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Abstract6

The desirability of �exible exchange rates is a central tenet in international7

macroeconomics. We show that, with forward-looking staggered pricing, this re-8

sult crucially depends on the monetary authority�s ability to commit. Under full9

commitment, �exible exchange rates generally dominate a monetary union (or �xed10

exchange rate) regime. Under discretion, this result is overturned: a monetary11

union dominates �exible exchange rates. By �xing the nominal exchange rate, a12

benevolent monetary authority �nds it welfare improving to tradeo¤ �exibility in13

the adjustment of the terms of trade in order to improve on its ability to manage the14

private sector�s expectations. Thus, inertia in the terms of trade (induced by a �xed15

exchange rate) is a cost under commitment, whereas it is a bene�t under discretion,16

for it acts like a commitment device. The higher the incidence of asymmetric ine¢ -17

cient shocks, and/or the higher the degree of nominal price rigidity, the higher the18

inherent bene�t of monetary unions, in stark contrast with the traditional optimum19

currency area theory.20
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welfare losses, nominal rigidities.22
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1 Introduction24

A central tenet in international macroeconomics is that �exible exchange rates are de-25

sirable because they compensate for the inertia in nominal prices, thereby easing the26

necessary adjustment in the terms of trade in response to asymmetric disturbances (Fried-27

man 1953, Corsetti, Dedola and Leduc 2011, Farhi and Werning 2017).1 This argument,28

which implies that �xed exchange rates are inherently costly, has recently gained renewed29

interest in light of the observed divergence in macroeconomic performance between the30

periphery and the core of the European Monetary Union after the 2008-11 crisis.31

In this paper we revisit the classic dichotomy between �exible exchange rates and32

monetary unions, within the context of a baseline two-country dynamic New Keynesian33

model, the workhorse paradigm of the recent optimal monetary policy literature in open34

economies (Devereux and Engel 2003, Benigno and Benigno 2003, Corsetti and Pesenti35

2001).36

The key insight of our analysis is that the desirability of �exible exchange rates rel-37

ative to monetary unions (or, generally, �xed exchange rates) crucially depends on the38

(in)ability of the monetary authority to commit. If, somewhat unrealistically, the mone-39

tary authority can fully commit, �exible exchange rates always implement the constrained40

e¢ cient allocation. If, however, the monetary authority can only choose its course of ac-41

tion period by period (i.e., it acts under discretion), the previous result is overturned: a42

monetary union generally dominates �exible exchange rates.43

The intuition for the desirability of �exible exchange rates under commitment is well44

understood. In a baseline New Keynesian model, characterized by forward-looking stag-45

gered prices (Woodford 2003, Galí 2015), the monetary authority�s inability to commit46

1The recent New Keynesian optimal monetary policy literature in open economies has revisited this
argument, arguing that, in the presence of local currency price stability of imports, full �exibility of the
nominal exchange rate is generally not the welfare maximizing policy (Devereux and Engel 2003, Engel
2011, Corsetti, Dedola and Leduc 2011). Here we purposely abstract from issues related to local currency
price stability of imports.
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typically results in a stabilization bias, i.e., a suboptimal policy response to those distur-47

bances that drive a wedge between the welfare-e¢ cient and the natural level of output48

(so called ine¢ cient or �cost-push�shocks). Gains from commitment arise from policy-49

induced inertia in in�ation, which, in turn, improves the monetary authority�s manage-50

ment of the private sector�s expectations. The above argument supports the following51

proposition: under �exible exchange rates, if the monetary authority can commit, there is52

no tradeo¤ between the optimal management of (in�ation) expectations and the e¢ cient53

adjustment of international relative prices in response to asymmetric disturbances.54

Our analysis focuses on the case of lack of commitment. We show that a �xed exchange55

rate induces a �commitment-like�inertia in the behavior of the terms of trade and in�a-56

tion, which mitigates the stabilization bias. As a result, if a credible policy commitment57

is not feasible, the monetary authority �nds it welfare-improving, in a monetary union,58

to trade o¤ some �exibility in the adjustment of the terms of trade in order to improve59

on its ability to manage expectations. This is what we label as the inherent bene�t of60

monetary unions.61

To better understand this point, it is instructive to recall that, in a two-country setting62

with nominal rigidities (and under the assumption of cross-country symmetry), average63

welfare losses depend not only on the variability of average in�ation (in a way similar to64

its closed economy analog), but also on its cross-country composition. Thus, inertia in the65

terms of trade, induced by �xed exchange rates, translates, under discretion, into welfare-66

enhancing inertia of relative in�ation, i.e., precisely of what measures the cross-country67

composition of in�ation. More generally, under discretion, the expectation-management68

gain stemming from inertia in the terms of trade can outweigh the cost of ine¢ cient ad-69

justment of relative prices, thereby making a monetary union welfare dominant relative70

to �exible exchange rates. In a nutshell, inertia in the terms of trade, induced by �xed71

exchange rates, is a cost under commitment - because it does not compensate for the72

underlying stickiness in nominal prices; whereas it is a bene�t under discretion - because73

2



it acts as a commitment device, thereby improving on the policymaker�s ability to manage74

expectations. This result holds for a large range of parameter values, and is especially75

sharp under three con�gurations: a su¢ ciently high degree of nominal price rigidity; a rel-76

atively high incidence of asymmetric ine¢ cient vs. e¢ cient shocks; and a su¢ ciently high77

degree of substitutability in internationally traded goods. Noticeably all three conditions78

stand in stark contrast with the traditional Optimum Currency Area (OCA) literature79

(Mundell, 1961; McKinnon, 1963; Kenen, 1969).80

Interestingly, while the inertia in the terms of trade has been recognized before as a81

typical feature of a monetary union (Benigno 2004, Pappa 2004), it was solely regarded82

as a distortion of that regime. Relatedly, Farhi and Werning (2017) emphasize that the83

ine¢ ciency at the heart of any monetary union, and regardless of the underlying degree of84

completeness in international �nancial markets, is a structural �lack of insurance�, which85

stems precisely from the suboptimal adjustment in the terms of trade that results from86

the combination of nominal price rigidity and lack of nominal exchange rate �exibility.87

Unlike those contributions, we wish instead to emphasize that, in a monetary union, the88

inertial behavior of the terms of trade can be turned to policymakers�advantage when89

the latter lack the ability to commit.90

Finally, it is worth noting that, throughout the paper, we assume that a benevo-91

lent monetary authority aims at maximizing world welfare. In a �exible exchange rate92

regime, in particular, this corresponds to assuming that the monetary authorities of both93

countries conduct policy under cooperation. This not only implies that the benchmark94

regime we compare the monetary union to is a very strong one. It also implies that the95

inherent bene�t of a monetary union described in this paper cannot be related to gains96

from cooperation, a bene�t which is frequently associated with monetary unions in the97

literature.98

3



Related literature Our paper relates to a large literature analyzing optimal mone-99

tary policy in an international setting, and within the context of dynamic optimizing New100

Keynesian models. Corsetti, Dedola and Leduc (2011) thoroughly survey that literature.101

A pillar of this research program (a sort of �exible exchange rates manifesto) is that under102

the assumption of (i) cross-country risk sharing, (ii) complete pass-through of exchange103

rates to import prices, and (iii) full commitment, �exible exchange rates implement the104

welfare-maximizing policy. The existing literature has typically explored the implications105

of relaxing (i) and (ii) in order to (re-)assess the desirability of �xed vs. �exible exchange106

rates (see, e.g., Devereux and Engel 2003, Corsetti, Dedola and Leduc 2011). Our paper107

di¤ers from the previous ones in that it focuses on the role of relaxing (iii) in determining108

the desirability of monetary unions vs. �exible exchange rates.109

Monacelli (2004), So¤ritti and Zanetti (2008), and Groll (2013) are earlier studies of110

the properties of �exible vs. �xed exchange rates in a New Keynesian open economy111

model, showing that, with lack of commitment, the classic ranking between �exible and112

�xed exchange rates can be reversed. The key di¤erence in our paper is that, in order113

to assess the relative desirability of the two regimes, we frame the analysis within a fully114

choice-theoretic environment as opposed to relying on ad hoc policy objective functions115

and/or Taylor-type rules. Benigno (2004) studies optimal monetary policy in a currency116

area, but under the maintained assumption that the monetary authority can commit,117

and with no comparison between �exible and �xed exchange rate regimes. Our central118

focus here is instead on the case of lack of commitment and on the relative desirability119

of the two regimes. Corsetti, Kuester and Muller (2013) compare the transmission of120

�scal disturbances under �exible vs �xed exchange rates (described by simple feedback121

rules) and highlight the role of nominal anchor played by �xed exchange rates. Cook and122

Devereux (2016) point out the desirability of �xed exchange rates (or monetary unions)123

when asymmetric shocks hit a country at the zero lower bound. Our paper shows that,124

with lack of commitment, the desirability of monetary unions (or �xed exchange rates)125
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holds also in �normal�times, regardless of the occurrence of the zero lower bound.126

Our paper is also related to a literature, exempli�ed by Alesina and Barro (2002),127

which emphasizes that countries, when they lack commitment, may generally bene�t from128

monetary uni�cation. Our paper di¤ers from that strand of the literature in at least two129

ways. First, the commitment gain in Alesina and Barro (2002) derives from the removal130

of a typical average in�ation bias, whereas the commitment gains from participating to131

a monetary union arise, in our setup, due to the improved ability of policy to respond132

to shocks, even in the absence of any source of average in�ation bias. Second, and most133

importantly, the bene�t, in Alesina and Barro (2002), of eliminating an average in�ation134

bias is not inherent to a monetary union because it is only obtained if the monetary135

policy authority after monetary uni�cation is more credible than the one before monetary136

uni�cation. By contrast, the bene�t described in our paper is inherent to a monetary union137

because it is obtained even if the monetary policy authority after monetary uni�cation138

su¤ers from the same lack of commitment as before uni�cation. So, in our case, two139

countries that, ex ante, su¤er from a lack of commitment gain by establishing a monetary140

union even if the new common monetary policy authority su¤ers from the same lack of141

commitment.142

Rethinking Optimum Currency Area theory Our argument is also related to143

Chari et al. (2015) in that it stresses the role of ine¢ cient asymmetric shocks (i.e., the144

ones that, in the New Keynesian jargon, break the �divine coincidence�) in determining145

the desirability to form a monetary union. This is in stark contrast to the standard146

OCA literature stressing the commonality of shocks. Thus, the single monetary policy147

is a commitment device not to suboptimally react to ine¢ cient country-speci�c shocks.148

However, the mechanism highlighted in our paper is completely di¤erent from the one in149

Chari et al. (2015). Our mechanism relies on the endogenous inertia that characterizes150

the dynamic behavior of the terms of trade in a monetary union when the economic151
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environment features forward-looking price setting (modeled a la Calvo in our case). This152

di¤ers from the setup in Chari et al. (2015), who assume preset prices, therefore ruling153

out the possibility of inertial behavior in the terms of trade by construction.154

Our �nding that countries bene�t from forming a monetary union when prices are155

relatively sticky but not when prices are relatively �exible also stands in stark contrast to156

Friedman (1953)�s case for �exible exchange rates and - once again - to the predictions of157

the traditional OCA theory. The most important reason for this discrepancy is the fact158

that, in New Keynesian models, and unlike the traditional OCA literature, expectations159

are treated as endogenous. Since the inherent bene�t of monetary unions works through160

expectations, this channel is naturally missing in models without such an expectational161

feedback mechanism. Note that Carré and Collard (2003), Dellas and Tavlas (2005), and162

Galí and Monacelli (2016) equally cast doubt on the prediction of the traditional OCA163

theory that countries are worse o¤ by forming a monetary union when nominal rigidities164

are present.165

2 A two-country model166

We describe a baseline two-country model characterized by full �nancial integration, mo-167

nopolistic competitive markets and nominal price rigidity (Benigno 2004, Corsetti, Dedola168

and Leduc 2011). Henceforth we refer to the two countries as Home and Foreign, having169

measure n and (1� n) respectively. The total mass of households in the world economy170

is therefore equal to 1.171

2.1 Domestic households172

Consumption preferences in Home are described by the following composite index of173

domestic and imported bundles of goods (Faia and Monacelli 2008, De Paoli 2009):174

Ct � [(1� )
1
�C

��1
�

H;t + 
1
�C

��1
�

F;t ]
�

��1 (1)
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where � > 0 is the elasticity of substitution between domestic and foreign goods, and175

 � (1 � n)� denotes the weight of imported goods in the Home consumption basket.176

This weight depends on (1�n), the relative size of Foreign, and on �, the degree of trade177

openness of Home. In an analogous manner, preferences in Foreign can be described as:178

C�t � [(1� �)
1
�C

� ��1
�

F;t + (�)
1
� C

� ��1
�

H;t ]
�

��1 (2)

where � � n ��.179

Each consumption bundle CH;t and CF;t is composed of imperfectly substitutable va-180

rieties (with elasticity of substitution " > 1). Optimal allocation of expenditure within181

each variety of goods yields:182

CH;t(i) =
1

n

�
PH;t(i)

PH;t

��"
CH;t ; CF;t(i) =

1

1� n

�
PF;t(i)

PF;t

��"
CF;t (3)

where CH;t �
h�

1
n

� 1
"
R n
0
CH;t(i)

"�1
" di

i "
"�1

and CF;t �
h�

1
1�n
� 1
"
R 1
n
CF;t(i)

"�1
" di

i "
"�1
.183

Optimal allocation of expenditure between domestic and foreign bundles yields:184

CH;t = (1� )

�
PH;t
Pt

���
Ct; CF;t = 

�
PF;t
Pt

���
Ct (4)

where185

Pt � [(1� )P 1��H;t + P 1��F;t ]
1

1�� (5)

is the CPI index.186

A generic household in Home derives utility from consumption and disutility from the187

production of a continuum of di¤erentiated products indexed by i 2 [0; n):188

E0

8<:
1X
t=0

�tU (Ct)�
1

n

nZ
0

V (Yt(i); ZY;t)di

9=; (6)

where ZY;t is a productivity disturbance. To insure their consumption pattern against189

random shocks at time t households spend �t+1;t Bt+1 in nominal state contingent secu-190

rities, where �t;t+1 � �(ht+1jht) is the period-t price of a claim to one unit of domestic191
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currency in state ht+1 divided by the probability of occurrence of that state. Each asset192

in the portfolio Bt+1 pays one unit of domestic currency at time t+ 1 and in state ht+1.193

By considering the optimal expenditure conditions (3) and (4), the sequence of budget194

constraints assumes the following form:195

PtCt +
X
ht+1

�t+1;tBt+1 � Bt +
1� �H;t

n

Z n

0

Pt(i)Yt(i)di+ Tt (7)

where �H;t is a country-speci�c tax on �rms�pro�ts, and Tt denotes lump-sum transfers196

(or taxes).197

2.2 Risk sharing, the real exchange rate and demand in Foreign198

We assume throughout that the law of one price holds, implying that PH;t(i) = Et P �H;t(i)199

and PF;t(i) = Et P �F;t(i) for all i 2 [0; 1], where Et is the nominal exchange rate, i.e., the200

price of foreign currency in terms of home currency, and P �F;t(i) is the price of foreign good201

i denominated in foreign currency. Importantly, the law of one price does not necessarily202

imply that purchasing power parity (PPP) holds, unless we make the further restrictive203

assumption of absence of home bias in consumption.204

Under complete markets for state contingent assets, the e¢ ciency condition for bonds�205

holdings by residents in Foreign reads:206

�
P �t Et

P �t+1Et+1
U�c;t+1
U�c;t

= �t;t+1 (8)

Taking conditional expectations of (8) and de�ning the foreign nominal interest rate207

(1 + i�t ) �
�
Et
n
�t;t+1

Et+1
Et

o��1
one can write:208

(1 + i�t ) =

�
� Et

�
P �t
P �t+1

U�c;t+1
U�c;t

���1
(9)

Foreign demand for domestic variety i must satisfy:209
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C�H;t(i) =
1

n

 
P �H;t(i)

P �H;t

!�"
C�H;t (10)

=
1

n

 
P �H;t(i)

P �H;t

!�"
�
�
P �H;t
P �t

���
C�t

Terms of trade and the real exchange rate The terms of trade is the relative210

price of imported goods:211

St �
PF;t
PH;t

(11)

while the real exchange rate is de�ned as Qt = EtP �t =Pt. Using equation (5), the terms of212

trade can be related to the CPI-PPI ratio as follows:213

Pt
PH;t

= [(1� ) + S 1��
t ]

1
1�� � T (St); (12)

with Ts;t � @T (St)=@St > 0.214

The terms of trade and the real exchange rate are linked through the following expres-215

sion:216

Qt = St
P �t
P �F;t

�
Pt
PH;t

��1
(13)

= St
T �(St)
T (St)

� q(St);

where217

P �t
P �F;t

= [(1� �) + �S ��1
t ]

1
1�� � T �(St): (14)
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Deviations from purchasing power parity (PPP) By using (12), (13) and (14)218

one can write:219

Qt = q(St) =

�
� + (1� �) S 1��

t

(1� ) +  S 1��
t

� 1
1��

: (15)

Notice that if  = � = 1=2 it follows immediately that Qt = 1 (i.e., PPP holds at all220

times), regardless of the equilibrium value of St.221

Risk Sharing Under full international risk sharing, one can combine (8) with the222

corresponding condition for Home and obtain, after iteration, the following condition223

linking the real exchange rate to the ratio of the marginal utilities of consumption:224

!0
U�c;t
Uc;t

=
EtP �t
Pt

= q(St); (16)

where !0 is a constant that depends on initial conditions, and can be normalized to 1.225

2.3 Price setting226

Each domestic producer can revise its price at random intervals (Calvo 1983). Let (1��H)227

be the probability that a �rm can reoptimize its price at any given time t, and PH;t the228

optimally chosen price at time t. Each producer maximizes expected discounted pro�ts:229

Et
1X
k=0

(�H)
k �t;t+k

�
�t+k(1� �H;t+k)PH;t(i)Yt+kjt(i)� V (Yt+kjt(i); ZY;t+k)

�
(17)

where (from equilibrium) �t;t+k = �k
Uc;t+kPt
Uc;tPt+k

is the stochastic discount factor, �t+k =230

Uc;t+k
Pt+k

is the marginal utility of nominal revenues, and Yt+kjt is total demand for variety i231

faced by a �rm that last reset its price at time t.232

The �rst order condition yields the optimal price233

PH;t(i) =
Et
P1

k=0 (�H)
k �t;t+k MH;t+k Vy(Yt+kjt(i); ZY;t+k)Yt+kjt(i)

Et
P1

k=0 (�H)
k �t;t+k �t+kYt+kjt(i)

; (18)
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where Vy is the marginal disutility from producing output Y (i) and

MH;t+k =
"

("� 1)(1� �H;t+k)

denotes the tax-adjusted optimal markup. We assume that, in order to neutralize the234

market power distortion in the steady state, �H = �(" � 1)�1 � e�H . By construction,235

then, any deviation of �H;t from e�H is an exogenous stochastic source of ine¢ ciency.236

Markup shocks We assume that the markup follows the process (in logs):237

logMi;t � �i;t = ���i;t�1 + ��i;t (i = H;F ) (19)

where ��i;t is an iid random disturbance, with mean zero and variance ��i.238

In any given period, the price from the previous period remains e¤ective for a fraction239

�H of producers. The optimal relative price PH;t=PH;t follows:240

1 = �H

�
PH;t
PH;t�1

�"�1
+ (1� �H)

�
PH;t
PH;t

�1�"
: (20)

3 Equilibrium241

Below we describe the relevant set of equilibrium conditions in log-linearized form (denoted242

by lower case letters) and for each exchange rate regime - �exible exchange rate and243

monetary union - respectively (see also Appendix A). In the expressions below, variables244

with a superscript (e.g., xt) refer to the corresponding values under the �rst-best or245

e¢ cient allocation, characterized by �exible prices and the absence of markup shocks (see246

Appendix B).247

3.1 Flexible exchange rates248

For a given speci�cation of the two policy instruments fit; i�tg, an equilibrium under249

�exible exchange rates is a set of endogenous processes
�
yt; ct; �H;t; st; y

�
t ; c

�
t ; �

�
F;t

	
250
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and exogenous processes
�
�j;t; j = H;F

	
satisfying the following set of conditions:251

- Aggregate demand252

Etct+1 = ct + ��1 (it � Et�H;t+1 � �st+1) (21)

Etc�t+1 = c�t + ��1
�
i�t � Et��F;t+1 + ��st+1

�
(22)

- Market clearing253

yt = (1� )ct + c�t + (2�  � �)�st (23)

y�t = �ct + (1� �)c�t � �(2�  � �)�st (24)

- Risk sharing254

(1�  � �)st = � (ct � c�t ) (25)

- Aggregate supply255

�H;t = �Et�H;t+1 + (� + �)� (yt � yt)� (2�  � �) (�� � 1)� (st � st) + ��H;t (26)

��F;t = �Et��F;t+1+(� + �)�� (y�t � y�t )+
�(2���) (�� � 1)�� (st � st)+�

��F;t; (27)

where

�i;t � pi;t � pi;t�1, i = H;F

� � (1� �H�)(1� �H)

�H(1 + "�)
; �� � (1� �F�)(1� �F )

�F (1 + "�)
:

� � �UccC
Uc

; � � VyyY

Vy
;

with � and � assumed equal in both countries.256
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Notice that the equilibrium characterization (21)-(27) does not feature the nominal257

depreciation rate, �et � et � et�1 (with et � log Et). The equilibrium path of the latter,258

in fact, can be derived residually from the one of the terms trade. Given f�j;tg1t=0 and259

fstg1t=0 from above, one can derive f�etg1t=0 using the expression260

�et = �st + �H;t � ��F;t; (28)

holding for all t.2261

It is useful, in order to eliminate ct and c�t ; to combine (23), (24), and (25), to obtain262

the following equilibrium condition linking the terms of trade to (cross-country) relative263

output:264

�st = � (yt � y�t ) : (29)

where � � ( + �)(2�  � �)�� + (1�  � �)2 > 0.265

Equation (29) indicates that a rise of domestic output above foreign output requires, in266

equilibrium, a depreciation of the domestic terms trade. This is the result of two e¤ects:267

�rst, holding relative consumption constant, higher output of domestic goods exert a268

downward pressure on domestic prices; second, since higher domestic output translates,269

at least in part, into higher relative consumption, this requires a real depreciation to270

allow for risk sharing, i.e., part of the higher consumption should be shared by foreign271

households via an increase in their real purchasing power.272

3.2 Monetary union273

There are two main di¤erences that characterize the equilibrium under a monetary union274

relative to the case of �exible exchange rates. First, the law of motion (28) can no longer275

2We assume throughout that the initial price levels, pj;�1, are given and all equal to 1. In a steady
state with balanced trade, we also have s = s�1 = 1. These conditions combined allow to pin down e�1,
the initial nominal exchange rate level. Combining the latter with the equilibrium path f�etg1t=0 allows
to derive fetg1t=0 :
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play a mere residual role in pinning down the equilibrium path of the nominal exchange276

rate. That expression is a necessary cross-equation restriction in the minimal set of equi-277

librium conditions, so that the �xed exchange rate condition et = 0 is explicitly accounted278

for. Second, given that a single monetary authority sets the common policy instrument,279

henceforth labeled iMU
t , either one of equations (21) and (22) becomes irrelevant for the280

minimal speci�cation of the equilibrium.281

Hence, for a given speci�cation of the policy instrument
�
iMU
t

	
, an equilibrium under282

a monetary union is a set of endogenous processes
�
yt; ct; �H;t; st; y

�
t ; c

�
t ; �

�
F;t

	
and283

exogenous processes
�
�j;t; j = H;F

	
satisfying the same conditions (23)-(27) along with:284

Etct+1 = ct + ��1
�
iMU
t � Et�H;t+1 � �st+1

�
; (30)

and the implied law of motion:285

�st = ��F;t � �H;t: (31)

Finally, notice that equation (29) holds irrespective of the underlying exchange rate286

regime, and is therefore valid also in the monetary union case.287

4 Welfare objective288

Under both regimes, we assume that a benevolent monetary authority aims at maximiz-289

ing world welfare. In the �exible exchange rate regime, in particular, this corresponds to290

assuming that the monetary authorities of both countries conduct policy under coopera-291

tion. This not only implies that the benchmark regime we compare the monetary union292

to is a very strong one. It also implies that the inherent bene�t of a monetary union de-293

scribed below cannot be related to gains from cooperation, a bene�t which is frequently294

associated with monetary unions.295

As already well understood in the literature (Galí 2015, Corsetti, Dedola and Leduc296
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2011), a case of particular interest arises when any (real) ine¢ ciency possibly associated297

with the �exible price allocation is assumed not to a¤ect the steady state. This is achieved298

by means of setting the lump sum tax � i in order to o¤set the distortion associated with299

market power in the goods markets:300

� i = �
1

"� 1 � e� i < 0!Mi = 1: (32)

In Appendix C we show that, under this assumption, and the additional condition that301

the degree of trade openness is symmetric across countries (� = ��),3 the welfare losses302

experienced by households in the world economy, appropriately weighted by country size,303

are, up to second order, given by:304

Wt �
1X
t=0

�t Vt (33)

Vt �
(� + �)

2

�
n (yt � yt)

2 + (1� n) (y�t � y�t )
2� (34)

� n�s
2
(st � st)

2 +
"

2

�
n

�
�2H;t +

(1� n)

��
��

2

F;t

�
;

where �s � ���1
�
(2�  � �)�.305

Hence welfare losses depend on the deviation of output from its natural level in each306

country (which also corresponds to the e¢ cient level given the assumption in (32)), the307

deviation of the terms of trade from its natural level, and the deviations of domestic in�a-308

tion (in each country) from its e¢ cient level of zero. Taking unconditional expectations309

of (33), and letting � ! 1, we can express unconditional welfare losses (i.e., welfare losses310

in an average period) as a linear combination of the variances of each argument featured311

in (34):312

3Notice that this further implies
n = (1� n)�:
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W �(� + �)

2
[n var (yt � yt) + (1� n)var (y�t � y�t )] (35)

� n�s
2
var (st � st) +

"

2

�
n

�
var �H;t +

(1� n)

��
var ��F;t

�
:

Notice that sign(�s), and therefore the contribution to welfare losses stemming from313

the variability in the terms of trade gap, depends on the assumption on the inverse314

elasticity of intertemporal substitution � and the trade elasticity �, with �� > (<)1315

implying sign(�s) > (<)0.316

5 Optimal monetary policy317

Next we turn to the central theme of the paper: the characterization of optimal monetary318

policy under two alternative regimes, �exible exchange rates and monetary union. For319

each regime we study two polar cases, depending on the underlying assumption about the320

ability of the monetary authority to commit. We are particularly interested in studying321

the case of a Markov perfect equilibrium (henceforth labeled discretion) in which, under322

either regime, the monetary authority cannot credibly commit to any future course of323

actions.324

Constrained e¢ ciency A standard constrained-e¢ ciency approach to optimal pol-325

icy prescribes that a social planner maximizes world welfare (33) subject to the relevant326

constraints that characterize the competitive equilibrium, i.e., (21)-(27) under �exible327

exchange rates, and (23)-(27) together with (30) and (31) in the monetary union case.328

The optimal policy problem, however, can be characterized in terms of a less constrained329

problem, under both exchange rate regimes, as we show below.4330

4Put di¤erently, in this setup, in order to characterize the constrained e¢ cient allocation (either under
�exible exchange rates or a monetary union) it is su¢ cient to solve a planner problem with a number
of constraints which is smaller than the whole set of optimality conditions that describe the competitive
equilibrium.
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5.1 Flexible exchange rates331

Optimal cooperative policy under �exible exchange rates requires solving the following332

problem:333

max Wt � E0
1X
t=0

�tVt (36)

s.t. (26), (27), (29).

For a given speci�cation of the exogenous processes
�
�j;t
	
, j = H;F , a �exible-334

exchange rate equilibrium under the optimal policy consists of a vector
�
�H;t; �

�
F;t; yt; st; y

�
t

	OPT;FLEX
335

solving (36). One can then use (21), (22), (23), and (24) to residually obtain fct; c�t ; it; i�tg
OPT;FLEX .336

Commitment Under commitment, and �exible exchange rates, the centralized plan-337

ner is able to choose a path for current and future values of the vector
�
�H;t; �

�
F;t; yt; st; y

�
t

	1
t=0

338

in order to maximize Wt subject to an in�nite sequence of constraints given by (26),339

(27), (29). Appendix D speci�es the related dynamic Lagrangian problem. In the same340

Appendix D we show that, under commitment, the system of equations describing the341

equilibrium evolution under the optimal policy is given by (26), (27), (29) together with342

the following targeting rules:343

(yt � yt)�
�
yt�1 � yt�1

�
+ "�H;t = 0 (37)

(y�t � y�t )�
�
y�t�1 � y�t�1

�
+ "��F;t = 0: (38)

Discretion Under discretion, and �exible exchange rates, the decisions of the cen-344

tralized planner at time t do not bind at any future date. Given that the constraints (26),345

(27), (29) do not feature any endogenous state variable, though, the planner solves an346

in�nite sequence of static problems of the form:347
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maxVt + Ft (39)

subject to the sequence of constraints (expressed in gaps form) given by:348

�H;t = (� + �)� (yt � yt)� (2�  � �)(�� � 1)� (st � st) + ft

��F;t = (� + �)�� (y�t � y�t ) + �(2�  � �)(�� � 1)�� (st � st) + f �t

� (st � st) = � [(yt � yt) + (y
�
t � y�t )]

In the above expressions Ft; ft; and f �t are terms taken as given by the policymaker, and349

are respectively equal to:350

Ft � E0
1X
t=1

�tVt;

351

ft � ��H;t + �Et�H;t+1; (40)

f �t � ���F;t + �Et��F;t+1:

In Appendix D we show that the complete system of equations that describe the352

evolution of the welfare-relevant variables is given by (26), (27), (29), together with the353

following (static) targeting rules for each time t:354

(yt � yt) + "�H;t = 0; (41)

(y�t � y�t ) + "��F;t = 0: (42)
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5.2 Monetary union355

Relative to (36) under �exible exchange rates, optimal cooperative policy under a mone-356

tary union requires solving the more constrained optimization problem5:357

max Wt � E0
1X
t=0

�tVt (43)

s.t. (26), (27), (29), (31) .

For a given speci�cation of the exogenous processes
�
�j;t
	
, j = H;F , a monetary union358

equilibrium under the optimal policy consists of a vector
�
�H;t; �

�
F;t; yt; st; y

�
t

	OPT;MU
359

solving (43). One can then use (23), (24) and (30) to residually obtain
�
ct; c

�
t ; i

MU
t

	OPT;MU
:360

Commitment In a monetary union, if the policy authority can commit, the central-361

ized planner is able to choose a path as of time t = 0 for current and future values of the362

vector
�
�H;t; �

�
F;t; yt; st; y

�
t

	1
t=0

in order to maximize Wt subject to an in�nite sequence363

of constraints given by (26), (27), (29), and (31). In Appendix D we present the general364

system of �rst order optimality conditions.365

Discretion Under discretion, the monetary union central planner�s policy problem366

di¤ers substantially from the one under �exible exchange rates. The reason lies in the367

nature of constraint (31), which features an endogenous state variable. Hence, even under368

discretion, the nature of the policy problem is inherently dynamic: decisions that a¤ect369

current values of in�ation, output gap and the terms of trade, also a¤ect the future values370

of the same variables.6 The dynamic nature of the optimal policy problem under discretion371

5Given the political implications, and the implied costs of withdrawal, the commitment to a monetary
union should imply �tying one�s hands�even more strongly than in a �xed exchange rate regime. Our
model though is not suited to capture this further commitment gain. In order to do it in a satisfactory
way, the choice of participating to a monetary union should be made endogenous.

6See Svensson (1999) and Vestin (2006) for the computation of a Markov perfect equilibrium in a
linear quadratic optimal policy problem where in�ation features endogenous inertia. See Currie and
Levin (1993) for a general treatment of linear quadratic problems in the presence of endogenous state
variables which can be in�uenced by policy.
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is a genuine feature of a monetary union, and lies at the heart of our central argument372

whereby, under discretion, a monetary union can be welfare superior to a �exible exchange373

rate regime.374

Therefore, in a monetary union and under discretion, the centralized planner�s problem375

can be written in terms of the value function de�ned by376

Vt(st�1; �H;t; �F;t) = max
f�H;t; ��F;t;yt; st; y�tg

�
Vt + �EtVt+1(st; �H;t+1; �F;t+1)

	
(44)

subject to377

(26), (27), (29), (31).378

We solve the problem in (44) by searching for the existence of a Markov-perfect equi-379

librium.7 This is a concept of subgame perfect equilibrium in which the policymaker acts380

as a Stackelberg leader, whereas the private agents and the future policymakers act as fol-381

lowers. The characterization of an algorithm to solve for a Markov perfect equilibrium of382

this class of problems is given in Dennis (2007), which generalizes previous contributions383

in Backus and Dri¢ ll (1986), and Oudiz and Sachs (1985).384

6 Symmetric nominal price rigidity385

A useful benchmark arises in the special case of � = ��. Under our maintained assumption386

that parameters " and � are equal across countries, that special case obtains when the387

degree of nominal price rigidity is identical across countries, �H = �F .388

Let389

Yt � n(yt � yt) + (1� n)(y�t � y�t ); �t � n�H;t + (1� n)��F;t (45)

denote respectively the average output gap and in�ation rate in the world economy (or390

monetary union), and391

7As it is well-known other time-consistent equilibria, outside the class of Markov-perfect Stackelberg-
Nash, might exist.
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eYt � yt � y�t ; e�t � �H;t � ��F;t; (46)

denote the relative output gap and in�ation rate respectively.392

Then, equation (35) can be written as:393

Wj�=�� �
(� + �)

2

266664 var (Yt)| {z }
average area-wide

output gap

+n(1� n)var
� eYt�| {z }

composition
of output gap

377775 (47)

� n�s
2
var (st � st) +

"

2�

2664 var (�t)| {z }
average area-wide

in�ation

+n(1� n)var (e�t)| {z }
composition
of in�ation

3775 :
Hence we see that, in addition to variations in the terms of trade gap, welfare losses394

depend on both the average level and the composition of the area-wide output gap and395

in�ation rate. We will show below that, in the assumed case of � = ��, both the average396

output gap and average in�ation are identical across exchange rate regimes. Therefore,397

the welfare ranking will crucially depend on how monetary policy shapes the composition398

of the average output gap and in�ation under alternative regimes.399

In the same special case of symmetric price stickiness, the equilibrium relationship400

between relative in�ation and the terms of trade can be conveniently characterized ana-401

lytically. We express that relationship in the following proposition.402

Proposition 1. Under the assumption � = �� (symmetric price stickiness), current403

relative in�ation, e�t, is a function of its expected future value, of the current terms of404

trade gap, and of the relative markup shock, according to the following equation:405

e�t = 
(st � st) + �e�t + �Ete�t+1; (48)
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where 
 � (+�)(2���)(���1)�+(�+�)
�

� > 0, and e�t � �H;t � �F;t�406

In order to derive expression (48), it su¢ ces to combine (26), (27) and (29). Next,407

integrating equation (48) forward, and recalling (19), we obtain:408

e�t = 
 Et( 1X
j=0

�j (st+j � st+j)

)
+

�

1� ���
e�t; (49)

where we have assumed that limj!1 Et
�
�j (st+j � st+j)

	
= 0.409

Equation (49) shows that relative in�ation depends on the current and expected future410

values of the terms of trade gap (as well as of the relative markup shocks). Hence, both411

the volatility and the persistence of the terms of trade gap contribute to the volatility412

of relative in�ation, and therefore to welfare losses. Equivalently, by recalling equation413

(29), the volatility of relative in�ation depends on the volatility and the persistence of the414

relative output gap.415

6.1 An irrelevance result416

Under the speci�ed assumption of symmetric degree of nominal price rigidity across coun-417

tries (� = ��), it is useful to �rst derive a set of analytical results. The �rst result concerns418

the dynamic evolution of the terms of trade in a monetary union. We show that, in a mon-419

etary union, the equilibrium behavior of the terms of trade is independent of the monetary420

policy authority�s ability to commit. This result will provide a useful benchmark.421

Proposition 2. Suppose � = ��. Then in a monetary union the equilibrium behavior422

of relative in�ation, e�t, and of the terms of trade, st, is independent of the monetary policy423

authority�s ability to commit �424

To understand Proposition 2, consider �rst the law of motion for the terms of trade,425

which holds under a �xed nominal exchange rate:426

st = st�1 � e�t: (50)
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Notice that, for any given exogenous process for the relative markup shock fe�tg, the pair427

of equations (48) and (50) is su¢ cient to determine an equilibrium in the two endogenous428

variables e�t and st, regardless of whether the behavior of monetary policy is speci�ed to429

be under commitment or discretion.8430

Taking advantage of the previous result, we show next that the exchange rate regime431

(whether �exible exchange rates or monetary union) is irrelevant for the equilibrium be-432

havior of average in�ation �t and of the average output gap Yt. This is our irrelevance433

result. The fact that, under speci�c conditions of symmetry, area-wide average in�ation434

and output gap behave identically under both �exible exchange rates and a monetary435

union is important to highlight that the di¤erence in welfare losses across the two regimes436

lies precisely in the behavior of the terms of trade and, consequently, of relative in�ation.437

Under those conditions, therefore, it is the composition of in�ation across countries which438

lies at the heart of the di¤erences in welfare losses. We formalize this argument in the439

following proposition.440

Proposition 3. Assume � = ��. Then if � = ��, the underlying exchange rate441

regime is irrelevant for the equilibrium behavior of the area-wide average in�ation �t and442

output gap Yt�443

To prove Proposition 3, notice �rst that combining (26) and (27), for both exchange444

rate regimes (�exible exchange rates and monetary union), and irrespective of whether445

monetary policy is conducted under commitment or discretion, one can write the following446

area-wide average expression for aggregate supply:447

�t = �Et�t+1 + (� + �)�Yt + ��t (51)

where �t � n�H;t + (1 � n)�F;t. The above equation has the �avor of a closed-economy448

New Keynesian Phillips curve, relating area-wide current in�ation to its future values, to449

8See also Benigno (2004) on this point.
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the area-wide output gap and to an average cost-push shock term.450

Consider, �rst, the case of commitment. Under �exible exchange rates, taking a451

weighted average of (37) and (38), and recalling the de�nitions of average output gap452

and in�ation given in (45), one can characterize optimal policy in terms of the following453

targeting rule involving only the union-wide average output gap and in�ation:454

(Yt � Yt�1) + "�t = 0 (52)

On the other hand, we show in Appendix D that, under the particular assumption of455

symmetric nominal price stickiness (� = ��), a condition identical to (52) describes opti-456

mal policy also in a monetary union.9 We have therefore shown that, under commitment,457

and irrespective of the underlying exchange rate regime, an equilibrium in the area-wide458

average variables is a pair f�t;Ytg solving (51) and (52) for any given process f�tg.459

We turn next to the case of discretion. To start with, notice that, under �exible460

exchange rates, one can take a weighted average of (41) and (42), to obtain the targeting461

rule462

Yt + "�t = 0 (53)

What remains to be shown is that also under a monetary union it is possible to derive463

an optimality condition like (53). Recall our result in Proposition 2 whereby, in the464

assumed case of symmetric price rigidity, the equilibrium behavior of the terms of trade is465

given by the pair of equations (48) and (50). Therefore, and relative to the speci�cation466

in (44), the optimal policy problem under discretion can be written in terms of a less467

constrained problem which can abstract from equation (50). The resulting optimization468

problem does not feature any endogenous state variable. The targeting rule that can be469

9This implies that, in a monetary union, and conditional on � = ��, the system of equations that
describe the evolution of the welfare-relevant variables consists of (26), (27), (29), (31) together with the
targeting rule (52).
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derived is then identical to (53). This completes our proof of Proposition 3. The essence470

of this proposition is that, under conditions of symmetry, average in�ation �t and average471

output gap Yt, somewhat similar to a closed economy environment, are una¤ected by the472

underlying exchange rate regime.473

7 Inertia in the terms of trade: a commitment device474

In this section we show that the key di¤erence between the �exible exchange rate regime475

and the monetary union regime lies in the di¤erent equilibrium behavior of the terms of476

trade. We can illustrate this case analytically holding constant the symmetry assumption477

� = ��.478

Notice, �rst, that under all regimes, and irrespective of whether policy is conducted479

under commitment or discretion, equation (48) holds. We reproduce it here for conve-480

nience:481

e�t = 
(st � st) + �e�t + �Ete�t+1 (54)

Flexible exchange rates Consider the case of �exible exchange rates. Under com-482

mitment, and the assumption � = ��, combining (37) and (38) with (29) yields:483

"e�t = ��
�
[(st � st)� (st�1 � st�1)] : (55)

Combining (54) with (55) to eliminate e�t yields the following second-order stochastic484

di¤erence equation for the terms of trade (note that st = 0 if markup shocks are the only485

shocks):486

�Etst+1 �
�
1 + �+

�"


�

�
st + st�1 =

��"

�
e�t: (56)

The above equation has a unique stationary representation expressing current st as a487

linear function of lagged st�1 and e�t. Hence, under commitment, and even in the presence488
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of purely iid markup disturbances, the terms of trade feature an endogenous degree of489

persistence.490

Under discretion, and once again assuming � = ��, combining (41) and (42) with (29)491

yields:492

"e�t = ��
�
(st � st) : (57)

Combining (57) with (54) to eliminate e�t yields the following �rst-order stochastic di¤er-493

ence equation for the terms of trade :494

�Etst+1 �
�
1 +

"�


�

�
st =

�"�

�
e�t: (58)

The above equation has a unique stationary solution, expressing the terms of trade as a495

purely forward-looking variable and as a function of the (relative) markup shocks. The496

main insight stemming from (58), and in stark contrast to the case under commitment,497

is that under discretion the terms of trade do not feature any degree of endogenous498

persistence.499

To summarize, in a �exible-exchange rate equilibrium under the optimal policy, the500

dynamic properties of the terms of trade depend on the ability of the monetary authority501

to commit. Under discretion, the terms of trade are exogenously persistent (i.e., only to502

the extent that the markup shocks are persistent); under commitment, and regardless of503

the stochastic properties of the markup shocks, the terms of trade feature endogenous504

inertia.505

Monetary union A genuine feature of a monetary union, conversely, is that the506

terms of trade feature endogenous inertia. This result follows as a corollary of Proposition507

2 illustrated earlier.508

Corollary 1. Suppose � = ��. Then, in a monetary union, and regardless of the509

stochastic properties of the markup shocks, the equilibrium behavior of the terms of trade510
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can be characterized by the following second-order stochastic di¤erence equation:511

�Etst+1 � (1 + �+
) st + st�1 = �e�t� (59)

Representation (59) follows immediately by combining equation (48) and (50) to elim-512

inate e�t. Similar to (56), equation (59) has a unique stationary representation expressing513

current st as a linear function of lagged st�1 and e�t. Hence, in a monetary union, the terms514

of trade feature endogenous persistence, a key feature shared with a �exible exchange rate515

regime under commitment. As a result, in a monetary union, and irrespective of whether516

or not the policy authority can commit, the terms of trade are intrinsically inertial. The517

intuition for this result is simple: the lack of nominal exchange rate �exibility combined518

with nominal price rigidity.519

Notice that, while the inertia in the terms of trade in the context of a monetary520

union has been recognized before (Benigno 2004, Pappa 2004), it was typically regarded521

as a distortion of that regime. Relatedly, Farhi and Werning (2017) emphasize that the522

ine¢ ciency at the heart of any monetary union, and regardless of the underlying degree of523

completeness in international �nancial markets, is a structural �lack of insurance�, which524

stems precisely from the suboptimal adjustment in the terms of trade that results from525

the combination of nominal price rigidity and lack of nominal exchange rate �exibility.526

Unlike those previous contributions, which are centered on the inherent ine¢ ciency527

of a monetary union, we wish to show that the inertia in the terms of trade can be an528

advantage for policy, rather than a constraint, depending on whether or not the monetary529

authority can commit. Thus, under commitment, inertia in the terms of trade is always a530

cost. Under discretion, however, inertia in the terms of trade can generally be bene�cial :531

it allows the policy authority to trade-o¤ e¢ ciency in the response to asymmetric shocks532

(the aggregate demand stabilization cost) in order to gain in terms of management of533

in�ation expectations. We turn to clarifying this point below.534
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7.1 Dynamics535

In this section, we study the equilibrium dynamics under �exible exchange rates vis-a-vis536

a monetary union depending on the ability of the monetary authority to commit. We �rst537

describe the numerical calibration employed in our exercises.538

Calibration We resort to the following calibration. The baseline parameter values539

are displayed in Table 1. A value of 0:99 for the discount factor � implies a steady-540

state real interest rate of around 4:1 percent annually. A value of 7:66 for the elasticity541

of substitution between di¤erentiated goods " implies a steady-state markup of prices542

over marginal costs of 15 percent. The trade elasticity of substitution � is calibrated to543

2, which implies non-negligible degree of substitutability between domestic and foreign544

goods. Given the well-known uncertainty in the literature about the value of �, we perform545

robustness exercises below. A value of 0:75 for the probability of not being able to reset546

the price �i implies an average duration of price contracts of four quarters, consistent with547

much of the empirical evidence based on micro data. Both the degree of trade openness548

� and the relative size of the Home country n are calibrated to 0:5. These values imply a549

steady-state share of home-produced goods in the consumption basket,  and �, of 0:75.550

Note that the share of home-produced goods is symmetric across countries only under551

symmetric country size (n = 0:5). Asymmetries in country size (n 6= 0:5) will lead to552

asymmetries in the share of home-produced goods ( 6= �).553
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554

Table 1. Baseline calibration
Parameter Description Value/Target

� Discount factor 0:99
� Inverse elasticity of intertemporal substitution 1
� Inverse elasticity of producing di¤erentiated good 0:67
n Relative size of Home country 0:5
� Degree of trade openness 0:5
" Elasticity of substitution btw. di¤erentiated goods 7:66
� Elasticity of substitution btw. Home and Foreign goods 2
�i Probability of not being able to reset price in country i = H;F 0:75
�� Persistence of markup shock in country i = H;F 0:9
��i Variance innovation markup process in country i = H;F 1

555

Unless otherwise stated, we assume that all structural parameters indicated above have556

identical values across countries, including the variance of the innovation to the markup557

process, which are also assumed to be uncorrelated across countries. This implies that, in558

our baseline calibration, the symmetry assumptions � = ��and n = (1�n)� both hold.559

Impulse responses Figure 1 shows impulse responses of relative in�ation and terms560

of trade gap to a markup shock in Home under the assumption of commitment (the561

behavior of the relative output gap is isomorphic to the one of the terms of trade, so it was562

omitted for the sake of clarity). For each panel, the case of �exible exchange rates (dashed563

line) is contrasted to the one of a monetary union (solid line). Qualitatively, the behavior564

of both variables is similar under the two policy regimes: this is an implication of our565

results derived above, and expressed in particular in equations (56) and (59), which show566

that, under commitment, the terms of trade exhibit inertia under both �exible exchange567

rates and a monetary union. In both cases, a rise in the Home markup generates a568

typical �cost-push driven�tradeo¤ between higher relative in�ation and lower output gap569

(and/or appreciated terms of trade).10 In the case of �exible exchange rates, however,570

10See Clarida et al. (1999) for the seminal analysis of so called cost-push shocks in a closed economy
environment.
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the more pronounced terms of trade appreciation, made feasible by the �exibility of the571

nominal exchange rate, restrains the response of relative in�ation when compared to the572

case of a monetary union: under both regimes, in fact, relative in�ation is a function of573

current and expected future movements in the terms of trade via equation (49). Overall,574

this e¤ect is welfare increasing, and lies at the heart of the widely accepted optimality of575

�exible exchange rate regimes relative to monetary unions. Conversely, the gap between576

the response of the terms of trade under the two regimes is a measure of the ine¢ cient577

adjustment of international relative prices under a monetary union. That ine¢ ciency has578

been emphasized as the key one leading to a structural lack of insurance characterizing579

any monetary union (see e.g., Farhi and Werning 2017).580

Figure 2 reports the impulse responses of the terms of trade gap and relative in�ation581

in the case of discretion, which is the case of particular interest for our purposes. Once582

again solid lines indicate the response under a monetary union, whereas dashed lines583

indicate the responses in the case of �exible exchange rates.584

Two results are worth emphasizing. First, notice that the terms of trade feature585

an inertial behavior only in the case of a monetary union, as (once again) indicated586

by equation (59). Under �exible exchange rates, the terms of trade appreciate sharply,587

and follow a Markov-type path afterwards: in practice they are the mirror image of588

the autoregressive exogenous markup process. Under a monetary union, and due to the589

in�exibility of the nominal exchange rate, the appreciation of the terms of trade is muted590

in the short run, but builds up afterwards. It is as if the monetary authority, in the current591

period, generated expectations of a future, more pronounced appreciation of the terms of592

trade (relative to the case of �exible exchange rates). The inertial behavior of the terms of593

trade in the case of a monetary union is re�ected in the behavior of relative in�ation. Since594

relative in�ation, via equation (49), is a function of both the current and expected future595

terms of trade, the expectations of a more prolonged future real appreciation restrain596

the short-run increase in relative in�ation under a monetary union. Overall, in�ation is597
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Figure 1: Impulse responses to a positive markup shock in Home under commitment : monetary
union (solid) vs. �exible exchange rates (dashed). Note: % deviations from steady state.
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Figure 2: Impulse responses to a positive markup shock in Home under discretion: monetary
union (solid) vs. �exible exchange rates (dashed). Note: % deviations from steady state.
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more stable in a monetary union. We will show below that this inherent bene�t is critical598

in generating a welfare improvement in the monetary union case with respect to �exible599

exchange rates.600

8 The (un)desirability of a monetary union601

In this section we conduct a thorough comparison of the welfare properties of each ex-602

change rate regime, depending on the ability of the monetary authority to commit.603

Figure 3 depicts our key result. It reports the di¤erence in (area-wide) welfare losses,604

WMU �WFLEX , between a monetary union and a �exible exchange rate regime, as a605

function of the underlying degree of nominal rigidity assumed equal across countries (�H =606

�F ), and separately for discretion and commitment. Positive values of the welfare loss607

di¤erence, therefore, indicate that a monetary union entails higher welfare costs than608

�exible exchange rates.609

The dashed line is illustrative of the standard consensus: under commitment, and610

regardless of the underlying degree of nominal rigidities, a monetary union always entails611

higher welfare losses relative to �exible exchange rates. This is a plain application of612

the classic Friedman dictum, whereby, under nominal rigidities, �exible exchange rates613

compensate for the inertial behavior in goods prices, thereby allowing the economy to614

replicate the constrained-e¢ cient response of the terms of trade.11615

However, under discretion, the consensus result is overturned (solid line): a mone-616

tary union now entails lower welfare losses than �exible exchange rates. Only for very617

low degrees of price stickiness, well outside the range of plausible empirical estimates, a618

monetary union entails higher welfare losses.12619

11It is worth recalling, however, that the constrained e¢ cient allocation under �exible exchange rates
still di¤ers from the �rst-best �exible price allocation, due to the presence of markup (i.e., ine¢ cient)
shocks.
12See Nakamura and Steinsson (2013) for a review of the available empirical micro evidence on the

degree of nominal price rigidity.
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Figure 3: Welfare loss di¤erenceWMU �WFLEX as a function of the degree of price stickiness
under discretion and commitment. Note: a positive value indicates that �exible exchange rates
dominate a monetary union.
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Before looking at the factors driving these key results, two further observations are620

worth noticing. First, and at least under our baseline calibration, the welfare gain of a621

monetary union over �exible exchange rates under discretion is greater than the welfare622

gain of �exible exchange rates over a monetary union under commitment. Second, the623

welfare loss di¤erence features a U-shaped, non-monotonic, relationship with the degree624

of price stickiness. The intuition for the non-monotonicity can be easily grasped by625

looking at the two extreme cases of full price �exibility (�H = �F = 0) and full price626

rigidity (�H = �F = 1). Under full price �exibility, the underlying exchange rate regime627

is irrelevant, because the �exibility of prices eventually compensates for the inertia in628

the nominal exchange rate; conversely, full price rigidity entails that in�ation is always629

perfectly constant in equilibrium (and starting from a steady state in which the in�ation630

rate is in line with the assumed target of zero), implying no welfare losses irrespective of631

commitment or discretion.632

To inspect the mechanism more closely, Figure 4 depicts, under commitment, the633

contribution of the relevant components to the absolute welfare loss: relative in�ation,634

the relative output gap, and the terms of trade gap.13 In each panel, the case of a monetary635

union (solid line) is contrasted to the one of �exible exchange rates (dashed line). The636

�gure features a breakdown of the main factors that contribute to the relatively higher637

welfare cost of monetary unions: �rst, and foremost, a higher volatility in relative in�ation638

(which increases the overall welfare losses); second, a lower volatility of the terms of trade639

gap (which, under the assumption �� > 1, and therefore �s > 0, contributes in decreasing640

welfare losses relatively less). Both terms, in Figure 4, are appropriately weighted by the641

structural coe¢ cients featured in (47). Clearly, moving from �exible exchange rates to a642

monetary union entails costs (a higher volatility of relative in�ation and a lower volatility643

of the terms of trade gap, the latter being a cost under the assumption �� > 1), but also644

13Recall that under the assumption of symmetric price stickiness, both the area-wide average in�a-
tion rate and output gap are independent of the underlying exchange rate regime (see Proposition 3).
Therefore, in Figure 4 we do not report their contribution to welfare losses.
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bene�ts (a lower output gap volatility). As the top left panel shows, under our baseline645

parameterization, the costs uniformly outweigh the bene�ts, making a monetary union646

invariably more welfare costly, regardless of the degree of nominal price rigidity.
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Figure 4: Average welfare loss and its components under commitment : monetary union (solid)
vs. �exible exchange rates (dashed).

647

By contrast, Figure 5 shows the case of discretion. As shown in the top left panel, a648

monetary union entails now a lower welfare loss relative to a regime of �exible exchange649

rates, except for very low degrees of price rigidity. The main driver of this result, as650

clearly illustrated in the top right panel, is a lower volatility in the relative in�ation term.651

This stems precisely from the inertia in the terms of trade induced by the �xed exchange652

rate. Noticeably, the welfare advantage of being in a monetary union relative to a regime653

of �exible exchange rates is non-monotonic in the degree of price rigidity, and reaches a654
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peak around the value for price stickiness (0:75) assumed in our baseline calibration (and655

allegedly in line with most empirical evidence, especially for the Eurozone14). The reason656

for the non-monotonicity is as follows. The costs, associated with discretionary policy, of657

taking in�ation expectations as given are increasing in the degree of price rigidity because,658

as the latter increases, price setters become more and more forward-looking. In the limit,659

however, when prices are perfectly rigid, the gains associated to a better management of660

in�ation expectations disappear, because a cost-push shock becomes ine¤ective.
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Figure 5: Average welfare loss and its components under discretion: monetary union (solid) vs.
�exible exchange rates (dashed).

661

14See Dhyne et al. (2005).
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9 Asymmetric nominal price rigidity662

So far we have worked under the assumption of cross-country symmetry in the degree of663

price stickiness (� = ��). This assumption has the important implication that it makes664

the policy maker�s ability to commit irrelevant for the determination of the equilibrium665

behavior of the terms of trade (see Proposition 2 and Corollary 1). Therefore, under666

discretion, the inherent bene�t of a monetary union (relative to �exible exchange rates)667

arises exclusively from the endogenous inertia that characterizes the terms of trade under668

that exchange rate regime.669

The general case of asymmetric price stickiness is particularly interesting to study670

because in that case the characterization of a Markov perfect equilibrium requires, also671

under discretion, the solution of a fully dynamic recursive problem (as formalized in672

44).15 Figure 6 depicts the e¤ects on the welfare loss di¤erence, WMU � WFLEX , of673

varying (only) the degree of domestic price stickiness, while holding constant �F , the674

degree of price stickiness in Foreign. This is shown for several cases, corresponding to675

alternative values of �F . Clearly, with the exception of limiting cases in which the degree676

of price stickiness is extremely low in both countries (although not necessarily equal),677

the welfare loss di¤erence takes invariably a negative value, implying a lower welfare loss678

under a monetary union. We therefore conclude that asymmetries in the degree of price679

stickiness are not, to any important degree, relevant for the welfare ranking between the680

two monetary regimes. They only a¤ect the size of the welfare gain of the monetary union681

regime. Notice also that the maximum welfare gain from a monetary union (i.e., the lowest682

value in the welfare loss di¤erence) is not necessarily achieved under a symmetric degree683

of price stickiness.684

15We solve the problem speci�ed in (44) by resorting to the algorithm developed by Dennis (2007) and
implemented in Dynare (Adjemian et al. 2011).
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Figure 6: E¤ect of varying domestic price stickiness on the welfare loss di¤erence WMU �
WFLEX under discretion and for alternative foreign price stickiness.
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10 Robustness685

In this section, we assess the robustness of our main result (i.e., the desirability of a686

monetary union under discretion) to variations in some key model parameters.687

E¢ cient vs. ine¢ cient shocks So far, the analysis was exclusively based on the688

presence of (asymmetric) markup shocks. These ine¢ cient shocks create fundamental689

tradeo¤s for monetary stabilization policy and, together with forward-looking staggered690

pricing, give rise to gains from commitment (Woodford 2003, Clarida et al. 1999). Un-691

der e¢ cient shocks, like productivity shocks, and under our maintained assumptions of692

producer currency pricing and complete asset markets across countries, there are no trade-693

o¤s for stabilization policy - the �divine coincidence�case of Blanchard and Galí (2007).694

Therefore, there are also no gains from commitment, or commitment-like features such as695

inertia in the terms of trade (as emphasized here).696

Figure 7 shows the welfare loss di¤erence, under discretion, conditional on alternative697

values of the volatility of productivity shocks (zY;t; z�Y;t) and of the markup shocks �j;t.698

The black line shows our baseline result (i.e. no productivity shocks). Clearly, and as699

expected, the more important productivity shocks become relative to markup shocks, the700

smaller are the gains of a monetary union and the higher the minimal degree of price701

stickiness needed to make a monetary union more desirable relative to �exible exchange702

rates. If the volatility of productivity shocks is twice as large as the one of markup shocks703

(green line), a monetary union is no longer bene�cial, irrespective of the degree of price704

stickiness.705

Persistence of markup shocks Next, we look at how price stickiness a¤ects the706

welfare loss di¤erence under alternative assumptions on the persistence of the markup707

shock ��. In what follows, we return to the baseline assumption of a symmetric degree708

of price stickiness across countries. Figure 8 shows that a monetary union continues to709
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Figure 7: E¤ect of varying domestic price stickiness on the welfare loss di¤erence WMU �
WFLEX under discretion and for alternative values of the volatility of productivity shocks
(zY;t; z�Y;t) and of the markup shocks �j;t.

be desirable for plausible estimates of the degree of price stickiness, though the size of710

the welfare gain decreases rapidly as the shock persistence decreases. Notice, however,711

that the lower the degree of persistence of the markup shock, the higher the minimal712

degree of price stickiness needed to make a monetary union more desirable relative to713

�exible exchange rates. The role played by the shock persistence is intuitive, given that714

the inherent bene�t of a monetary union is due to the inertia in the terms of trade and its715

stabilizing e¤ect on in�ation expectations. As the shock becomes more and more short-716

lived, the importance of expectations in general decreases. As a result, the bene�t of717

stabilizing in�ation expectations tends to vanish.718
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Figure 8: E¤ect of varying domestic price stickiness on the welfare loss di¤erence WMU �
WFLEX under discretion and for alternative degrees of persistence of the markup shock.
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Trade elasticity of substitution Figure 9 displays the e¤ect on the welfare loss719

di¤erence of varying the trade elasticity of substitution �. The relationship is clear-720

cut: The lower the degree of substitutability of internationally traded goods, the higher721

the minimal degree of price stickiness needed to make a monetary union more desirable722

relative to �exible exchange rates, and the smaller is the corresponding welfare gain.723

As the internationally traded goods become less substitutable for consumers in both724

countries, the terms of trade become less and less important for price setters and their725

expectations, due to a decreasing expenditure switching e¤ect. In the extreme case of zero726

substitutability (� = 0), households consume the goods in �xed proportions, irrespective727

of changes in their relative price. In this case, the bene�t of policy-induced inertia in the728

terms of trade ceases to exist. By contrast, if the elasticity of substitution increases, the729

terms of trade become more and more important for price setters due to the increasing730

expenditure switching e¤ect. As a result, the bene�cial e¤ect of terms-of-trade inertia on731

in�ation expectations, and ultimately on in�ation, tends to increase. Lastly, notice that,732

given � = 1, Figure 9 displays cases where, respectively, �� < 1, �� = 1, and �� > 1.733

It therefore becomes clear that this condition, which plays a crucial role in shaping the734

cross-border spillovers of shocks, does not play an important role per se in shaping the735

welfare implications of monetary uni�cation.736

11 Conclusions737

We have studied a classic issue in international monetary economics, namely whether, as738

originally argued by Friedman (1953), the presence of nominal price rigidity makes an un-739

equivocal (welfare) case in favor of �exible exchange rates. We have shown that the answer740

to this question hinges crucially on the monetary authority�s ability to commit. When741

the monetary authority lacks commitment, a regime of �xed exchange rates (or monetary742

union) generally welfare dominates one of �exible exchange rates. This result is in stark743

contrast with the general consensus whereby the participation to a monetary union en-744
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Figure 9: E¤ect of varying domestic price stickiness on the welfare loss di¤erence WMU �
WFLEX under discretion and for alternative values of the trade elasticity of substitution �.

tails a genuine ine¢ ciency, in that it precludes the e¢ cient adjustment of international745

relative prices in response to asymmetric shocks. Our analysis shows that such an inef-746

�ciency typically makes a monetary union welfare dominated only under the admittedly747

extreme assumption of full commitment by the monetary policy authority. Importantly,748

we have shown that, when the monetary policy authority lacks commitment, the �inherent749

bene�t�of a monetary union is higher the higher the incidence of asymmetric ine¢ cient750

shocks, and/or the higher the degree of nominal price rigidity, in stark contrast with both751

the traditional OCA theory and the classic Friedman (1953) argument. Although both752

polar cases of full commitment and discretion are somewhat extreme, this result highlights753
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the importance of focusing on the policy credibility dimension when employing dynamic754

microfounded models to assess the desirability of alternative exchange rate regimes.755
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A Market clearing conditions in the full model846

Market clearing for domestic variety i must satisfy:847

Yt(i) = n CH;t(i) + (1� n) C�H;t(i) (A.1)

=

�
PH;t(i)

PH;t

��" "
(1� )

�
PH;t
Pt

���
Ct +

(1� n)

n
�
�
P �H;t
P �t

���
C�t

#

=

�
PH;t(i)

PH;t

��"�
PH;t
Pt

��� �
(1� )Ct +

(1� n)

n
�Q�tC

�
t

�
(A.2)

Market clearing for foreign variety i must satisfy:848

Y �
t (i) = n CF;t(i) + (1� n) C�F;t(i) (A.3)

=

�
PF;t(i)

PF;t

��"�
PF;t
Pt

��� �
n

1� n
Ct + (1� �)Q�tC

�
t

�
Inserting (A.1) and (A.3) into the following two equations, respectively

Yt =

"�
1

n

� 1
"
Z n

0

Yt(i)
"�1
" di

# "
"�1

(A.4)

Y �
t =

"�
1

1� n

� 1
"
Z 1

n

Y �
t (i)

"�1
" di

# "
"�1

;

yields aggregate demand in each country:

Yt =

�
PH;t
Pt

��� �
(1� )Ct +

1� n

n
�Q�tC

�
t

�
(A.5)

Y �
t =

�
PF;t
Pt

��� �
n

1� n
Ct + (1� �)Q�tC

�
t

�
:

In the particular case of a symmetric degree of trade openness across countries (� = ��),

we can write aggregate demand in each country as:

Yt =

�
PH;t
Pt

���
[(1� )Ct + Q�tC

�
t ] (A.6)

Y �
t =

�
PF;t
Pt

���
[�Ct + (1� �)Q�tC

�
t ] :
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Assuming C = C� in steady state, log-linearization of the previous two equations yields

yt = �st + (1� )ct + c�t + �qt (A.7)

y�t = �(1� )�st + �ct + (1� �)c�t + (1� �)�qt:

Inserting the log-linearized version of (15), which is given by849

qt = (1�  � �)st; (A.8)

to eliminate qt yields:

yt = (1� )ct + c�t + (2�  � �)�st (A.9)

y�t = �ct + (1� �)c�t � �(2�  � �)�st: (A.10)

B E¢ cient allocation850

The �rst-best or e¢ cient allocation describes the equilibrium in which prices are fully851

�exible and in which markups are neutralized at all times with an appropriate subsidy852

(�j;t = 0). This e¢ cient allocation provides a useful benchmark in order to assess the853

welfare implications of the two exchange rate regimes. Again, we assume a symmetric854

degree of trade openness, i.e., � = ��.855

Log-linearizing the risk sharing condition (16) yields16856

qt = �(ct � c�t ) + (z
�
C;t � zC;t): (B.1)

Combining (A.9), (B.1) and (A.8) yields857

�yt = �ct + [(2�  � �)(�� � 1) + 1]st + (z�C;t � zC;t): (B.2)

Log-linearizing the optimal pricing equation (under �exible prices) in Home yields:858

�yt = �st � �ct + zC;t + �zY;t: (B.3)

16The following equations contain consumption preference shocks zC;t and z�C;t that we have abstracted
from in the main body of the paper; see also the derivation of the welfare loss function.
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Combining the previous two equations to eliminate ct yields:859

(� + �)yt = (2�  � �)(�� � 1)st � (zC;t � z�C;t) + zC;t + �zY;t: (B.4)

The corresponding equation for country F is derived in a completely analogous way. Thus,860

(� + �)y�t = ��(2�  � �)(�� � 1)st + �(zC;t � z�C;t) + z�C;t + �z�Y;t: (B.5)

The e¢ cient terms of trade are given by861

�
( + �)(2�  � �)�� + (1�  � �)2

�
st = � (yt � y�t )� (1�  � �)

�
zC;t � z�C;t

�
;

(B.6)

which is obtained by subtracting the country-speci�c aggregate demand equations (A.9)862

and (A.10) from each other and by using the risk sharing condition (B.1) and equation863

(A.8) to eliminate country-speci�c consumption and the real exchange rate.864

C Welfare loss function865

The derivation of the quadratic welfare loss function follows Corsetti, Dedola, and Leduc866

(2011). The period utility of agents living in country H is given by867

Wt = U(Ct; ZC;t)�
1

n

Z n

0

V (Yt(i); ZY;t)di; (C.1)

where

U(Ct; ZC;t) = ZC;t
C1��t � 1
1� �

(C.2)

V (Yt(i); ZY;t) = Z��Y;t
Yt(i)

1+�

1 + �
; (C.3)

where ZC;t and ZY;t are shocks to consumption preferences and to productivity, re-868

spectively. A second-order approximation of U(Ct; ZC;t) yields869

U(Ct; ZC;t) = UCC

�
ct +

1� �

2
c2t + ctzC;t

�
+ t:i:p:+O(kZk3); (C.4)
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where the term t:i:p: collects all the terms that are independent of monetary policy as870

well as independent of the exchange rate regime and the term O(kZk3) groups all the871

terms that are of third or higher order in the deviations of the various variables from their872

steady state.873

A second-order approximation of V (Yt(i); ZY;t) yields874

V (Yt(i); ZY;t) = VY Y

�
yt(i) +

1 + �

2
yt(i)

2 � �yt(i)zY;t

�
+ t:i:p:+O(kZk3): (C.5)

Under the assumption that � = �� and that in the steady state C = C�, it follows that875

S = Q = 1 and Y = C in the steady state. Under the additional assumption that876

the steady state is e¢ cient, i.e., an appropriate subsidy �H eliminates the distortion due877

monopolistic competition, the e¢ ciency of the �exible price allocation implies878

VY Y = UCC: (C.6)

Integrating (C.5) over the di¤erentiated goods i yields

1

n

Z n

0

V (Yt(i); ZY;t)di =UCC

�
yt +

1 + �

2
y2t � �ytzY;t +

1

2
("�1 + �)iyt(i)

�
+ t:i:p:+O(kZk3); (C.7)

where we used879

iyt(i) = Eiyt(i)2 � [Eiyt(i)]2 (C.8)

to eliminate Eiyt(i)2 and the second-order approximation of yt880

yt = Eiyt(i) +
1

2

"� 1
" i

yt(i) +O(kZk3) (C.9)

to eliminate Eiyt(i).881

Inserting (C.4) and (C.7) into (C.1) yields

Wt =UCC

�
ct +

1� �

2
c2t + ctzC;t � yt �

1 + �

2
y2t + �ytzY;t �

1

2
("�1 + �)iyt(i)

�
+ t:i:p:+O(kZk3): (C.10)

54



The log-linear expression of (A.1) implies that882

iyt(i) = "2i pH;t(i): (C.11)

And completely analogous to Woodford (2003)883

1X
k=0

�ki pH;t+k(i) =
�H

(1� �H�)(1� �H)

1X
k=0

�k�2H;t+k: (C.12)

Using the previous two relationships to eliminate iyt(i) yields884

Et
1X
k=0

�kWt+k = UCCEt
1X
k=0

�kVt+k (C.13)

where

Vt =ct � yt +

�
1� �

2
ct + zC;t

�
ct �

�
1 + �

2
yt � �zY;t

�
yt

� 1
2
"(1 + "�)

�H

(1� �H�)(1� �H)
�2H;t + t:i:p:+O(kZk3): (C.14)

The previous steps can be repeated completely analogously to obtain the corresponding885

expression for country F :886

Et
1X
k=0

�kW�
t+k = UCCEt

1X
k=0

�kV�t+k (C.15)

where

V�t =c�t � y�t +

�
1� �

2
c�t + z�C;t

�
c�t �

�
1 + �

2
y�t � �z�Y;t

�
y�t

� 1
2
"(1 + "�)

�F

(1� �F�)(1� �F )
��

2

F;t + t:i:p:+O(kZk3): (C.16)

The world welfare loss function is given by the weighted average of the country-speci�c
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welfare loss functions:

Vt =nVt + (1� n)V�t

=nct + (1� n)c�t � nyt � (1� n)y�t

+ n

�
1� �

2
ct + zC;t

�
ct + (1� n)

�
1� �

2
c�t + z�C;t

�
c�t

� n

�
1 + �

2
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�
yt � (1� n)

�
1 + �

2
y�t � �z�Y;t

�
y�t

� 1
2
n"(1 + "�)

�H

(1� �H�)(1� �H)
�2H;t

� 1
2
(1� n)"(1 + "�)

�F

(1� �F�)(1� �F )
��

2

F;t

+ t:i:p:+O(kZk3): (C.17)

C.1 Eliminating the linear terms887

The world resource constraint expressed in the currency of country H is given by888

nPtCt + (1� n)EtP �t C�t = nPH;tYt + (1� n) EtP �F;t| {z }
=PF;t

Y �
t (C.18)

Dividing both sides by Pt yields889

nCt + (1� n)
EtP �t
Pt| {z }
=Qt

C�t = n
PH;t
Pt

Yt + (1� n)
PF;t
Pt

Y �
t (C.19)

Note that890

PH;t
Pt

=
�
1�  + S1��t

�� 1
1�� (C.20)

and891

PF;t
Pt

=
PF;t
EtP �t

EtP �t
Pt

=
�
�S��1t + 1� �

�� 1
1�� Qt: (C.21)

Thus, the world resource constraint can be written as follows:

nCt + (1� n)QtC
�
t =n

�
1�  + S1��t

�� 1
1�� Yt

+ (1� n)
�
�S��1t + 1� �

�� 1
1�� QtY

�
t : (C.22)
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The second-order approximation of this expression yields

nct + (1� n)c�t�nyt � (1� n)y�t

=� 1
2

�
nc2t + (1� n)c�

2

t

�
+
1

2

�
ny2t + (1� n)y�

2

t

�
+ (1� n) (y�t � c�t ) qt � n (yt � y�t ) st

+
1

2
n(2�  � �)�s2t

+ t:i:p:+O(kZk3); (C.23)

where we have used the fact that, under � = ��:892

n = (1� n)�: (C.24)

Note that this equality is frequently used in the subsequent manipulations as well. In-

serting (C.23) into (C.17) to eliminate the linear terms yields

Vt =� n
��
2
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�
ct � (1� n)

��
2
c�t � z�C;t

�
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1

2
�n(2�  � �)s2t � n (yt � y�t ) st
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�
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�
yt � (1� n)

�
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n"(1 + "�)
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(1� �H�)(1� �H)
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2
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2

F;t

+ t:i:p:+O(kZk3): (C.25)
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C.2 Further manipulations893

Add and subtract 1
2
nstyt and 1

2
(1� n)�sty

�
t to obtain

Vt =� n
��
2
ct � zC;t

�
ct � (1� n)

��
2
c�t � z�C;t

�
c�t

+ (1� n) (y�t � c�t ) qt +
1

2
�n(2�  � �)s2t �

1

2
n (yt � y�t ) st

� n

�
�

2
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1

2
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�
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�
�

2
y�t � �z�Y;t �

1

2
�st

�
y�t

� 1
2
n"(1 + "�)

�H

(1� �H�)(1� �H)
�2H;t

� 1
2
(1� n)"(1 + "�)
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(1� �F�)(1� �F )
��

2

F;t

+ t:i:p:+O(kZk3): (C.26)

Add and subtract n
�
�
2
ct � zC;t

�
yt and (1� n)

�
�
2
c�t � z�C;t

�
y�t to obtain

Vt =� n
��
2
ct � zC;t

�
(ct � yt)� (1� n)

��
2
c�t � z�C;t + qt

�
(c�t � y�t )

+
1

2
�n(2�  � �)s2t �

1

2
n (yt � y�t ) st
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�
�
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�

2
yt � �zY;t +

1

2
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�
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� (1� n)

�
�

2
c�t � z�C;t +

�

2
y�t � �z�Y;t �

1

2
�st

�
y�t

� 1
2
n"(1 + "�)

�H

(1� �H�)(1� �H)
�2H;t

� 1
2
(1� n)"(1 + "�)

�F

(1� �F�)(1� �F )
��

2

F;t

+ t:i:p:+O(kZk3): (C.27)

The term in parentheses in front of yt and y�t in the third and fourth line, respectively,894

can be related to the output gap and the terms of trade gap. Rearranging (B.2), which895

also holds under sticky prices, yields896


�
zC;t � z�C;t

�
= � (ct � yt) + [(2�  � �)(�� � 1) + 1]st: (C.28)
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Inserting this into (B.4) yields897

�ct� zC;t+ � (yt � zY;t)+st = (�+ �) (yt � yt)�(2���)(��� 1) (st � st) : (C.29)

This equation can be rewritten as follows:

�

2
ct � zC;t +

�

2
yt � �zY;t +

1

2
st

= (� + �)

�
1

2
yt � yt

�
� (2�  � �)(�� � 1)

�
1

2
st � st

�
� 1
2

�
zC;t � z�C;t

�
: (C.30)

Repeating the same steps, the foreign analog to this equation is given by

�

2
c�t � z�C;t +

�

2
y�t � �z�Y;t �

1

2
�st
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1

2
st � st

�
+
1

2
�
�
zC;t � z�C;t

�
:

(C.31)

The left-hand side of the previous two equations corresponds to the terms in parentheses

in front of yt and y�t in (C.27). Accordingly, substitution yields
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��
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ct � zC;t
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(ct � yt)� (1� n)

��
2
c�t � z�C;t + qt
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F;t

+ t:i:p:+O(kZk3): (C.32)

Combining the �rst-order approximation of the world resource constraint (C.22)898

nct + (1� n)c�t = nyt + (1� n)y�t (C.33)
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with the risk-sharing condition899

qt = � (ct � c�t ) +
�
z�C;t � zC;t

�
(C.34)

to eliminate c�t yields900

� (ct � yt) = (1� n)

�
yt � y�t �

1

�

�
qt + zC;t � z�C;t

��
: (C.35)

The foreign analog is given by901

(c�t � y�t ) = n

�
yt � y�t �

1

�

�
qt + zC;t � z�C;t

��
: (C.36)

Inserting the previous two equations into (C.32) yields
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+ t:i:p:+O(kZk3): (C.37)

Using the risk-sharing condition to eliminate the consumption di¤erential (ct � c�t ) and
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rearranging the resulting �rst line yields
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F;t

+ t:i:p:+O(kZk3): (C.38)

Collecting the terms in the output di¤erential (yt � y�t ) in the �rst two lines yields
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+ t:i:p:+O(kZk3): (C.39)

Using (B.6), which also holds under sticky prices, to eliminate the output di¤erential
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(yt � y�t ) yields
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�
1� 

1� n

�
( + �)(2�  � �)�� + (1�  � �)2

�

�
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�
st

+ n(2�  � �)(�� � 1)1�  � �

�

�
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��1
2
st � st

�
+
1

2
n

�
�(2�  � �)� (1� n)

( + �)(2�  � �)�� + (1�  � �)2

�

�
s2t

+ n(2�  � �)
�� � 1
�

[( + �)(2�  � �)�� + (1�  � �)2]

�
1

2
st � st

�
st

� n(� + �)

�
1

2
yt � yt

�
yt � (1� n)(� + �)

�
1

2
y�t � y�t

�
y�t

� 1
2
n"(1 + "�)

�H

(1� �H�)(1� �H)
�2H;t

� 1
2
(1� n)"(1 + "�)

�F

(1� �F�)(1� �F )
��

2

F;t

+ t:i:p:+O(kZk3): (C.40)

Using qt = (1�  � �)st and collecting the terms in s2t and
�
zC;t � z�C;t

�
st, it is straight-

forward to show that the �rst four lines of the above expression are equal to 0+ t:i:p:. As

a result, the above expression simpli�es to

Vt =� n(� + �)

�
1

2
yt � yt

�
yt � (1� n)(� + �)

�
1

2
y�t � y�t

�
y�t

+ n(2�  � �)
�� � 1
�

[( + �)(2�  � �)�� + (1�  � �)2]

�
1

2
st � st

�
st

� 1
2
n"(1 + "�)

�H

(1� �H�)(1� �H)
�2H;t

� 1
2
(1� n)"(1 + "�)

�F

(1� �F�)(1� �F )
��

2

F;t

+ t:i:p:+O(kZk3): (C.41)
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Note that for any given variable xt�
1

2
xt � xt

�
xt =

1

2

�
x2t � 2xtxt

�
=
1

2

�
x2t � 2xtxt + x2t

�
� 1
2
x2t

=
1

2
(xt � xt)

2 + t:i:p: (C.42)

Thus, the world welfare loss function can be rewritten in its �nal form:

Vt =�
1

2

 
n(� + �) (yt � yt)

2 + (1� n)(� + �) (y�t � y�t )
2

� n(2�  � �)
�� � 1
�

�
( + �)(2�  � �)�� + (1�  � �)2

�
(st � st)

2

+ n"(1 + "�)
�H

(1� �H�)(1� �H)
�2H;t

+ (1� n)"(1 + "�)
�F

(1� �F�)(1� �F )
��

2

F;t

!
+ t:i:p:+O(kZk3): (C.43)

D Derivation of targeting rules902

In this section of the Appendix we specify the details of the optimal policy problem under903

each regime (�exible exchange rates and monetary union), distinguishing in each case904

between commitment and discretion.905
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D.1 Flexible exchange rates906

Commitment Under commitment, the Lagrangian is given by

L =UCCEt
1X
t=0

�t

"
�1
2

�
n(� + �) (yt � yt)

2 + (1� n)(� + �) (y�t � y�t )
2

� n(2�  � �)
�� � 1
�

�
( + �)(2�  � �)�� + (1�  � �)2

�
(st � st)

2

+ n
"

�
�2H;t + (1� n)

"

��
��

2

F;t

�
+ n'H;t

�
�H;t � (� + �)� (yt � yt) + (2�  � �)(�� � 1)� (st � st)

� ��H;t � �Et�H;t+1
�

+ (1� n)'�F;t

�
��F;t � (� + �)�� (y�t � y�t )� �(2�  � �)(�� � 1)�� (st � st)

� ���F;t � �Et��F;t+1
�

+ #t

��
( + �)(2�  � �)�� + (1�  � �)2

�
(st � st)� � [(yt � yt)� (y�t � y�t )]

�#
;

(D.1)

where 'H;t, '
�
F;t, and #t are the respective Lagrange multipliers. The �rst-order conditions

with respect to �H;t, ��F;t, yt, y
�
t , and st are given by

0 =� "

�
�H;t + 'H;t � 'H;t�1 (D.2)

0 =� "

��
��F;t + '�F;t � '�F;t�1 (D.3)

0 =� n(� + �) (yt � yt)� n(� + �)�'H;t � �#t (D.4)

0 =� (1� n)(� + �) (y�t � y�t )� (1� n)(� + �)��'�F;t + �#t (D.5)

0 =n(2�  � �)
�� � 1
�

�
( + �)(2�  � �)�� + (1�  � �)2

�
(st � st)

+ n(2�  � �)(�� � 1)(�'H;t � ��'�F;t)

+
�
( + �)(2�  � �)�� + (1�  � �)2

�
#t: (D.6)
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Combining the �rst-order conditions to eliminate the Lagrange multipliers and using the

gap version of (29) to eliminate the terms-of-trade gap yields the following two targeting

rules (see also Corsetti, Dedola, and Leduc 2011):

0 = (yt � yt)�
�
yt�1 � yt�1

�
+ "�H;t (D.7)

0 = (y�t � y�t )�
�
y�t�1 � y�t�1

�
+ "��F;t: (D.8)

Discretion Under discretion, the Lagrangian is given by

L =� 1
2

 
n(� + �) (yt � yt)
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2
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2
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�
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��
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2
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!

+ n'H;t

 
�H;t � (� + �)� (yt � yt) + (2�  � �)(�� � 1)� (st � st)� ft

!

+ (1� n)'�F;t

 
��F;t � (� + �)�� (y�t � y�t )� �(2�  � �)(�� � 1)�� (st � st)� f �t

!

+ #t

 �
( + �)(2�  � �)�� + (1�  � �)2

�
(st � st)� � [(yt � yt)� (y�t � y�t )]

!
;

(D.9)

where 'H;t, '
�
F;t, and #t are the respective Lagrange multipliers and

ft � ��H;t + �Et�H;t+1 (D.10)

f �t � ���F;t + �Et��F;t+1: (D.11)
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The �rst-order conditions with respect to �H;t, ��F;t, yt, y
�
t , and st are given by

0 =� "

�
�H;t + 'H;t (D.12)

0 =� "

��
��F;t + '�F;t (D.13)

0 =� n(� + �) (yt � yt)� n(� + �)�'H;t � �#t (D.14)

0 =� (1� n)(� + �) (y�t � y�t )� (1� n)(� + �)��'�F;t + �#t (D.15)

0 =n(2�  � �)
�� � 1
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�
( + �)(2�  � �)�� + (1�  � �)2

�
(st � st)

+ n(2�  � �)(�� � 1)(�'H;t � ��'�F;t)

+
�
( + �)(2�  � �)�� + (1�  � �)2

�
#t: (D.16)

Combining the �rst-order conditions to eliminate the Lagrange multipliers and using the

gap version of (29) to eliminate the terms-of-trade gap yields the following two targeting

rules:

0 = (yt � yt) + "�H;t (D.17)

0 = (y�t � y�t ) + "��F;t: (D.18)
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D.2 Monetary union907

Commitment Under commitment, the Lagrangian is given by

L =UCCEt
1X
t=0

�t
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2
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�
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�#
; (D.19)
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where 'H;t, '
�
F;t, #t, and  t are the respective Lagrange multipliers. The �rst-order

conditions with respect to �H;t, ��F;t, yt, y
�
t , and st are given by

0 =� n
"

�
�H;t + n'H;t � n'H;t�1 +  t (D.20)

0 =� (1� n)
"

��
��F;t + (1� n)'�F;t � (1� n)'�F;t�1 �  t (D.21)

0 =� n(� + �) (yt � yt)� n(� + �)�'H;t � �#t (D.22)

0 =� (1� n)(� + �) (y�t � y�t )� (1� n)(� + �)��'�F;t + �#t (D.23)

0 =n(2�  � �)
�� � 1
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�
( + �)(2�  � �)�� + (1�  � �)2

�
(st � st)

+ n(2�  � �)(�� � 1)(�'H;t � ��'�F;t)

+
�
( + �)(2�  � �)�� + (1�  � �)2

�
#t

+  t � � t+1: (D.24)

In the special case in which the degree of price stickiness is equal across countries (� =

��), combining the �rst-order conditions to eliminate the Lagrange multipliers yields the

following targeting rule:

0 =n
�
(yt � yt)�

�
yt�1 � yt�1

��
+ (1� n)

�
(y�t � y�t )�

�
y�t�1 � y�t�1

��
+ "
�
n�H;t + (1� n)��F;t

�
: (D.25)

Discretion Under discretion, and in the special case in which the degree of price

stickiness is equal across countries (� = ��), the terms of trade are independent of mone-

tary policy (recall Proposition 2 in the main text). Therefore, the optimal policy problem

under discretion can be written in terms of a less constrained problem, which can ab-

stract from the terms-of-trade identity (50), and thus does not feature any endogenous
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state variable. As a result, the Lagrangian can be written as follows:

L =� 1
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!
;

(D.26)

where 'H;t, '
�
F;t, and #t are the respective Lagrange multipliers, and ft and f

�
t are terms

which are taken as given (as speci�ed in the main text). The �rst-order conditions with

respect to �H;t, ��F;t, yt, and y
�
t are given by

0 =� n
"

�
�H;t + n'H;t +  t (D.27)

0 =� (1� n)
"

��
��F;t + (1� n)'�F;t �  t (D.28)

0 =� n(� + �) (yt � yt)� n(� + �)�'H;t � �#t (D.29)

0 =� (1� n)(� + �) (y�t � y�t )� (1� n)(� + �)��'�F;t + �#t: (D.30)

Note that we do not derive the �rst-order condition with respect to st as this variable can-908

not be in�uenced by monetary policy. Combining the �rst-order conditions to eliminate909

the Lagrange multipliers yields the following targeting rule:910

0 = n (yt � yt) + (1� n) (y�t � y�t ) + "
�
n�H;t + (1� n)��F;t

�
: (D.31)
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