2
� �

= −x + o Θ2
� �

;

where the third equality follows from χ=o(Θ), so that we finally get

Ut = Ue− 1−αð Þε
2λ

Et ∑+∞
k=0β

k ΔpH;t+k

� �2
+

λ 1+φð Þ
ε

x̂t−χ
� �2� �� 	

+ o Θ3
� �

+ t:i:p:

Hence the welfare loss function for the domestic economy

Lt = Et ∑+∞
k=0β

k ΔpH;t+k

� �2
+ δ x̂t−χ

� �2� �� 	

is the same as in the paper. Similarly, the welfare loss function for
the foreign economy is identical to that in the paper. Hence, log-
linearizing around the zero inflation steady state rather than around
the efficient one is of no consequence for our results.
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