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2 1 Introduction

1 Introduction

When do countries benefit from forming a monetary union? This question is at least
as old as the Optimum Currency Area (OCA) literature initiated by Mundell| (1961).
One of the key insights of this literature is that for asymmetric countries to benefit
from forming a monetary union, prices and wages have to be flexible and produc-
tion factors have to be mobile. More recently, the New Keynesian literature, by using
dynamic stochastic general equilibrium (DSGE) models, has come to the consensus
that, from the perspective of macroeconomic stabilization, forming a monetary union
makes countries generally worse off in terms of welfareﬂ This is because countries re-
linquish one of their most important policy instruments for macroeconomic stabiliza-
tion, namely the short-term nominal interest rate controlled by their national central
bank.

However, this consensus is based on the assumption that the central bank conducts
monetary policy optimally. While constituting a very useful theoretical benchmark
from a normative perspective, the assumption of optimal monetary policy entails at
least two important disadvantages in the OCA context. On the one hand, it is widely
acknowledged that optimal monetary policy typically involves severe practical limita-
tions, in particular very demanding information requirements. For example, the cen-
tral bank needs to be able to observe the households” welfare function or the flexible-
price equilibrium of the economy, i.e., the equilibrium that would prevail under com-
pletely flexible pric:es On the other hand, the assumption of optimal monetary policy
precludes the possibility to assess if and how the welfare performance of a monetary
union depends on the way monetary policy is conducted, since deviations from opti-
mality are ruled out by assumption. Thus, it seems at least debatable whether optimal
monetary policy is the best modeling choice when one wants to know the conditions
under which countries benefit from forming a monetary union

In light of these two disadvantages, I take a different approach in this paper by
assuming that monetary policy follows Taylor-type interest rate rules, according to
which it responds only to observable variables, such as inflation or output. By being
able to vary the coefficients that determine the response of monetary policy to the
respective variables, these interest rate rules are general enough to allow for a great
flexibility in specifying the behavior of monetary policy. For example, how aggressive
is monetary policy in its response to inflation? Does it respond to output? If so, how
strongly? Or does monetary policy smooth interest rates and to what extent? In this
sense, the way monetary policy is conducted can be viewed just as any other country
characteristic, such as its size or the degree of price stickiness in its economy. It is then
possible to assess if and how the welfare performance of a monetary union depends on
the behavior of monetary policy—something that is not possible under the assump-
tion of optimal monetary policy. As it turns out, the behavior of monetary policy is
absolutely critical for the welfare performance of a monetary union.

Given this different approach, the main finding of this paper is as follows: In the
standard two-country New Keynesian DSGE model, in which monetary policy fol-

1Gee surveys by |Corsetti| (2008), [Dellas and Tavlas|(2009), and Beetsma and Giuliodori (2010).

2For more practical shortcomings of optimal monetary policy, see Gali (2008, Ch. 4.3.2).

3In my view, this doubt is supported by |Adao, Correia, and Teles (2009), who conclude that “every
currency area is an optimal currency area”, after having shown that the exchange rate regime is irrelevant
for stabilization policy if optimal monetary policy is complemented by optimal fiscal policy.
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lows interest rate rules, countries may gain in welfare by forming a monetary union.
The gain in welfare comes from a higher stability of inflation rates, which outweighs
the costs of higher output-gap and terms-of-trade-gap instability. Whether countries
gain in welfare depends strongly on the degree of price stickiness. When prices are
relatively sticky, countries are better off forming a monetary union; when prices are
relatively flexible, countries are better off maintaining a flexible exchange rate.

Two effects are responsible for this higher stability of inflation rates. First, the benefit
of maintaining a flexible exchange rate diminishes as prices become stickier, since the
nominal exchange rate inherits the stickiness of goods prices. As a result, an increas-
ing degree of price stickiness reduces the effectiveness of the nominal exchange rate
as a stabilization mechanism. Second, forming a monetary union entails an inherent
benefitﬁ Since the nominal exchange rate is fixed, the terms of trade and, therefore, the
inflation rates display an inertial or history-dependent behavior. This history depen-
dence has the advantage of affecting the inflation expectations of price setters in such a
way as to lower the responsiveness of inflation to changing economic conditions. The
higher the degree of price stickiness is, the stronger this effect is. As a result, inflation
rates are more stable in a monetary union.

This second effect corresponds to an effect that is well-known from the analysis of
optimal monetary policy in a closed economy. There, optimal monetary policy under
discretion is inferior to optimal monetary policy under commitment because the former
does not influence the inflation expectations of price setters in a favorable way. It suf-
fers from the so-called stabilization bias. In contrast, optimal monetary policy under
commitment induces history dependence into the economy and, therefore, exploits
the fact that price setters are forward-looking. The intuition in this paper is completely
analogous. Forming a monetary union may be superior to maintaining a flexible ex-
change rate because fixing the exchange rate induces history dependence.

This benefit, which manifests itself in a higher stability of inflation rates and which
is related to the stabilization bias, obtains in addition to the benefit of eliminating a
potential inflation bias, which is stressed by Alesina and Barro| (2002) and |Cooley and
Quadrini (2003)E| Whereas the latter benefit has been acknowledged in the literature
(e.g., Dellas and Tavlas| 2009; Beetsma and Giuliodori, [2010), the former still seems to
be unknown.

It is important to realize that both effects described above are endogenous to the
model. The first effect is due to the presence of the uncovered interest parity condition
on the one hand and monetary policy following Taylor-type interest rate rules on the
other handﬁ The second effect is due to the fact that price setters are forward-looking
in the presence of nominal price rigidities. All these features belong to the core of new
open economy macroeconomics (NOEM) models and, therefore, are present also in
many medium-to-large-scale models that are built around this coreﬂ

Another important finding of this paper is that whether forming a monetary union
is beneficial or not depends heavily on the way monetary policy is conducted. When

4“Inherent” refers to the fact that the benefit is not modeled explicitly, like a reduction in transaction
costs, but emerges from within the model.

SGiavazzi and Pagano|(1988)’s “advantage of tying one’s hands” follows the same logic, although they
refer to the former European Monetary System (1979-1999).

®Notably, the uncovered interest parity condition need not hold exactly for this effect to exist. It suffices
for the interest rates and the nominal exchange rate to be linked.

’The introduction of nominal price rigidities in the spirit of Calvo| (1983) into NOEM models goes back
to|Kollmann| (2001), (Gali and Monacelli| (2005), and |Clarida, Gali, and Gertler|(2002).
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monetary policy responds to inflation aggressively or when it implements a high de-
gree of interest rate smoothing, then maintaining a flexible exchange rate is superior.
Thus, it is the quality of monetary policy that is crucial for the welfare ranking between
the monetary union and the flexible exchange rate regime. Since monetary policy is
more powerful under the flexible exchange rate regime, it is also more harmful when
not conducted properly. This is because the quality of monetary policy is reinforced
by the nominal exchange rate. In this sense, a monetary union provides a hedging
mechanism against monetary policy mistakes.

Clearly, the finding that countries benefit from forming a monetary union when
prices are relatively sticky but not when prices are relatively flexible stands in con-
trast to the predictions of the traditional OCA theory. Probably the most important
reason for this discrepancy is the fact that expectations are treated as endogenous in
New Keynesian models, unlike in the theoretical framework of the traditional OCA
literature, in which expectations are treated as exogenous. Since the inherent benefit
of monetary unions works through expectations, this channel is naturally missing in
models without such an expectational feedback mechanismﬂ

This paper is related along several dimensions to the New Keynesian literature
that analyzes the conditions under which countries benefit from forming a monetary
union. In this literature, only a few studies have considered an environment without
optimal monetary policy: Devereux|(2004), Dellas and Tavlas (2005), Dellas (2006), and
Ferreira-Lopes| (2010). The models used in these studies, as well as their findings are,
on the one hand, quite diverse. On the other hand, none of these studies addresses the
inherent benefit of monetary unions, the role of the degree of price stickiness, nor the
closely related issue of the inherited stickiness of the exchange rate, all of which are
crucial for the welfare ranking between the monetary union and the flexible exchange
rate regime.

Several studies have introduced explicit benefits of monetary unions to create a
counterpart to the cost of giving up national monetary policy as a stabilization de-
vice. Such explicit benefits of monetary unions include the elimination of shocks to
the uncovered interest parity condition (Kollmann| 2004), the gain in potential output
(Ca’Zorzi, De Santis, and Zampolli, |2005), the gain in central bank credibility (Clerc,
Dellas, and Loisel, 2011), and the possibility of higher consumption risk sharing across
countries (Ching and Devereux, 2003). In contrast, no explicit benefits are introduced
into the model employed in this paper. The benefit of stabilizing inflation expectations
is inherent to monetary unions as a result of a fixed nominal exchange rate.

This paper is also related to Monacelli (2004)ﬂ Among other things, he finds that in
a small open economy a fixed exchange rate regime induces inertia into the economy.
On the one hand, I show that this benefit carries over to a two-country environment

8Gee King| (1993) for a critical assessment of the Old-Keynesian, IS-LM models with respect to their treat-
ment of expectations.

9For a small open economy, a fixed exchange rate regime may dominate a flexible exchange rate regime
with optimal monetary policy under discretion. A flexible exchange rate regime with optimal monetary
policy under commitment, however, always dominates the other two regimes. Comparing the same
three regimes, Soffritti and Zanetti| (2008) come to a different conclusion, namely that a fixed exchange
rate regime fares worse than the two flexible exchange rate regimes. One possible explanation for the
different finding could be the different weight attached to the output-gap variance relative to the weight
attached to the inflation variance in the welfare loss function, which is ad hoc in both studies. Another
explanation could be the different assumption about whether the rest of the world is also subject to
shocks or not.
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and is inherent to monetary union regimes as wellm On the other hand, I show that
it does not hinge upon the stationarity of the price level, as stressed by Monacelli
(2004). Stationarity of the price level is a special feature of the small open economy
environment and does not carry over to a two-country setting employed here. Also,
Monacelli (2004) does not address the role of the degree of price stickiness, the related
issue of the inherited stickiness of the exchange rate, nor the role of monetary policy.

The rest of this paper is organized as follows. Section [2] outlines briefly the structure
of the model. Section 3| provides important analytical results in the case of symmetric
countries and presents the welfare results graphically. Section ] presents the results in
the case of asymmetric countries. Section |5 relates the results to the traditional OCA
theory. Section 6| concludes.

2 Model

The model I use is a completely standard two-country New Keynesian DSGE model
and thus I keep the description very brief. It features two international monetary
regimes:

1. A monetary union (MU) regime: Both countries share the same currency. A com-
mon monetary policy governs the common nominal interest.

2. A flexible exchange rate (FX) regime: Each country maintains its national cur-
rency and conducts its own, independent monetary policy. Nominal interest
rates are country-specific. The nominal exchange rate between the two curren-
cies is flexible.

The model is described in detail in Benigno| (2004) and in Benigno and Benigno
(2008) and it includes a microfounded, linear-quadratic welfare measure. Under both
regimes, the model economy features two countries with trade in consumption goods
(as opposed to trade in intermediate goods). Consumption preferences are of the
Cobb-Douglas type and are, in addition, identical across countries, i.e., there is no
home bias in consumption. These preferences imply that risk sharing is perfect in the
sense that consumption is equal across countries at all times. Purchasing power parity
holds, i.e., the real exchange rate is constant. While these assumptions are clearly re-
strictive, they greatly simplify the analysis, and relaxing them to allow for a home bias
in consumption (i.e., no purchasing power parity and a variable real exchange rate)
does not alter the findings significantly. The only factor of production is labor, which
is immobile between countries. The only rigidity is the nominal price rigidity in the
spirit of |Calvo, (1983).

Under the FX regime, prices are set in the currency of the producer’s country (“pro-
ducer currency pricing”), i.e., the producer does not discriminate the price between
countries. The nominal exchange rate converts the price into foreign currency, i.e., the
law of one price holds and exchange rate pass-through is complete. Given the same
consumption preferences as under the MU regime, purchasing power parity holds as
well. The nominal exchange rate is determined by the uncovered interest parity.

10Tn general, fixed exchange rate regimes and monetary union regimes do not coincide. This depends on
how the fixed exchange rate regime is implemented.
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In both regimes, monetary policy is conducted via Taylor-type interest rate rules.
Importantly, I assume that monetary policy is not able to observe the flexible-price
equilibrium of the economy, in particular the flexible-price interest rate and flexible-
price output. Thus, monetary policy reacts to inflation and to output (deviation from
the steady state), not to the output gap (deviation from flexible-price output). The only
shocks considered are country-specific productivity shocks. However, the findings are

robust with respect to other shocks, such as government-spending shocks or cost-push
shocks[M]

2.1 Model equations

The equations of the complete log-linearized model are displayed below (for the full
derivation, see Appendices Bland . Deviations of the logarithm of a variable X; from
its steady state are denoted by X; under flexible prices and by X; under sticky prices
Variables and parameters are defined in Table [I|and Table 2, respectively.

Ct  Consumption (identical across countries)

Y!  Output of country i = H, F

Y}!Y  World output (weighted average of country-specific output)
Producer price inflation in country i = H, F

/' World inflation (weighted average of country-specific inflation)
7} Inflation differential between the two countries 7} — 7/

Ri  Nominal interest rate in country i = H, F

Ry Nominal interest rate in monetary union

Ty  Terms of trade

St Nominal exchange rate

Y;  Productivity shock in country i = H, F
v;  White noise process in country i = H, F

Table 1: Variables

n fact, under cost-push shocks the case for a monetary union becomes even stronger.
12Notation is adopted from Benigno (2004).
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Inverse of elasticity of intertemporal substitution in consumption
Country size measured by population

Discount factor

Inverse of elasticity of producing the differentiated good
Elasticity of substitution between differentiated goods
Probability of not being able to reset the price in country i = H, F
Inflation coefficient in interest rate rule

Output coefficient in interest rate rule

Interest rate smoothing coefficient in interest rate rule
Persistence of productivity shock in country i = H, F

ki = (1-a'B)(1-a') p+n

ol _14om
(i _ (=alB)(1-a) 1y
T ot 1+O'T1

Table 2: Parameters

2.1.1 Flexible-price equilibrium under both regimes

Under completely flexible prices, the model equations are identical for both the FX
and MU regime and are given by

G=-1y)

p+m
- n =R
Ty = —
t 1+77 t
T

P+
Y =¥l +(1-n)Y,
Y=Y -V,

Y, =Y, 1+ Vi,

withi = H, F.

2.1.2 Sticky-price equilibrium under the MU regime

Under sticky prices, the model equations for the MU regime are given by

A A 1 4
EiCiy1 =Cr + E(Rt — EvfYy)

YH = (1— )+ G

YtF = —nT; + C’t

mfl = (1 — )k (T, — Ty) + kE(C: — C) + BEifL,
nf = —nki(Ty — ) + kE(Cr — Cb) + BErml 4
Ti=T1+nf —nf

Rt = orRi 1+ (1= dr) (0r” + VYY)

N =nmfl + (1 —n)nf.

2.1)
(2.2)
(2.3)

(2.4)
(2.5)
(2.6)

(2.7)

(2.8)

(2.9)
(2.10)
(2.11)
(2.12)
(2.13)
(2.14)
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2.1.3 Sticky-price equilibrium under the FX regime

The model equations for the FX regime are given by

EiCiq1 =Ci + % (n(fz? —Efl )+ (1 —n)(Rf — Etnfﬂ)) (2.15)
YE=01-nT+¢ (2.16)
YE = —nTy + & (2.17)
= (1 - )k (T — Tp) + k& (& — Cb) + BEimlL, (2.18)
nf = —nkh(Ty — Tt) + kE(Ce — Cb) + BEmf 4 (2.19)
Ty =T 1+ af —al +AS, (2.20)
E;AS, 1 =RHE —Rf (2.21)
R = ¢rR{Ly + (1= dr) (Parf’ + Dy V) (2.22)
Rf = ¢rR{_1 + (1= ¢r)(drrf + &y Y]). (2.23)

2.2 Model description

Consumption is equal across countries at all times and is described by only one Eu-
ler equation, equation under the MU regime and equation under the FX
regime. The only difference between the two Euler equations is that under the MU
regime the nominal interest rate is common to both countries. The structure of aggre-
gate demand is the same under both regimes and given by equations (2.8), (2.9), (2.16),
and (2.17). Also, the country-specific New Keynesian Phillips curves are the same un-
der both regimes and are given by (2.10), 2.11), (2.18), and (2.19). In contrast to a
closed-economy framework, not only the consumption gap but also the terms of trade
gap (difference between sticky-price and flexible-price terms of trade) matters for pro-
ducer price inﬂation@ The terms-of-trade identity is given by under the MU
regime and by under the FX regime, the difference between the two being the
presence of the nominal exchange rate in the latter. Equation (2.21) is the uncovered in-
terest parity condition. The expected change in the nominal exchange rate corresponds
to the interest rate differential across countries. Finally, monetary policy is conducted
via Taylor-type interest rate rules, given by equation under the MU regime and
by equations and under the FX regime.

Under flexible prices, prices are set as a markup over marginal costs, monetary pol-
icy is neutral, and consumption, output, and the terms of trade are driven by pro-
ductivity shocks only, given by equations 2.1), (2.2), and (2.3). Since money is neutral
under flexible prices, the international monetary regime does not affect real variables,
which therefore behave identically under both monetary regimes.

2.3 Welfare loss function

The welfare analysis follows the logic of the familiar linear-quadratic approach, ac-
cording to which the log-linear model equations are used to evaluate a quadratic wel-
tare loss measure (Woodford, 2003). The world welfare loss function is given by the

13Note that the consumption gap is equal to the world output gap: C; — C; = ¥}V — Y}V. Accordingly, the
New Keynesian Phillips curves can be expressed in terms of the world output gap as well.
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discounted value of a weighted average across countries of the average utility flow
of agents using a second-order Taylor series expansion Throughout the paper, it is
assumed that the distortion induced by monopolistic competition is completely offset
by an appropriate subsidy (see Appendix|Djfor the full derivation). Thus,

Wy = ! ((p +n)var(Cr — Ci) + (1 + n)n(1 —n)var(T; — T)

2
+o(1+on)n = “ch(l —alip) var mH
F
+o(1+on)(1—n) 1- ch)ozl —afB) v ﬂtp>
+tip. +O(|&]]). .

As in the closed economy, the welfare loss depends on the inflation rate and the
. 15 e

consumption gap In the open economy, the welfare loss depends additionally on
the terms of trade gap. Intuitively, when the terms of trade deviate from the terms of
trade that would prevail under flexible prices, the resulting allocation of production
across countries is inefficient due to the presence of price stickiness.

In the special case when prices are equally rigid in both countries (aff = af = «),
the welfare loss function simplifies to

W, = —% <(p + ) var(Ci— Co) + (1 + mn(1 — n) var(fi — )

(04
(1-a)(1—ap
+ ti.p. +O(JE]?). (2.25)

+o(l+on) ] [Var 7V +n(1 —n)var nf{})

2.4 Calibration

The values for the baseline calibration are taken from Benigno (2004), except for the
interest rate rule coefficients (Table[3). A value of 0.99 for the discount factor 3 implies
a steady state real interest rate of around 4.1 percent annually. A value of 7.66 for the
elasticity of substitution between differentiated goods o implies a steady state markup
of prices over marginal costs of 15 percent. A value of 0.75 for the probability of not
being able to reset the price & implies an average duration of price contracts of 4
quarters. Following Rotemberg and Woodford, (1998) and Benigno| (2004), the inverse
of the elasticity of producing the differentiated good 1 is calculated as

4Computing country-specific welfare would complicate the calculations significantly because more ac-
curate approximations of the non-linear model equations would be necessary (Benigno and Woodford,
2005). This is beyond the scope of this paper.

15Tn the basic closed-economy framework, consumption usually equals output. Note also that the welfare
loss function can be expressed alternatively in terms of the world output gap or the country-
specific output gaps (see equation|D.72). The specification in terms of the consumption gap was chosen
for analytical convenience.
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where €y, denotes the elasticity of the average real wage with respect to production
and y denotes the labor income share.

S ®™I O

m

wy
Y
o

o
(o
by
R
Pi
varv;
corr(vEH, vl)

i

1/6
0.5
0.99
0.67
0.5
0.75
7.66
0.75
1.5
0

0
0.9
1

0

Inv. of elasticity of intertemporal substitution in consumption
Country size measured by population

Discount factor

Inv. of elasticity of producing the differentiated good
Production elasticity of average real wage

Labor income share

Elasticity of substitution between differentiated goods
Probability of not being able to reset the price

Inflation coefficient in interest rate rule

Output coefficient in interest rate rule

Interest rate smoothing coefficient in interest rate rule
Persistence of productivity shock

Variance of white noise process

Correlation between country-specific white noise processes

Table 3: Baseline calibration

Under the baseline calibration, monetary policy responds to inflation (¢, = 1.5),
but it does not react to output (¢y = 0) and does not engage in interest rate smoothing
(pr = 0). I assume throughout the paper that all interest rate rule coefficients are
identical across countries and regimes.

I consider a broad range of values for the parameters of the model to check for the
validity of the results (Table ). In particular, the interest rate rules will also feature a
reaction to output and interest rate smoothing.

p  [0.1,1.1]

n  [0.05,0.95]
B [09,1.0]

n [0.2,3.0]
ewy [0.2,1.2]

v [05,09]

o [5,25]

o [0.05,0.95]
or [1.1,3.5]
¢y [0,3]

¢r  [0,0.95]

Inv. of elasticity of intertemporal substitution in consumption
Country size measured by population

Discount factor

Inv. of elasticity of producing the differentiated good
Production elasticity of average real wage

Labor income share

Elasticity of substitution between differentiated goods
Probability of not being able to reset the price
Inflation coefficient in interest rate rule

Output coefficient in interest rate rule

Interest rate smoothing coefficient in interest rate rule

Table 4: Parameter range

3 Results under symmetry

First, I conduct the analysis under the assumption that the two countries are sym-
metric (except for country size n). In particular, the degree of price stickiness is equal
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across countries. The world welfare loss function under symmetry, equation (2.25), is
repeated here for convenience:

W = —% <(p +n)var(C; — C) + (1 + n)n(1 —n) var(T; — Ty)

+o(l+on)

iz oc)‘(xl —p) [Var 7V +n(1 —n)var nf})

+ ti.p. +O(JE]?). (3.1)

It contains four components: the variance of the consumption gap (Ct — Ct), the
variance of the terms of trade gap (T; — T;), the variance of the world inflation rate
(7}V), and the variance of the inflation differential (7).

3.1 Analytical results

The analytical results in this subsection are crucial to understanding the main finding
of the paper. I derive the recursive law of motion (RLOM) of the model equations for
each monetary regime using the method of undetermined coefficients to obtain the
analytical expressions for the variances contained in the welfare loss function. The
derivations are based on the assumption that the degree of price stickiness and the
persistence of productivity shocks are identical across countries («f! = of and py =
pr) and that monetary policy does not engage in interest rate smoothing (¢r = 0).

Fortunately, it is not necessary to derive the RLOM for the variables consumption
and world inflation, since they both behave identically across monetary regimes. To
see this for the MU regime, substitute out the nominal interest rate R; in the Euler
equation by inserting the interest rate rule and the equations for aggregate

demand (2.8) and (2.9):
pECri1 = (p+ ¢y)Ci+ dam)’ — )Y (3.2)

The same equation is obtained completely analogously for the FX regime.

For world inflation, inserting the New Keynesian Phillips curves, which are identical
across regimes, into the definition of world inflation 7rtW = nntH +(1— n)ﬂf , where

afl = af = a due to symmetry and therefore kY = k% = ky and kB = kL = k¢, yields

m" =ke(Ci — Ci) + BEimY,. (3.3)

The reason why world inflation is the same under both the MU and the FX regimes
is that the terms of trade vanish from the equation when the degree of price stickiness
is equal across countries. The fact that both consumption and world inflation behave
identically across monetary regimes implies that the variance of consumption and the
variance of world inflation are identical as well. As a result, they do not produce dif-
ferences in welfare across the two regimes.
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For the remaining two variables, the terms of trade and the inflation differential, the
reduced system of equations under the MU regime is given by

R = —kp(Ty — Ty) + BEiR 4 (3.4)
Tt = Tt—l + 7'(?. (3.5)

The reduced system of equations under the FX regime is given by

il = —kr(Ti — Tp) + BErmR,4 (3.6)
Ty = T_1 4+ 7l + AS; (3.7)
EiASi1 = —nmf + oy T (3.8)

Equations and are obtained by subtracting the New Keynesian Phillips
curve of country H from that of country F. Equations and are the terms-
of-trade identities. Equation is obtained by inserting the interest rate rules
and and the equations for aggregate demand and into the uncovered
interest parity condition (2.21)).

The RLOM under the MU regime is, then, given by (see Appendix |A|for the entire
derivation)

Ti=t0Tia+al (3.9)
mf =by Ty 1+ T, (3.10)

with coefficients

_ 14k +B— (A +kr+B8)2 48

= T

_l+kr—B— /(L +kr+p)*—4B
2

by

by

c= kr
1+kr+B(1—pg—b1)

€1 =0 =

The RLOM under the FX regime is given by

Ti =0T + T (3.11)
7'[,3Q = bZTt—l + Cth (3.12)

Aét = b3Tt_1 -+ Cth, (3.13)
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with coefficients

b =0

b, =0

by = —1

¢ = (b — pr)kT

(n — pr)kr + (1 — pg + ¢y)(1 — Bey)
(1 —pu + ¢y)kr

(bx — pu)kr + (1 — py + ¢y)(1 — Ben)
((1571 o (PY)kT

(¢n — pr)kr + (1 — pu + dy)(1 — Bon)’

Cy =

C3 =

Consequently, the variances of the terms of trade gap and the variances of the infla-
tion differential under each regime are given by

A ~ (1 + prl)Cz 2c ~
Ty —1Tt) = — +1 T; 3.14
varpu (Te — Tr) [(1 "1 —pby) 1 pabr var T; (3.14)
varpx(Ty — Ti) = (cp — 1)?var T} (3.15)
2¢2(1 — pp) L
R H
aryy = ar T, 3.16
varmu 7t (1+b1)(1—pr1)V t ( )
vargy 7rtR = C% var T; (3.17)
F 1 n \? H F H | F
Ty = + -2 S Vi) |- 3.18
var Ty = — z (1 n 77) [Var v{' + var vy cov(vy', vy )} (3.18)

Two important differences exist between the MU and FX regime. First, in contrast to
the MU regime, there is no persistence in the terms of trade nor in the inflation differ-
ential under the FX regime (b; = by = 0). Hence, once the shock has vanished, both
variables return immediately to their steady state. This is due to the nominal exchange
rate. Intuitively, the coefficient b3 = —1 implies that, if the terms of trade were, for
example, one percent below the steady state in the previous period, the nominal ex-
change rate would increase by one percent in the current period, so that the terms of
trade are at steady state. Naturally, this mechanism is absent under the MU regime,
since the nominal exchange rate is fixed. Thus, both the terms of trade and the infla-
tion differential are inertial or history-dependent in the sense that they depend on the
realization of the terms of trade in the previous period. While the inertia of the terms
of trade in the context of a monetary union has been recognized before (e.g., Benigno),
2004; Pappa, [2004), it was regarded solely as an additional distortion in the economy.
However, as will be shown below, the inertia of the terms of trade will also prove to
be beneficial, namely from the perspective of stabilizing inflation expectations.

Second, in contrast to the MU regime, monetary policy is able to influence the terms
of trade gap and the inflation differential under the FX regime, i.e., monetary policy
is more powerful under the FX regime. Technically, the variance of the terms of trade
gap and of the inflation differential depend on the interest rate rule coefficients ¢,
and ¢y. Moreover, if monetary policy is extremely aggressive towards inflation under
the FX regime (¢, — 00), the variance of the terms of trade gap and of the inflation
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differential converge towards zero (since c; — 1 and c; — 0). Thus, the efficient
equilibrium can be approximated arbitrarily well, reducing the welfare loss to zero. In
contrast, the variance of the terms of trade gap and of the inflation differential under
the MU regime cannot be zero, and therefore the efficient equilibrium is not feasible@

3.2 Price stickiness

The analytical expressions for the variances can be used to derive the condition under
which world welfare is larger in one or the other monetary regime. Unfortunately,
the resulting condition is a complex inequality that provides hardly any intuition. In
the following, I thus compute the welfare losses numerically and display the results
graphically. The deep parameters are calibrated according to the baseline calibration
(Table , except for the parameters of interest, which take on a broad range of values
(Table ).

Whether the world welfare loss is higher in one than in the other monetary regime
depends crucially on the Calvo parameter «, i.e., the degree of price stickiness in both
economies (Figure[I). In both regimes, the world welfare loss is increasing in the de-
gree of price stickinessm When the degree of price stickiness is rather low, the world
welfare loss is higher under the MU regime than under the FX regime. The countries
are better off with their own currency and their own independent monetary policy.
However, beyond a certain threshold (« ~ 0.5), where the degree of price stickiness is
rather high, the world welfare loss is higher under the FX regime than under the MU
regime. The countries are better off forming a monetary union with one currency and
one common monetary authority. Quantitatively, the difference in welfare between
the two monetary regimes can be substantial. Under the baseline calibration, the wel-
fare loss under the MU regime is roughly 40 percent lower than under the FX regime
(0.8/1.3).

As described above, two components of the world welfare loss function behave
identically across monetary regimes and, therefore, cannot create welfare differences
across regimes: the consumption gap and the world inflation rate (Figure 2, upper
and lower left panel). However, this does not hold for the terms of trade gap and the
inflation differential (Figure [2, upper and lower right panel). The contribution of the
terms of trade gap to the world welfare loss is higher under the MU regime than under
the FX regime regardless of the degree of price stickinessm This indicates that the
MU regime entails costs. However, the contribution of the terms of trade gap is much
smaller than the contribution of the inflation differential. This is due to the fact that
agents attach by far the highest weight to inflation, which is traditionally the case in
microfounded welfare measures derived from New Keynesian models. Therefore, the
inflation differential is the key to understanding the above finding that the MU regime
yields higher world welfare when prices are relatively sticky. In fact, the pattern in the
lower right panel of Figure [2| closely resembles the pattern in Figure [I} with a similar
threshold value of a ~ 0.5. This indicates that the MU regime entails benefits.

16Thus, only the FX regime features the so-called divine coincidence (see |Corsetti, Dedola, and Leduc
(2011) for details on the divine coincidence in open economies).

17This feature is common to the closed-economy setup of the basic New Keynesian model, as in Gali
(2008).

18 This holds for the contribution of the country-specific output gaps as well. The corresponding graphs
are available upon request.
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Figure 2: Contributions to world welfare loss in Figure

The contribution of a component to the world welfare loss is the product of the
variance of that component and its weight. The weight and variance of the inflation
differential show opposite patterns with respect to price stickiness. Whereas the vari-
ance decreases with a rising degree of price stickiness (Figure 3), the weight increases
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(Figure [). Thus, although the variance decreases with the degree of price stickiness,
which per se enhances the agents” welfare, the agents attach a higher weight to infla-
tion as prices become stickier@
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Figure 3: Variances underlying the contributions in Figure

Since the weight of the inflation differential is identical across the two monetary
regimes (this holds for all components), it is the variance that causes the difference
in welfare. Whereas the variance of the inflation differential is higher under the MU
regime for lower degrees of price stickiness, it is higher under the FX regime for higher
degrees of price stickiness. That is, inflation rates are more stable under the MU regime
when prices are relatively sticky.

The inflation differential in period t can be expressed as the sum of current and
discounted expected future terms of trade gaps. Solving equation forward, which
holds under both regimes, gives

o0
R = —krEe Y B (Trpr — Tran). (3.19)
k=0

Accordingly, current and expected future terms of trade gaps are the only determi-
nant for the current inflation differential. As shown next, two endogenous effects that
both influence the terms of trade gap explain why inflation rates are more stable un-
der the MU regime when prices are relatively sticky. First, the stabilizing property of a
flexible nominal exchange rate declines as prices become stickier (“inherited stickiness
of the nominal exchange rate”). Second, fixing the exchange rate entails the benefit of

19The agents attach a higher weight to inflation as prices become stickier because the degree of inefficient
price dispersion between differentiated goods is increasing in the degree of price stickiness for a given
level of aggregate inflation (Woodford), 2003).
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Figure 4: Weights underlying the contributions in Figure

affecting inflation expectations in a favorable way by inducing history dependence
into the economy (“inherent benefit of monetary unions”).

3.2.1 Inherited stickiness of the nominal exchange rate

Whether the nominal exchange rate stabilizes or destabilizes the terms of trade gap,
thereby facilitating an efficient allocation across countries, depends on the way mone-
tary policy is conducted. Recall the recursive law of motion for the nominal exchange

rate, (3.13): 3
ASt = b3Ti1 +c3Ty,

with
(‘Pﬂ -1- qu)kT
(b —pu)kr + (1 —pg + ¢y)(1 — Boy)

Under the baseline calibration, where monetary policy reacts to inflation, but not
to output (¢y = 0), the coefficient c3 is unambiguously positive (since ¢, > 1) and
smaller than one. Accordingly, in response to a shock that leads to an increase in the
flexible-price terms of trade, the nominal exchange rate will increase as well, pushing
up the sticky-price terms of trade closer to the flexible-price terms of trade. Thus, the
nominal exchange rate helps stabilize the terms of trade gap.

However, the stabilizing effect of the nominal exchange rate weakens as prices be-
come stickier. The size of the response of the nominal exchange rate to a productivity
shock decreases with the degree of price stickiness. Analytically, as the degree of price
stickiness « increases, kT decreases and c3 decreases. In the limit, when prices become
tixed (« — 1), the nominal exchange rate is fixed as well (kt — 0,c3 — 0).

The reason for this is that the expected change in the nominal exchange rate depends
on the interest rate differential across countries according to the uncovered interest

C3 =
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parity condition, (2.21):
E/AS, 1 = RHE —RE.

Interest rates, in turn, are set by monetary policy in response to inflation according to
the interest rate rules. Therefore, an increase in price stickiness, which reduces inflation
variability, reduces interest rate variability and, ultimately, reduces the variability of
the nominal exchange rate.

Thus, the nominal exchange rate inherits the stickiness of goods prices. This, in turn,
hampers the stabilization of the terms of trade gap. Therefore, the stabilizing property
of the nominal exchange rate of facilitating an efficient allocation across countries de-
clines with the degree of price stickiness. Notably, for this effect to be effective, the
uncovered interest parity condition need not hold exactly. It suffices for the interest
rates and the nominal exchange rate to be linked.

3.2.2 Inherent benefit of monetary unions

The fact that the benefit of a flexible nominal exchange rate declines with the degree
of price stickiness cannot alone explain the finding that the MU regime is welfare-
improving over the FX regime. For even under relatively sticky prices, the nominal
exchange rate stabilizes the terms of trade gap at least to some extent compared to
a situation with a completely fixed nominal exchange rate, as under the MU regime.
This is also the reason why the variance of the terms of trade gap is lower under the
FX regime regardless of the degree of price stickiness (Figure 3| upper right panel).
Therefore, the MU regime must also provide a benefit.

The MU regime differs from the FX regime in one important respect, as the analytical
results from Section 3.1/ have shown. In contrast to the FX regime, the economy under
the MU regime is intrinsically inertial. So, even in the presence of a one-off shock, the
inflation differential and the terms of trade gap are persistent. As shown next, this
inertia will result in a higher stability of inflation rates.

The qualitative difference between the two monetary regimes can be seen clearly by
looking at the impulse response of the terms of trade gap to a positive one-off pro-
ductivity shock in country H (Figure @ On impact, the terms of trade gap decreases
under both regimes because the sticky-price terms of trade do not increase as much as
the flexible-price terms of trade due to the stickiness of prices. However, in the follow-
ing period, when the shock has vanished, the terms of trade gap has returned to the
steady state under the FX regime, but not under the MU regime. Under the FX regime,
it is the nominal exchange rate that brings the terms of trade gap automatically back
to the steady state in the absence of shocks@ Under the MU regime, this mechanism
is absent, since the nominal exchange rate is fixed. As a result, the terms of trade gap
is intrinsically inertial or history-dependent.

Importantly, the history dependence of the terms of trade gap manifests itself in
an overshooting pattern. The terms of trade gap overshoots because the sticky-price
terms of trade are still elevated above the steady state after the shock has vanished,

20The degree of price stickiness was chosen to be low (« = 0.2), so as to make the differences in the im-
pulse responses clearly visible. The differences are much smaller for higher degrees of price stickiness,
but are qualitatively the same.

Hinterestingly, this mechanism is independent of the interest rate rule coefficients ¢, and ¢y (recall the
RLOM coefficient by = —1).
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Figure 5: Impulse response of the terms of trade gap to a positive one-off productivity shock
in country H (py = 0), with o« = 0.2

whereas the flexible-price terms of trade are back at the steady state. In subsequent
periods, the terms of trade gap converges back to the steady state.

The qualitative difference in the dynamics between the two monetary regimes pre-
vails in situations in which the productivity shock itself is persistent (Figure [} left
panel)@ Whereas the terms of trade gap converges monotonically back to the steady
state under the FX regime, it overshoots the steady state under the MU regime.

Since the inflation differential is determined by the terms of trade gap and its ex-
pected future path (recall equation [3.19), it exhibits the same qualitative difference.
Accordingly, under the FX regime the inflation differential increases on impact and
converges monotonically back to the steady state (Figure [} right panel). In contrast,
under the MU regime, price setters adjust their prices less in the initial period de-
spite the stronger initial change in the terms of trade gap because they anticipate the
future overshooting of the terms of trade gap. In subsequent periods, inflation ap-
proaches the steady-state faster than under the FX regime and eventually overshoots
the steady state as well@ As a result, the variance of the inflation differential, i.e., the
sum of squared deviations of the inflation differential from zero, is lower under the
MU regime than under the FX regime.

To sum up: Since price setters are forward-looking, not only present, but also ex-
pected future terms of trade gaps matter for current inflation. Since the nominal ex-
change rate is fixed under the MU regime, the terms of trade gap overshoots in re-
sponse to a shock at some point in time, which would then call for the opposite

22The calibration underlying the impulse responses in Figure |§Iis now identical to the calibration under-
lying the welfare results in Figure[] through4}
BThroughout the paper, I use the term “overshooting” to describe both “overshooting” and “undershoot-

”

ing”.
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Figure 6: Impulse responses to a positive productivity shock in country H with py = 0.9 and
a=0.75

price adjustments as in the present. In anticipation of this, current price responses are
smaller in magnitude than under the FX regime. As a result, inflation is more stable
under the MU regime. Thus, the inherent benefit of monetary union is that it affects
inflation expectations in such a way as to lower the welfare-relevant variance of in-
flation by inducing history dependence into the economy. The strength of this benefit
increases as prices become stickier, since price setters attach higher weights to future
terms of trade gaps as the probability of being able to reset prices decreases.

The benefit of history dependence is well-known from the analysis of optimal mon-
etary policy in a closed-economy environment. Optimal monetary policy under discre-
tion is inferior from a welfare perspective to optimal policy under commitment because
the former does not influence the inflation expectations of price setters in a favorable
way. It suffers from the so-called stabilization bias@ In contrast, optimal monetary
policy under commitment induces history dependence into the economy, therefore
taking advantage of the fact that price setters are forward-looking. This results in a
higher stability of inflation. In exactly the same sense, forming a monetary union may
be superior to maintaining a flexible exchange rate under certain conditions because
tixing the nominal exchange rate affects inflation expectations in a favorable way by
inducing history dependence into the economy:.

Notably, this benefit exists despite the fact that price levels are not stationary@
Thus, and in contrast to Monacelli (2004), the benefit does not hinge upon station-
arity of price levels. This is a particular feature of the small open economy assumption
and does not generally carry over to a two-country environment. Instead, the benefit
hinges upon the overshooting pattern of the terms of trade, the anticipation of which
reduces the magnitude of price changes, rendering the inflation rates more stable.

While the inertia of the terms of trade has been recognized before (e.g., Benigno)
2004; Pappa, |2004), it was regarded solely as an additional distortion in the economy,
not as a benefit. The reason for this is the different assumption on monetary policy.
Given that there are as many policy instruments as distortions under the FX regime

2For details on the stabilization bias, see, e.g.,|Woodford| (2003, Ch. 7), Galif (2008, Ch. 5), or|[Walsh| (2010,
Ch. 8).
BImpulse responses for price levels are available upon request.
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but more distortions than policy instruments under the MU regime, monetary policy
is more powerful under the FX regime Under the assumption that monetary policy
is conducted optimally and is equipped with the necessary information, as is the case
in Pappal (2004), it is not surprising that the FX regime is superior, since monetary
policy has the ability to implement the flexible-price allocation, achieving the first-best
solution (divine coincidence). While the beneficial effect of the inertial terms of trade is
also present under these circumstances, it is dwarfed by an ideal monetary policy. By
contrast, when monetary policy is not able to be conducted optimally, e.g., due to the
very demanding information requirements, and instead it resorts to interest rate rules,
as is the case in this paper, its abilities are more limited. Under these circumstances,
the beneficial effect of the inertial terms of trade may be strong enough as to render
the MU regime superior.

The following section elaborates on the importance of monetary policy for the wel-
tare performance of the MU regime.

3.3 Monetary policy

The finding that forming a monetary union is beneficial when prices are relatively
sticky is very robust to the range of parameter values considered in Table @H The
important exception is the parameters that govern the behavior of monetary policy,
i.e., the coefficients of the interest rate rules. These will be considered next. Critically,
such an analysis, in which the welfare performance of a monetary union regime is
analyzed under different monetary policy designs, is not possible under optimal mon-
etary policy—an assumption often made in the strand of the New Keynesian litera-
ture that deals with OCA issues—since deviations from optimality are ruled out by
assumption.

3.3.1 Inflation coefficient

Whether forming a monetary union turns out to be beneficial depends crucially on the
inflation coefficient ¢, in the interest rate rules, i.e., on the aggressiveness of monetary
policy towards inflation (Figure @)@ Starting out at a very low response of monetary
policy to inflation (¢, above, but close to, one), the MU regime yields a lower world
welfare loss for every degree of price stickiness. Increasing the aggressiveness of mon-
etary policy a little bit results in the FX regime being superior for very low degrees of
price stickiness, but inferior for higher degrees of price stickiness. As the aggressive-
ness of monetary policy increases further, the threshold value for « increases, beyond
which the MU regime yields a lower world welfare loss. Eventually, beyond a certain
aggressiveness of monetary policy towards inflation (¢, ~ 2.5), the MU regime is
inferior to the FX regime regardless of the degree of price stickiness.

The intuition for this is as follows. Under the FX regime, when monetary policy
reacts to inflation only, the nominal exchange rate stabilizes the terms of trade gap

26The fact that monetary policy is more powerful under the FX regime is reminiscent of the analytical
results from Section 3.1}

2’The corresponding graphs are available upon request.

28The graph in the right panel of Figure[7is a rotation of the graph in the left panel, in order to be able
to see behind the steep surface area. Cutting through the two surface areas along ¢, = 1.5 produces

Figure[T]
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Figure 7: World welfare loss under various degrees of price stickiness (a!! = af) and various

values for the inflation coefficient (¢), from two different angles

in response to shocks (see Section [3.2.1). The strength of this stabilizing property in-
creases with the aggressiveness of monetary policy towards inflation, since monetary
policy directly influences the nominal exchange rate via the uncovered interest par-
ity condition. As a result, even when prices are relatively sticky, monetary policy can
counteract by being more aggressive towards inflation. In the limit (¢, — c0), mone-
tary policy perfectly stabilizes all welfare-relevant variables, reducing the welfare loss
to zero (divine coincidence). This is not the case under the MU regime because the
common monetary policy has no influence on the terms of trade gap and the inflation
differential when prices are equally sticky across countries (see Section3.T).

3.3.2 Output coefficient

The welfare ranking between the two monetary regimes depends also on the output
coefficient in the interest rate rules ¢y, i.e., on the aggressiveness of monetary policy
towards output (Figure [8). For almost all the combinations of ¢y and ¢, considered,
the FX regime yields a higher world welfare loss than the MU regime, although the
degree of price stickiness was deliberately chosen to favor the FX regime (a = 0.2). In-
creasing the degree of price stickiness would favor the MU regime further. In general,
the stronger monetary policy reacts to output, the stronger it needs to react to inflation
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for the FX regime to remain superior. This relationship is very steep; a small increase
in ¢y (e.g. from 0 to 0.25) requires a strong increase in ¢ (from roughly 1.5 to 2.3).
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Figure 8: World welfare loss under various values for the output coefficient (¢y) and for the
inflation coefficient (¢,), with & = 0.2, from two different angles

Unlike in the case of the response to inflation, the more aggressive monetary pol-
icy reacts to output, the smaller the impact response of the nominal exchange rate to
shocks becomes (see coefficient c3 of the RLOM). When the aggressiveness of mone-
tary policy towards output relative to inflation exceeds a certain degree (¢y > ¢ — 1),
the nominal exchange rate destabilizes the terms of trade gap in response to shocks
(c3 <0).

The reason for this is that from a welfare perspective, a response to output by mone-
tary policy is detrimental. It is not the deviation of output from the steady state that is
welfare-relevant, it is the deviation from the flexible-price counterpart (output gap)@
For example, a positive productivity shock in country H induces an increase in output,
but a decrease in the output gap, since the increase in output is lower than the increase
in flexible-price output. A welfare-oriented reaction of monetary policy would require
a reduction in the interest rate due to the negative output gap. Instead, monetary pol-
icy raises the interest rate due to the rise in output. As a result, the variance of the

2IRecall that the welfare loss function can be expressed alternatively in terms of country-specific output
gaps instead of the consumption gap (see equation [D.72).
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inflation differential is higher when monetary policy reacts to output (¢y > 0) than
when it does not react to output (¢py = 0)

While a reaction to output is detrimental under both regimes (in Figure [§, the wel-
fare loss is increasing in the output coefficient ¢y under both regimes), the damage in
terms of welfare is greater under the FX regime. The reason for this is that, in contrast
to the MU regime, monetary policy under the FX regime affects every component of
the welfare loss function (see Section 3.1). Thus, conducting “bad” monetary policy
is more harmful under the FX regime because monetary policy is more powerful in
this regime. Essentially, the nominal exchange rate does not compensate for monetary
policy mistakes; instead, it reinforces the quality of monetary policy. In this sense, a
monetary union provides a hedging mechanism against monetary policy mistakes.

3.3.3 Interest rate smoothing coefficient

The welfare ranking between the two monetary regimes depends on the degree of in-
terest rate smoothing ¢ as well (Figure @) When monetary policy does not engage
in interest rate smoothing (¢r = 0), the MU regime yields a lower welfare loss for
relatively sticky prices. As the degree of interest rate smoothing increases, the thresh-
old value for a, beyond which the MU regime is superior, increases as well. For very
high degrees of interest rate smoothing, the MU regime is welfare-improving only for
extremely high degrees of price stickiness. Thus, interest rate smoothing makes a ben-
eficial monetary union less likely.

The reason for this becomes clear by looking again at the impulse response of the
terms of trade gap to a positive one-off productivity shock in country H, but now with
a relatively high degree of interest rate smoothing (Figure [10). The impulse response
under the MU regime is identical to the situation without interest rate smoothing (Fig-
ure [5) because monetary policy continues to exert no influence on the terms of trade
when prices are equally sticky across countries. In contrast, the impulse response un-
der the FX regime now resembles the response under the MU regime. Although the
productivity shock is one-off, the terms of trade gap displays inertia in the form of
overshooting.

As a result, inflation expectations are affected in the same favorable way as under
the MU regime, namely by inducing history dependence into the economy. Only the
source of history dependence is different. Under the FX regime, monetary policy has
to engage in interest rate smoothing to induce history dependence. Under the MU
regime, history dependence is induced automatically by the fact that the nominal ex-
change rate is fixed. For the FX regime to be welfare-improving over the MU regime
under relatively sticky prices, monetary policy has to implement a sufficiently high
degree of interest rate smoothing. This renders the inflation differential more stable
under the FX regime.

The fact that interest rate smoothing under the FX regime reduces the welfare loss by
stabilizing inflation comes as no surprise. As shown by Woodford|(1999), one way for
monetary policy to implement the kind of history dependence that is desirable from
the perspective of optimal monetary policy is to engage in interest rate smoothing by
including a feedback of the current nominal interest rate to past realizations of the

30This is common to the closed-economy setup of the basic New Keynesian model, as in Gali (2008).
31 Cutting through the two surface areas along ¢r = 0 produces Figure
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Figure 9: World welfare loss under various degrees of price stickiness (af = af) and various
values for the interest rate smoothing coefficient (¢r), from two different angles

nominal interest rate, as is the case in the interest rate rules given by equations (2.22)

and (2.23).
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Figure 10: Impulse response of the terms of trade gap to a positive one-off productivity shock
in country H (pg = 0), with ¢gr = 0.9 and 0 = 0.2

4 Results under asymmetry

In the following, I check whether asymmetries in country size or in the degree of price
stickiness matter for the welfare ranking between the MU and FX regime.

4.1 Country size

If the two countries differ only in population size, the analytical results from Section
carry over. Accordingly, the RLOM under both monetary regimes, equations (3.9)
through (3.13), are valid in this case. As one can see, the RLOMs are independent of
the country size n. Thus, the welfare-relevant inflation differential and the terms of
trade gap are independent of n. As a consequence, the threshold value for «, beyond
which the MU regime yields a lower world welfare loss, is completely insensitive with
respect to 1. Therefore, the welfare ranking between the MU and FX regime does not
depend on country size.
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4.2 Price stickiness

The world welfare loss function under different degrees of price stickiness across the
two countries is given by equation (2.24) and repeated here for convenience:

Wi = —% <(p +n)var(Cr — C¢) + (1 + n)n(1 —n)var(T; — T)
+o(1+on)n 1- ochc(l — aHp) var mH
F
+o(l4+on)(1—n) (1— ocF)Ozl — (XFﬁ) var ﬂtp)
+tip. +O(|&]]). Y

It contains four components: the variance of the consumption gap (C; — C;), the
variance of the terms of trade gap (T; — T;), the variance of inflation in country H
(7/1), and the variance of inflation in country F (7f).

Unless the degree of price stickiness is extremely high (« > 0.9, which corresponds
to an average duration of price contracts of at least 10 quarters), asymmetry in the de-
gree of price stickiness does not matter for the welfare ranking between the MU and
EX regime (Figure [I1). Drawing from the analysis above, the intuition is the follow-
ing. First, the inherent benefit of monetary unions of inducing history dependence is
independent of country characteristics. It depends only on the fact that the nominal
exchange rate is fixed and that price setters are forward-looking. Second, the nominal
exchange rate inherits the stickiness of goods prices from both countries. It does not
matter if the stickiness is equally present in both countries or if the stickiness comes
primarily from one country. Thus, as long as the aggregate degree of price stickiness
in the world as a whole is sufficiently high, the MU regime continues to be beneficial.
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Loss Loss

0.2

Calvo parameter (o) o 1
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Figure 11: World welfare loss under different degrees of price stickiness across countries (af #
af), from two different angles

5 Contrast to traditional OCA theory

This paper has shown that in the standard two-country New Keynesian DSGE model,
countries benefit from forming a monetary union when prices are relatively sticky but
do not when prices are relatively flexible. This finding is clearly at odds with Friedman
(1953)’s case for flexible exchange rates and with the traditional OCA theory First,
note that in the model employed in this paper the need for macroeconomic adjustment
is triggered by an asymmetric temporary change in productivity, whereas the traditional
OCA analysis usually assumes a permanent shift in demand from the products of one
country to the products of the other.

Second, and more importantly, the role of expectations differs quite substantially be-
tween the New Keynesian and the Old-Keynesian framework. In the Old-Keynesian
framework, in which the key predictions of the traditional OCA theory were devel-
oped, expectations of economic agents were treated as exogenous. In contrast, in New
Keynesian models private sector expectations are treated as endogenous. As shown, it
is precisely the expectations channel that renders inflation rates more stable under the

32De Grauwe| (2012) summarizes the key insights from the traditional OCA theory.
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monetary union regime. This channel is naturally missing in models without such an
expectational feedback mechanism

6 Conclusion

The main finding of this paper is that in the basic two-country New Keynesian DSGE
model, in which monetary policy is conducted via Taylor-type interest rate rules, form-
ing a monetary union is welfare-improving when prices are relatively sticky. In this
case, the costs of higher output-gap and terms-of-trade-gap instability are outweighed
by the benefit of higher inflation stability. Two endogenous effects are responsible for
this. First, the stabilizing property of a flexible nominal exchange rate declines as prices
become stickier. Second, fixing the exchange rate entails the inherent benefit that it sta-
bilizes inflation expectations by inducing inertia into the economy.

The paper has also shown that whether forming a monetary union is beneficial or
not depends heavily on the way monetary policy is conducted. When monetary policy
responds to inflation aggressively or when it implements a high degree of interest rate
smoothing, maintaining a flexible exchange rate is superior. In contrast, monetary pol-
icy mistakes (such as a reaction to output) are more harmful under a flexible exchange
rate. In this sense, a monetary union provides a hedging mechanism against monetary
policy mistakes.

These findings suggest that the conventional view of the costs and benetfits of form-
ing a monetary union in terms of macroeconomics stabilization may need to be re-
vised, at least to the extent that real-world monetary policy is not optimal.
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A Variances

To obtain analytical expressions for the variance of the terms of trade gap and of the in-
flation differential under each monetary regime, I first derive the recursive laws of mo-
tion (RLOM). Then I set up the corresponding vector autoregressive (VAR) model of
the system of equations. Finally, since the matrix algebra is very extensive, I use MAT-
LAB Symbolic Math Toolbox to obtain the expressions of interest from the variance-
covariance matrix.

The derivations in this Appendix are only valid if the degree of price stickiness and
the persistence of productivity shocks are identical across countries («/ = af and
py = pr) and if monetary policy does not engage in interest rate smoothing (¢r = 0).
As shown in section 3| the variables consumption and world inflation need not be
considered as they behave identically across monetary regimes and independently of
the variables terms of trade, nominal exchange rate and inflation differential.

A.1 Monetary union regime

The number of equations can be reduced by subtracting the New Keynesian Phillips
curve of country H from the one of country F (B.43). As a result, the consump-
tion gap vanishes due to k¥ = kL. The second equation is given by the terms-of-trade
identity (B.44). The resulting system of equation is, then, given by

R = —kp(Ty — Ty) + BEiR (A1)
Ty = T_1 + 7. (A.2)

The general form of the corresponding RLOM is given by

Ti=bTi1+al (A.3)

R =byTy 1+ Ty (A4)

7 7 m R

T, = pygli_q — A.
t=pulia— 17 th , (A.5)

where vR = vI' — v[1. Equation (A5) is obtained by inserting the country-specific

shock processes (B.38) into the equation of the flexible-price terms of trade (B.33).

To obtain the unknown coefficients as functions of the deep parameters of the model,
I use the method of undetermined coefficients. First, inserting equations (A.3) through
(A.5)) into equations (A.1) and (A.2) and rearranging yields

byTi 1+ coTi =[—krby + Bbyb1]|Ti 1 (A.6)
+ [—kr(c1 — 1) + Bbact + Beapn| Tt
T+ Ty =14 b1 1 + e Th (A7)
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Setting T, 1 = 1,T; = 0and T;_1 = 0,T; = 1 respectively gives the following four
conditions for the four unknown coefficients:

by = — kb1 + Bbaby (A.8)
c2 = —kr(c1 — 1) + Bbac1 + Be2pr (A9)
by =1+ by (A.10)
C1 =Cp. (A.ll)

Straightforward manipulation yields the quadratic equation
0=pb3—(1+kr+pB)b+1 (A.12)

and therefore two solutions for b;. Only one solution fulfills the requirement for a
stable equilibrium, i.e., |b;| < 1. Using b; immediately yields the other coefficients.
Thus, the coefficients of the RLOM take the following form:

_ 14k +B—/ (A +kr+B)2 48

by = 26 (A.13)
b2:1+kT—/3—\/(21ﬁ+kT+ﬁ)2—4ﬁ (A14)
c1=c=c kr (A.15)

- 14+kr+B(1—pg—b1)

The corresponding VAR model can be written as followﬁ

R R N
qr 0 b2 pHC 1 ClJﬁn
Ty ) =10 by puc| | Ti—1 ) — Clﬁi-_TI Vi.
T: 0 0 pn/) \Tim THn
:r H/—/
=A =B

A closed-form solution of the variance-covariance matrix X can be obtained in terms
of the vec operator as followsﬁ

vec(L) = (I — A® A) ' vec(B), (A.16)
where I denotes the identity matrix.

Since matrix A is of dimension 3 x 3, matrix A ® A is of dimension 9 x 9. Although
matrix A ® A is triangular, calculating the inverse of that matrix is very cumbersome.
Therefore, I resort to MATLAB Symbolic Math Toolbox. Further simplification of the

34The order of variables was chosen as to render matrix A and therefore matrix A ® A triangular. This
facilitates the calculation of the determinant considerably, since, in that case, the determinant is simply
given by the product of the diagonal elements.

%See, e.g.,[Hamilton| (1994).
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resulting expressions finally yields

A ~ (1 + pr1)02 2c =~
Ty —Ty) = — +1 T A7
varyu (T ) [(1 — b%)(l —onb)  1—pnbr var It ( )
2c? -
R
M= ar T, A8
VMU T 0 ) (1 - b)) (T o) (419
. 1 2
var T; = - (1 Z 77) [Var v 4 varvf —2cov(vH, vf)} . (A19)

A.2 Flexible exchange rate regime

The derivation of the variances under the FX regime follows the exact same steps as
under the MU regime. The number of equations can be reduced by subtracting the
New Keynesian Phillips curves from each other. Furthermore, the expected change in
the nominal exchange rate can be expressed as a function of the inflation differential
and the terms of trade by inserting the interest rate rules and as well as
the equations for aggregate demand and into the uncovered interest parity
condition (C.7). The resulting system of equations is, then, given by

R = —kp(Ty — Ty) + BEiR 4 (A.20)
Ty = T_1 4+ 7Rk + AS; (A.21)
EiAS11 = —fnrt + ¢y T (A.22)

The general form of the corresponding RLOM is given by

Tt =b Tt—l + C1Tt (A.23)

7TtR = bZTt—l + Cth (A.24)

Agt = b3Tt_1 + C3Tt (A.25)
7 F m R

Ty = pyTi—1 — . A2
b= puTin = v (A.26)

Inserting equations (A.23) through (A.26)) into equations (A.20) through (A.21) and

rearranging yields

byTy—1 + coTy =[—krby + Bbob1]Ti1 (A.27)
+ [—kr(c1 — 1) + Bbac1 + Bezpn] Ty
b1 Ty 1 +c1Ty =[1+ by +b3]Ti1 + [c2 +c3]T; (A.28)
bibsTi—1 + [b3cr + capu) Ty =[—drby + dybr] Ti1 (A.29)

+ [—¢rc2 + Pyar] Tr.



36 A Variances

Setting T, 1 = 1,T; = 0and T 1 = 0,T; = 1 respectively gives the following six
conditions for the six unknown coefficients:

by = — krb1 + Bbaby (A.30)
c2 = —kr(c1 — 1) + Bbact + Beapu (A.31)
b1 =1+by+ by (A.32)
1 =Cy +C3 (A.33)
b1bs = —prby + Pyby (A.34)
bsc1 + c3pg = —Prca + Pycy. (A.35)

Straightforward manipulation yields the quadratic equation

0= Bb2 — [1+kr + (14 dy)Blbr + (1 + prkr + dy). (A.36)

In this case, there are either two real or two imaginary solutions for b;, depending
on the realizations of the deep parameters. However, neither solution fulfills the re-
quirement for a stable equilibrium. Yet, b; = 0 is another solution to the above system
of equations, and it implies a stable equilibrium, since |b;| < 1. Given b; = 0, the
coefficients of the RLOM take the following form:

=0 (A.37)

=0 (A.38)

=l (A.39)
— (qbﬂ - PH)kT

‘1= (¢r — pr)kr + (1 — pg + ¢y) (1 — Boy) (A.40)
_ (1 —pu + ¢y )kr

2 = (pr — pg)kr + (1 — py + ¢y)(1 — Bpy) (A.41)

o o 21y (A.42)

(o — pu)kr + (1 — pg + ¢y)(1 — Bon)

The corresponding VAR model can be written as followﬁ

AS; 0 —1 0 ppes\ [ASi1 C31E5
Tt _ 0O 0 O PHC1 Tt—l . Cl% v
7'EtR 0 0 0 PHC2 7"4L’)}R_1 Cz# £
T, 0 0 0 py/) \ Ty s

;4 =B

A closed-form solution of the variance-covariance matrix X can be obtained in terms
of the vec operator as follows

vec(L) = (I — A® A) ' vec(B), (A.43)

36The order of variables was chosen as to render matrix A and therefore matrix A ® A triangular. This
facilitates the calculation of the determinant considerably, since, in that case, the determinant is simply
given by the product of the diagonal elements.

%See, e.g.,[Hamilton| (1994).
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where I denotes the identity matrix.

Since matrix A is of dimension 4 x 4, matrix A ® A is of dimension 16 x 16. Al-
though matrix A ® A is triangular, calculating the inverse of that matrix is very cum-
bersome. Therefore, I resort to MATLAB Symbolic Math Toolbox. Further simplifica-
tion of the resulting expressions finally yields

varpx(Ty — T¢) = (c1 — 1)*var T; (A.44)
varry 7rtR = C% var T; (A.45)
F 1 n ) H F H F
var Ty = < ) [Var vii +varv; —2cov(v;,vi)|. (A.46)
1—p% \1+n
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B Monetary union regime

This appendix contains the full derivation of the model under the monetary union
regime. The world, which consists of two countries labeled H and F, is populated by a
continuum of agents on the interval [0, 1]. The population on the segment [0, n) lives
in country H, the population on the segment [n, 1] lives in country F. Thus, n measures
the population size as a fraction of world population. An agent is both consumer and
producer. He produces a single differentiated good and consumes all the goods pro-
duced in both countries.

B.1 Consumer problem

Agent j in country i = H, F derives positive utility from consumption C/ and negative
utility from producing the differentiated good y/. The present discounted value of
lifetime utility U/ is thus given b

Ul =Eo>_ 8 [u(ch) - vyl )|, (B.1)
t=0

where E; denotes the expectations operator and /3 the discount factor.

V is an increasing, convex function of agent j’s supply of his product y{ and a de-
creasing convex function of productivity z;, which is common to all agents in country
i. One can think of V' as the combination of the agent’s disutility of working and the

production function. If the disutility of working is given by ¢(N/), where N/ is the
number of hours worked, and the production function is given by y{ =f (Nt] , zf;), then
V=g(f(y2). |

U is an increasing, concave function of consumption C/. The agent consumes both a

bundle of differentiated goods from country H and from country F with a preference
structure of the Cobb-Douglas type, so that

1-—n

. n .
C’ C!
H,t Et , (B.2)

n 1—n

cl =

where the bundles of differentiated goods are given by aggregators according to |Dixit

and Stiglitz (1977):
) 1 % n . - o—1
Cly = l(%) /0 c{(h)udh] (B.3)

1
. 1 - 1
]

38In Benigno| (2004), the agent derives utility also from holding money. However, money in the utility
function is not necessary if monetary policy is conducted via the interest rate.
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These preferences imply (1) that the elasticity of substitution between differentiated

goods c] from one country is o, which is assumed to be greater than one and equal
across countries, (2) that the elasticity of substitution between the bundle of goods
from the two countries Cp ; and Cr; is one and equal across countries, and (3) that the
share of a bundle of goods from one country in the overall consumption expenditures
of an agent coincides with the country’s share in world population, i.e., there is no
home bias in consumption.

Accordingly, the aggregate price index in country i is given by

P = (Piy,)"(Pe)' ", (B.4)

where the price indices for the bundles of differentiated goods in each country are
defined by

i L[ e =
o= |5 [ piwtean (85)

. o
;:,tzllln / p;<f>”df] .

In their role as producers, agents charge only one price for their good irrespective
of whether the good remains in the country or is exported (no price discrimination).
Furthermore, exporting does not entail transportation costs. These assumptions im-
ply that a single good has the same price in both countries, i.e., p/’(h) = pf(h) and
pH(f) = pf(f). Given identical consumption preferences across countries, this imme-
diately leads purchasing power parity to hold, so P = P/ = P;. Consequently, the
superscript i can be dropped from all the price indices@

Agent j takes three decisions with respect to his consumption choices. First, he de-
cides on the overall level of consumption C ] . Second, given C; I he optimally allocates
expend1tures between the bundles of differentiated goods from the two countries C},

and C}, by minimizing total expenditure PtC] with respect to (B.2). As a result, de-
mand for these bundles is given by

j P\ "' j P\ "'
CH,t =n Tt Ct’ CF,t = (1 — 7’[) ?t Ct' (B6)
Third, given Cp ; and Cr; the agent optimally allocates expenditures between the dif-

ferentiated goods by minimizing Py (Cp ; and Pr;Cr; with respect to equations (B.3).
This yields

) =~ (M) R — (p ;(F’: ))—U Ch.  ®7)

%Note that P; can be interpreted as a consumer price index, Py ; and Pr; as producer price indices.
40 As shown below, C/ is determined by the usual Euler consumption equation (B.14).
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Combining and yields

- ~1 —0 -1
iy _ (PN "7 [ Pry i e _ (Pe(f) Pry j
o= (B) " (Fee) dl don- (BE) () o e
The terms of trade are defined from the perspective of country F, i.e., the ratio of the

price of the bundle of goods produced in country F to the price of the bundle of goods

imported from country H:
Pr,

P

Equations (B.8)) can then be expressed in terms of the terms of trade as

o= (22) “mee, don = (B2) ne, mao

T (B.9)

where the terms of trade were inserted by rearranging the aggregate price equation
and by using the definition of the terms of trade (B.9).

Aggregating over all agents living in both countries, global demand for the differ-
entiated goods / and f can be written as

nt) = (B0 “riee, i = (B2) Troer, e

where world consumption is given by
1.
cl’ = / Cldj. (B.12)
0

There are two types of assets agents can trade in. Within each country, agents can
insure against all possible states of nature by holding a portfolio of contingent, one-
period securities whose real value (denominated in units of the consumption-based

price index) is denoted by B,’ and whose vector of prices is denoted by gi. Across
countries, agents can trade in a non-contingent, one-period bond whose nominal value

(denominated in the currency of the union) is denoted by B} and whose nominal in-
terest rate is denoted by R;. Thus, asset markets are incomplete across countries, but
complete within countries. The intertemporal budget constraint of agent j in country
i is then given by
S B/ .. B , Nuso( i
Cl+aiBy + gy = Bt + (1 rl)—Pt(]gf(]), (B.13)
where the left-hand side represents the agent’s expenditures and the right-hand side
his income. The latter stems also from sales revenues p;(j)y:(j) net of a proportional,
country-specific tax Ti
All contingent securities and non-contingent bonds are assumed to be in zero sup-
ply in the initial period, so BE)’] = B(]) = 0 for all i and j. Together with the facts that

#The tax will turn out to be a subsidy to exactly offset the distortion caused by monopolistic competition.
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agents have identical preferences and that asset markets are complete within coun-
tries, this assumption implies perfect risk sharing of consumption within each coun-
try. Therefore, it is possible to analyze the consumer problem from the viewpoint of
the representative agent of country H and country F.

The representative agent in country i maximizes his lifetime utility with respect
to the budget constraint (B.13). By combining the resulting first order conditions with
respect to consumption and bond holdings, the usual Euler consumption equation is
then given by

Uc(Ci) = (1+ R)BE; {Uc( ;‘m%}. (B.14)

One important implication of the Cobb-Douglas type consumption preferences
given by together with the initial condition Bf' = Bf = 0 is that risk sharing is
perfect across countries as well despite incomplete asset markets at the international
level, in the sense tha@

cH=cf =¢,. (B.15)

To gain intuition, first note that, similar to (B.3)), aggregate demand for the bundles of
goods in the two countries can be expressed as

YH = K%) /On yf(h)“aldh} o (B.16)

[0

v [(1in) /nl yt(f)agldf] -

Then, applying (B.16) to (B.11) and using (B.15) yields
Yl =t1l""c,, YF=T17"C. (B.17)

Making use of the definition of the terms of trade and the aggregate price equa-
tion (B.4), this can be rearranged to

Py, Y = PG, PryYf = PG (B.18)
Finally, the ratio of the two equations is given by

hy_f =T,
PayYE

Y
YA~ 1. (B.19)

Nominal output equals nominal consumption in both countries at all times, as can
be seen from (B.18). Thus, current accounts are always balanced. The reason is that
any variation in the terms of trade is accompanied by an exact proportional variation
in relative output across countries, as shown by (B.19). Agents shift consumption from
the good that has become relatively expensive to the good that has become relatively
cheap (expenditure switching effect) in such a way that a one percent increase in the
relative price (terms of trade) leads to a one percent decrease in relative quantities.
This is ultimately due to the fact that the elasticity of substitution between the bundles
of goods from the two countries is one (Cobb-Douglas preferences).

#2For a proof, see[Benigno| (2003), Appendix A.
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As a result, relative nominal output and therefore relative income between the two
countries are constant at all times. Thus, there are no gains from asset trade across
countries, and the internationally traded bond becomes redundant (Bff = Bf =

0v 5F

B.2 Producer problem

In their role as producers, agents act in an environment of monopolistic competition,
in which they dispose of some degree of market power. Furthermore, prices are sticky
in the sense that the agent is able to change his price in a given period with a fixed
probability, as in Calvo| (1983). The probability of being able to change the price may
differ across countries and is given by 1 — o,

Agent j in country i maximizes expected, discounted profits by choosing the price
pr(j) taking into account that demand for his good depends on the chosen price and
that the price may remain unchanged for some periods. Formally, the agent maximizes

(0.¢]

E; Z(“lﬂ)k [At—&-k(l — ) pe () Tk () — V(]?t,t+k(j)rzi+k)} (B.20)
k=0

subject to the demand function

Jerk(h) = Priox T, Crrk (B.21)

if the agent lives in country H or

Jprk(f) = (%ﬂ) T,k Criks (B.22)

if the agent lives in country F, where f; ;x(j) denotes total demand of good j at time
t + k if the price fi;(j) prevails. Profits are expressed in utility units. Therefore, nominal
sales revenues net of taxes (1 — ') p¢(j) ¥ 11«(j) are converted into utility units using

the marginal utility of nominal revenues A;y = %, which is the same for all

agents in both countries due to perfect risk sharing within and across countries and
due to purchasing power parity. The cost of production expressed in utility units is
given by the function V.

The first order condition yields the optimal price

5i(7) = o E; Zlcc)o:o(“iﬁ)kvy(?t,t+k(j)/Ziq_k)gt,t—&-k(j)
t (c—1)(1—1) Et > 5o (B Ar kTt 4 () '

(B.23)

#3The result that, under Cobb-Douglas preferences, the terms of trade provide perfect insurance against
output variations was already shown by |Cole and Obstfeld| (1991). Note that the result does not hinge
upon the specification in which the expenditure share in the Cobb-Douglas function coincides with the
population size n (a feature also common to the Obstfeld and Rogoffi (2001) model). If the expenditure
share does not coincide with the population size, as in Corsetti and Pesenti| (2001), relative consumption
across countries as well as relative income across countries are still constant over time. However, they
are not equal to one, as in (B.15) and respectively. Consumption and nominal output, then, differ
across countries.
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where V; denotes the derivative of function V with respect to output (j). All agents
that live in the same country and are able to reset their price in a certain period will set
the same price, since they share identical preferences (function V) and face the same
demand curves, which depend only on aggregate variables such as Py, Pr, T, and C,
and the common elasticity of substitution o. Hence, in a given period, a fraction 1 — o
of agents will set the same optimal price, while for a fraction o of agents the price
from the previous period remains effective:

Py = [af Pl % + (1 - o) 5y ()1 —0] e (B.24)
Py = [of PL % + (1 aF )i (f) ).

When prices are flexible, the optimal price equation (B.23) for country H simplifies
to

Vv H, H

1 = o - y (v zi ), (B.25)
(c-1)(A—7") Uc(Cr)
and for country F to

o vy, (yF, zh)
T/ = oL B.26
T ona-T) U@ (520

Note that the closed-economy counterpart is given by
Vy (Y,

1= o y(Ye 2t). (B.27)

(0-1)(1—-1) Uc(C)

Moreover, variations in the marginal disutility of production of one country relative
to the other country are reflected in variations in the terms of trade. Dividing (B.26) by

(B.25) yields
11— H Vy(yffzf)
1—tF v, (yH, zl)

T; (B.28)
B.3 Terms of trade

It is necessary to express the terms of trade equation in changes, since the model
will only contain price changes (i.e., inflation) rather than price levels. Thus
Tt Prt Pt
Ti1 Pre—1 Puy

(B.29)

B.4 Log-linearization

In the following, the model equations will be log-linearized. Given a variable X;, the
following definitions will be used:

XV =nXP+ (1 -n)Xf (B.30)
X} =xf - xH (B.31)

Furthermore, deviations of the logarithm of a variable X; from its steady state are
denoted by X; under flexible prices and by X; under sticky prices.
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B.4.1 Flexible-price equilibrium

Under flexible prices, prices are set as a markup over marginal costs, monetary policy
is neutral, and consumption, output, and the terms of trade are driven by productivity
shocks only. Accordingly, consumption, world output, and the terms of trade evolve
as followsé

~ n =w
C = Y B.32
Tootn! (B.32)
~ N =R
T, = — Y B.
} T3t (B.33)
~ n =w
YV = Y, . B.34
Yot (B.34)

The first equation is derived by log-linearizing and and taking the
weighted average with weight n. The second equation is derived by subtracting the
log-linear approximation of from the log-linear approximation of (B.26). The
third equation is derived by inserting the first two equations into the weighted aver-
age of the log-linear approximations of equations (B.17).

The following definitions were used:

UccC
— B.35
p Uc (B:35)

denotes the inverse of the elasticity of intertemporal substitution in consumption,

VyyC
= - B.
n v, (B.36)

denotes the inverse of the elasticity of producing the differentiated good, and finally

— V .
Y, = -z (B.37)

reparameterizes the productivity shock in country i.
The productivity shock in country i follows an AR(1) process of the form
Yy = Y11+ Vi, (B.38)

where v; is a white noise process with var v; = 1.

#In contrast to[Benigno| (2004), I abstract from fiscal policy shocks.
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B.4.2 Sticky-price equilibrium

Under sticky prices, the system of equations is given by

EiCii1 =Cr+ %(Rt — ElYy) (B.39)
YH=1-n)T+¢ (B.40)
YE = —nTy + G (B.41)

= (1 - )k (Ty — Tp) + k& (& — C) + BEimlL, (B.42)
nf = —nkp (T — Ty) + k& (Cr — Gb) + BEimf (B.43)
Ty=T1+naf —nl (B.44)
Ry = ¢rRi-1 + (1 — ¢r) (dam)” + py V1Y). (B.45)

Equation is the log-linear approximation of the Euler consumption equation
(B.14), where Cf; = C¢ and 7 = In(P¢/P;_1). Recall that, due to perfect risk sharing,
consumption is the same across countries, which implies that there is only one Euler
equation. Equations and are log-linear approximations of the equations
for aggregate demand .

Equations (B.42) and (B.43 represent the New Keynesian Phillips curves for country
H and country F respectlvely, where 7t/T = In(Py;/Py; 1) and 7t} = In(Pr;/Pp;_1).
They are derived by combining the log-linear approximation of the optimal price
3) with the log-linear approximation of (B.24) for each country separately. The pa-
rameters in front of the terms of trade gap (T; — T;) and the consumption gap (C; — C;)
are defined as follows (for i = H, F):

i (-ap)(1—al) ptn

c- ol 1+o0nm (B.46)
- (1-daB)(1—a) 147
ki = - T+ om (B.47)

Equation is the log-linear approximation of the terms of trade equation (B.29).
Finally, equation represents the Taylor-type interest rate rule, according to which
the common monetary policy reacts to union-wide inflation and to union-wide output
(measured as the weighted average of country-specific inflation and output respec-
tively) with coefficients ¢, and ¢y and engages in interest rate smoothing with coeftfi-
cient ¢g.
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C Flexible exchange rate regime

The main difference to the MU regime, of course, is that both countries possess their
own currency and independent monetary policy. Notwithstanding, the model struc-
ture is to a large extent identical. The behavior of output, consumption, and the terms
of trade under flexible prices is given by equations through (B.34).

Under sticky prices, the system of equations is given by

ECii1=Ci+ % (”(Rﬁ — Erfiy) + (1= n)(Rf - Et”tpﬂ)) (C.1)
YE=01-nT+ (C.2)
YE = —nTy + & (C.3)
mt = (1 =)k (Ti = Tt) + k& (G = Co) + BErm L (C4)
i = —nkp(Ty = T) + ke (& — Ci) + BE (C.5)
Ty =T 14+ af —af +AS; (C.6)
EiAS1 =R — R} (C7)
Ri' = ¢rR{y + (1= or) (b + Dy V) (C8)
Rf = orR{_ + (1 — ¢r)(Parrf + Dy Y}). (C9)

Given the same assumptions as in the MU regime on the set of assets agents can
trade in, on the agents” preferences, and on the law of one price, the result of perfect
risk sharing carries over to the FX regime Therefore, consumption is described by
one Euler equation (C.I)). In contrast to the MU regime, the Euler equation contains
two interest rates, since monetary policy is country-specific.

The equations for aggregate demand and as well as the New Keynesian
Phillips curves and are the same as under the MU regime. Agents are as-
sumed to set their price in the currency of their country (producer currency pricing).
The assumption of no price discrimination and no transportation costs implies that the
law of one price holds, which in turn implies that exchange rate pass-through is com-
plete. The law of one price together with identical consumption preferences implies
that purchasing power parity holds as well.

The terms of trade are now given by

StPry

Tt - ’
Pyt

(C.10)

where Py ; denotes the price of the bundle of differentiated goods produced in coun-
try H denominated in country H’s currency, Pr; denotes the price of the bundle of
differentiated goods produced in country F denominated in country F’s currency, and
St is the nominal exchange rate defined as the price of country F’s currency in terms of
country H’s currency. First-differencing and log-linearizing the definition of the terms

of trade yields (C.6).

#5Gee |Obstfeld and Rogoff| (2001). By adopting the assumption from the MU regime that asset markets
are incomplete across countries I deviate from Benigno and Benigno| (2008), who assume asset mar-
kets across countries to be complete. With identical Cobb-Douglas preferences, however, risk sharing is
perfect regardless of whether asset markets are complete or not.
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Equation (C.7) represents the uncovered interest parity condition, which can be ob-
tained by subtracting the log-linearized Euler equation of country F from the one
of country H, using the fact that purchasing power parity holds. Thus, the expected
change in the nominal exchange rate corresponds to the interest rate differential across
countries. Finally, equations and represent the Taylor-type interest rate
rules, according to which monetary policy reacts to country-specific inflation and out-
put with coefficients ¢, and ¢y and engages in interest rate smoothing with coefficient

¢or-
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D Welfare loss function

This appendix contains the full derivation of the world welfare loss function. The
world welfare loss function is the discounted value of a weighted average across coun-
tries of the average utility flow of agents using a second-order Taylor series expansion
in the spirit of Woodford (2003)@

The average utility among agents in country H is given by

wft = u(c) - [ Vi, an, (D.1)

and average utility among agents in country F is given by

1
wf = U(C) — ﬂ V(yi(f), 2F)df. (D2)

1—n/)i_,
The discounted value of the weighted average of the two flows is then given by

o0

Wi =E¢ Y Bf(nwpl + (1—n)wf,,). (D.3)
k=0

Each term of the utility function is treated separately.

D.1 The term U(C;)

Taking a second-order linear expansion of U(C;) around the steady state value C yields

U(C) = U(Q) +Ue(Cr —O) + sUee(C— O+ O(JelP), (D)

where the term O(||&|°) groups all the terms that are of third or higher order in the
deviations of the various variables from their steady state.

Furthermore, a second-order Taylor expansion to C; yields

C,—C 4
¢+

1 1
C 2

G+ O(||E]”) & € —C =CC + 5 CC2 + O(|l&]), (D.5)

N

where C; = In(C;) — In(C).

46The derivation follows Benigno| (2003), Appendix D. Here, I do not abstract from exogenous govern-
ment expenditures. The loss function without government expenditure shocks is identical.
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Inserting (D.5)) into (D.4) yields

—_— — A 1—/\ 1 — A 1—/\
U(Ct) = U(C) +Uc(CCr + 5CCF) + S Uec(CC + 5CCF)2 + O(J1€]1°)
=t.i.p
o 1l s 1. pay —pan 104 .
— UCCr + Euccct2 i Eucc(czct2 LT+ Zczc;*) +tip.+O0(|&]%)
—o(lle]*)
— UCC, + SUTE + - 24 ti >
= Uc t+§uccct +EUCCC Ci +tip.+O(||&])
a1 1 Uee— .
= UcC |G+ 2C2 4 = =CCC 2| +tip.+0O(|&]®)
2 2 Uc
——
=—p
I 1 A )

where the term t.i.p. collects all the terms that are independent of monetary policy and
independent of whether the two countries form a monetary union or not.

D.2 The term 2 (" V(y;(h), zf)dh

A second-order Taylor expansion of the second term in (D.1) around a steady state,
where y(h) = Y" for all h and t, and where zH = 0 for all t yields

V), 2 = VT 0) + vy (3uh) - Y7) 4 Vel 4 2y (w0 - 7

—H 1 2
+ Ve (i) = Y7 2l + Sviazf® + O(Jl]). (D7)

Global demand for a differentiated good produced in country H (including demand
from government expenditures G) can be expressed by

y(h) = (p(h))_g T 4 M

Py
_ (PN e, (PN ol
—(PH) ! C1+\(PH GJ
—yi(n) — S (h)
=y (h) + y3(h). (D.8)

A second-order Taylor expansion to y¢(h) yields
Y7l + o], (D.9)

where §7(h) = In(y?(h)) — In(Y ).
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A second-order Taylor expansion to y$ (h) yields

v () =795 () + 7G5 )2 + O( ) (D10

Combining (D.8), (D.9), and (D.10) gives

— 1 1
=" (0 + 300+ 550 + 39507 D11)
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Inserting into (D.7) and simplifying yields

—H —H | . 1, . 1.
V(ye(h),z(") =V(Y",0)+V, Y | §i(h) + Ey‘i’(h)2 + 95 (h) + Eyf(h)Z
—t.i.p. h — g
=t.i.p.
1., -2/, 1, R 1. 2
+ Va4 VT (00 + W2 + 50 + 50 02)
=t.i.p. N ~

=g1(h)2+t.i.p.+0([&]*)

<H [ . 1. N 1. 1 2
VT (00 + S0 + G50 + 39500 ) 2l 4 Svesal
N —_—

-~

. . =t.i.p.
=9 (n)zfl+ip+O(||&]°) P

+O0(J1|°
= v, Y"

~—

. 1. —HZ, —H .,
(h) + G 02) + V¥ 00+ VT )2t

9
+tip. +O([|&]])

+tip.+O(|E])
—H R R R N —H
=V,Y (yf(h) + Eyf(h)z + gyt(h)z —n9i(h)Y, )

+ tip. +O(JJE]?) (D.12)

—

Next, a relationship between Vy and U will be derived. In the steady state, equa-

tions (B.25) and (B.26)) can be expressed as

(1- ) Uc(C) = -~

— 1T1*”Vy (T“”C o) (D.13)

¢ TV, (T‘”E, o) ) (D.14)

(1-7")Ue(C) = -7

which can be rearranged to

(1-o"uc@C) =T "v, (T“”E, 0) (D.15)
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(1-@F)Uc(C) =T "V, (T‘”E, o) (D.16)
with
(1—®H):(1—TH)U;1 (D.17)
o—1

(1—@f)=(1-1h) (D.18)

o

The analysis must be restricted to the case in which distortions from the efficient
steady state are small, i.e., the deviations of ®!T and ®F are at least of order O(]|&]|).
Furthermore, for reasons of tractability, it is assumed that of = of. If tH = +F, it

follows that T =1and Y =Y = C. Then, equation (D.15) yields
(1—oM)uc(C) =T "V, (T“”E, o)
—H
= v, (¥",0)
=Vy. (D.19)

Plugging into (D.12) yields

Vi), =) = (1= 0" U () + 39400+ J3: (02

— ngf(h)?f) +tip. +O(||]]). (D.20)

.. vH = = . . . . .
With Y = C and Uc(C) = Uc together with the small distortion assumption, i.e.,
the product of ® with second-order terms can be neglected, the last equation can be
written as

Vi), =) = UeC (1 = @)t (k) + 32 + Ja1 0

—nyf(h)l_/?) +t.i.p.+O(||é||3). (D.21)

Integrating across agents belonging to country H yields

o [ v, zhan —ucc(a - oL [ an 3 [ doran

n 0

+——/ §:(h)2dh — 1~ / dh?f)

+ti.p.+ O(&])

= UcC((1 - OM)EH () + S Eugf 8 + T

- nEW‘f(h)??) +tip. + O(HEHB’) (D.22)
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Recall the basic relationship
var(X) = E(X?) — (E(X))? & E(X?) = var(X) + (E(X))>. (D.23)
Thus,

1

o [ v, 2 = uc (1 - OB h) + 5 (van, 910 + (E4H ())
0

+ g (Varh 7e(h) + [Ehﬁt(h)F) - TlEh]?(ti(h)YF>

+ tip. +O(JJE]P). (D.24)

D.3 Expanding Y/
Recall the aggregator
YH — {% / yt(h)“oldh}“l. (D.25)
0

I conduct a second-order Taylor series expansion of both sides of the equation. Note
that the more general case of (D.5) is given by
CG-C' 1,
tE“ = aCt+§a2Ct2+O(||£||3). (D.26)

-1

Thus, approximating y:(h)“ up to second-order yields

o—1
o—1 o

()T =YY" °

1 e 2 (Y e Lol D.27
+ () + 5 | =) 07 +O(el").  (D-27)

Inserting into (D.25) yields
1 2
. 1 N
T =——0:(h) + 5 ( ) 9+(h)

—H 1" c—11 [, 1/o—1\*1 (",
=Y {E/o 1dh + - 5/0 yt(h)dh+§( . ) 5/0 7e(h) dh}

—H% 1 1/0—1\?
_y" {1+"U Eun(h) + 5 (25 Em<h>2}+o<ua||3>. (D.28)

o—1

dh +O(|l¢]]%)

o—1
A second-order Taylor expansion to YT ¢ yields

o-1 —H% o—14 1/0—-1 ZA
YH o =Y {1+ = YtH—i—§< = ) YtHz}+0(||5|y3). (D.29)
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Equating the previous two equations yields

A 10——1/\ 2 ~ 10_1 ~ 3
Vil 5=V = Bye(h) + 5——Enge(h)* + O(lIE]).

2 2

This expression raised to the power of two gives

Y = (E9e(h)? + O(J[]?).-

Inserting back into (D.30) and simplifying yields

A lo—1 R R lo—1_ .
TH 4 2T (B () = Enu() + 5~ Eui () + O(JE )

2

T8 = Enge() + 2 T [Eugu(n)? — (B4 ()] + O(11€]1)

~ R lo—1 R
TH = By () + 57— van, g:() + O(I& ).

Analogously,

var, g (1) + O(|E[1).

. 1
VI = Eppf(h) + 5

(D.30)

(D.31)

(D.32)

(D.33)
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Using the previous two equations to substitute out E;§;(h) and E,#¢(h) in (D-24)
gives

2
+g (Varh]/t(h)+ Vi — Varhyt(h)} )
~H d 10—1
—n|Y, T2, Varhyt(h) Yt +tip.+O(|&]])
— Hy<H.d lo—-1 Ad H1 - ~d
=UcC((1-7)Y, " — = vary, 7¢ (h) + @ 5 vary, 77 (h)
=0([l&]1%)

. J

1 S | X 1/0—1)2 X
+2(varhyt )+ 3 AT D, g+ (T ) (van, )2

=0([l&]1%)
o —1 A 1 /0—1\? .
+Z(Varhyt HZ—YtH > Varhyt(h)—kZ( - ) (Varhyt(h))2
=0(||&|1*)
no-—1 . 3
—nl T 3 van 0T ) + i+ Ol

=O(H£H )

1 . ~H d<H
— LICC((l — o)yyHA 4 2YHd + thHZ — nYHAy,

lo—1

2

. 1 N . .
vary, yf(h) + 5 vary, y‘t’z(h) + gvarh yt(h)> +tip.+ O(||£H3) (D.34)

Note that since §;(h) = §%(h), vary, §;(h) = vary, #%(h). Therefore, the previous ex-
pression can be simplified to

e Hyip 177501 aH\oHd | LoH2 | Mom?  oHdyH
E V(yt(h),zt )dh = UCC (1 () )Yt —+ EYt + EYt T]Yt Yt
0

+ %(0—1 +n) vary, gt(h)) + tip. 4+ O(||E]]). (D.35)
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D.4 Combining the results

Inserting (D.35) and (D.6) into (D.1) yields

—( A 1 A ~ 1Ay 2 ~ T J—
wi! = UcC (Ct + 51— p)CF — (1 — )P — Sy Y ey
1, _ . )
— 5 (e + ) var, yf(h)) + tip.+ O(&]). (D.36)

Average utility among agents living in country F is derived completely analogously.
Thus,

_ n 1 A~ A 1 A 2 A T2 o) —F
wf = UcC (Ct + 5(1 —p)C7 — (1— 0"V - EYtF'd B thF ¥

— %(01 + 1) vary ]?t(f)) + ti.p. 4+ O(J|E]]?). (D.37)

World welfare consists of the linear combination of country H’s and country F’s
welfare with weight n and 1 — n:

w = nwH + (1 — n)wf

— A ~ 1 ~ a
= UCC(let +(1- H)Cé—l-i(l —p) (?Ctz +(1-— n)Ctz)

_¢ —¢2

~ N 1 N ~
—n(1 = O — (1 —n)(1 - @)V 2 (nyﬁfd2 +(1- n)YtF’d2>

o . CH Ao ~FdH
- g (quz +(1- n)yfz) + (nYtHdef +(1—n)¥FY] )

— 2o+ mlnvan, (i) + (1 - n) var, w)]) T+ tip. + O(EP).  (D.39)

Inserting the expressions

Yg_l = (1 — H)Tt + ét + gfl (D.39)
YE = —nTy+C+gF (D.40)
YEA— (1 —-n)Ty + & (D.41)

Y = Ty + & (D.42)
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and simplifying yields

— /[ A 1 ~
w; = UcC <Ct +501- p)C?

=

(1—0N[1-—n)T+C]— 1 —n)(1 — o) [—nT; + &

A

n[(1—n)T + G2+ (1 — n)[—nT + ét]z)

(
([0 = m) T4 G g1 4 (1= m) [y + Co -5

+
NI, 3 N3INR-

(nl( = m) T+ GV} + (1 = m)[-nTi + CY; )

(o mlvan, ge(h) + (1= n) vary ()]
+ ti.p. 4+ O(J|E]]°) (D.43)
= Ucé<ét + %(1 — p)étz

— (1 =01 —n)T; — nC +n@oC+ (1 - oHn(1 —n)Ty — (1 —n)E + (1 —n)0FE
1 (n(l —n)?T2 4 2n(1 — n) TG + nC? + (1 — n)n®T? — 2n(1 — n) TG + (1 — n)étz)

2
N a 2 A A “ R
0 (n(l —n)? T2 4+ nC? + ngl” 42n(1 — n)T;C; 4 2n(1 — n) TigH + 2C;H
2 S—~—
=t.i.p
+(1-—mn?®T?+(1-n)C?+(1— n)gfgE2 —2n(1 —n)T;C — 2n(1 — n)Tigl + ZCtgf)
—_———

=t.i.p.
+1 (n(l — n)TtYf{ + nétYf{ —(1- n)nTtYf +(1— n)(fﬁf)
1 N
_ E(0‘*1 + n)[n vary 9t(h) + (1 — Vl) Val'f }/t(f)])
+ tip. +O(JJE]P). (D.44)
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Further simplification gives

—/ A 1 ~
w; = UcC (Ct +501- p)C?

(.

-

=0if o = ©F

A

N

—_¢

S Mot [n(l —n)?4 (1 - n)nz} T2

/

-~

=n(1-n)

€+ n(1—m) T2 +2n(1 = mT; [l - gf| +2C [ngf! + (1 - n)sf]

S—— N ~~
=—gR =g/’

+n|¢ [n?ff +(1- nﬁf] (1 -n)t {?}? . Yﬂ

.

- N’
v =Yt

— %(0_1 +mn)[nvary, §i(h) + (1 —n) vars ﬁt(f)])
+ti.p. + O(J|&]]?).

This yield

w

= uﬁ(c} [ncDH +(1— n)qf} + %(1 —p)C?

+1n <Ct7:/v —n(l— n)if“ﬁf)

—_

-~z (éz+n(1 —n)TE)

(Ctz +n(1—n)T? +2Cgl" —2n(1 - n)Ttgf>

Nl—= N3N

(o= 4 m)nvar, §1(h) + (1 — n) var; m(f)])

+tip. +O(||&|]P).

- ((1 —of)—(1- <1>F)> n(1—n)T —nC — (1 —n)C; +Ci [;@H (- n)ch}

(D.45)

(D.46)

47This equation corresponds to equation (E.21) in Benigno| (2003), Appendix D, except for a typo: There

must be a minus sign in front of n(1 — n)TtYF.
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Factoring out a minus sign yields
Wy = —ucé(—ét [ncDH F(1— n)cDF] . %(1 — p)C2
-7 <Ct7tw —n(1-— n)f}??)
+% (& +n(1-w)1?)
+ g <C’tz +n(1—n)T? +2CglY —2n(1 — n)Tgf)
1

+3(0 ) 1(0) + (1= n) vary (1)

+tip. 4+ O(||E]]). (D.47)

Expanding gives
— A 1 A
Wy — _ucc<—ct [n(DH (11— n)ch] —5(1-0)C

- nCtYIN +nn(l— n)Ttl_/f
14 1 .
+ =C? 4 -—n(1—n)T?

2 2
+ gétz + gn(l —n)T2 + nCigl¥ — (1 —n)Tigk
1 "
#500 ) van () + (1= n) vary ()

+tip. +O(&]?). (D.48)
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Rearranging yields

S
|
|
&
@)
/?\
O
S
5
ay
_|_
=
|
=
=
T

+ %(0_1 + n)[nvary, :(h) + (1 — n) vary 9f(f)]>
+tip. +O(E|°) (D.49)

= —UCE(—G [n(DH +(1-— n)(DF]

+ %(p +n) |6} —26,¢]
5t mn(1—n) [12 271
#3007 m) v () + (1= n) vary (1))
+tip.+O(&]°) (D.50)
= —UCE(—Ct [nd)H +(1— n)(DF]
+ %(p+ n) [Cf —2C,C, + Cf} — %(er n)CW?
) _[e—C] ST
+ %(1 +n)n(1 —n) [th —2TyT; + th] — %(1 +mn(l —n)T?
I —
+ 3 mlvan, (1) + (1= ) va 4() )
+tip. +O(JE]°) (D.51)
- —ucé(—c} [nCDH +(1- n)cDF]
3o m) [& =G4 S (1 (1 —m) [T — 11
1

+ 5 (07 + m)[nvary §i(h) + (1 - n) vary %(f)])

+ tip. +O(JJE]?). (D.52)
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The difference between steady-state consumption under the presence of the mo-
nopolistic distortion C and the efficient level of consumption C* (situation without the
distortion) is given by

t=—In <§> _ @+ (1-nof (D.53)

Inserting yields

zwz—%k5(43@+nﬁ

+o(p+m) [G— G+ %(1 +mn(l—n) [T = 7]’

_ N =

#3007 ) v () + (1= n) vary 1)
+tip.+O(&]°) (D.54)

= —UCE<%(0+ T]) ([ét — Ct}z — 2@1}5) + (1 + 1‘1)7’1(1 — n) [Tt — Tt}z

N

1
2
1

+—§(01+-nﬂ”Vthﬁdh)4—(1—'”)Va?f94f”)

+tip. +O(||E]) (D.55)
2

—/1 N -
——ucC(lo+m | [G-c) e | +
~——

=Ct

(1+mn(1—n) [fi = T,]°

N| =

1

b 2o mlrvan, 60 + (1) vary ()

+tip.+O(&]°). (D.56)

Thus,
—(1 ) 1 A ~ 12
wy = —UcC (E(p+ n) [er — €]+ 5(1 +mn(l —n) [T, — T}
+ %(0_1 +mn)[nvary, §i(h) + (1 —n) varg yt(f)])
+ ti.p. +O(JJE]?). (D.57)

Next, vary, §;(h) can be linked to inflation 7/’ and var §¢(f) to 7. Note that

vary, J:(h) = var, yi(h) = o’ vary, pe(h) = o’ vary, pe(h). (D.58)
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Then, the following relationship is derived in a completely analogous way as in
Woodftord (2003):

o) H o0 ,
> Bvary pi(h) = = “ng(l — ) > Bt +tip+ O(1&]%). (D.59)
t=0 t=0

Finally, calculating the discounted value of all future utility flows yields

o0
Wi = E; Z Brwi ik

k= O
1 1 A -
- EtZﬁ ~UcC) (50 ) ek = 7 50+ (1 =) [Ty = i)

+ %(0—1 +mn)[nvary §yr(h) + (1 —n) vary 9t+k(f)]>
+ ti.p. 4+ O(J|E]]%). (D.60)

Thus,

~ 1 — e . o - 2
Wi = _EUCCEf Z 5k((0 + 1) [crk — C]Z + (1 +mn(1 —n) [Ty, — Tkl
k=0

ot H2
+U(1+077)”(1 — ) (1 - “Hﬁ)ﬂt+k
F 2
+o(1+on)(1—n) 1- ctF)ogl — aFB) tF—&-k>
+tip. +O(JE]?). (D.61)

This expression is equivalent to equation (26) in Benigno (2004) with ¢ = 0, i.e., the
monopolistic distortion is perfectly neutralized by an appropriate subsidy, and with

=y

Dividing both sides by UcC, letting 3 — 1, and with ¢ = 0, the loss function can be
written as

Wi = —% <(p +n)var(C — C) + (1 +mn(1 —n)var(T; — Ty)

oH

_|_0‘(1 + UT])TZ (1 — OCH)(l — (XHﬁ) var 7TtH
F
+o(1+on)(1—n) (1-— (XF)OE1 —afB) var nf)
+tip.+ O(]). oo

This equation corresponds to equation (2.24) in the main text.
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D.5 Special case: o = af

When prices are equally rigid in the two countries (af! = af), the world welfare loss
function can be simplified further in a useful way.

When afl = af = «, it immediately follows that

Wi = —%UCEEt > Bk((P +1) ek — e+ (L +m)n(1—n) [Ty — Tt+k]2
k=0
[0, 2 2
+U(1—|—crn)(1 ~ o) (1= ap) [nnfrkJr(l —n) f+kD
+tip. +O(|E]?). (D.63)

The last term in square brackets can be modified in the following way:

nﬂtHz +(1- n)rrtF2

— (,thz + (1 — n)7rtH2> +(1—n) <n7rtF2 +(1— n)ﬂtFZZ

(. J (.
~~ ~~

__H2 _F2
=7 =T

= nzntHZ +n(1-— n)7rtH2 +n(1-— n)7rtF2 +(1- n)zﬂfz. (D.64)

Adding 2n(1 — n)nflnf — 2n(1 — n)nf nf and simplifying yields

naf + (1 —n)af =nPaft +2n(1 = n)yaf'af + (1 —n)?af
+n(1-— Tl)7TtF2 —2n(1 —n)mflal +n(1 - n)7rtH2
= 1127rtH2 +2n(1 —n)mllal + (1 - Tl)zﬂth

(nﬂtH—i—(l—n)ﬂf)z

+n(l—n) (nfz —2mflal + 7rtH2>

'

(f =)’

= <n7rtH+ (1 —n)nf)zj—i—n(l —n) <7rtF - 7rtH)2

w2 R2
T T

= 7rtW2 +n(1— n)ntRz. (D.65)
The world welfare loss function is, then, given by

- 1 — e . ~ ~ 2
Wy = _EUCCEt Z ﬁk((P +1) etk — C]Z + (1 +mn(1 —n) [Ty — Tkl
k=0

+0o(1+o0mn) = oc)‘(xl —af) [ﬂtvﬁ +n(l1— ”)”tRjkD

+tip. +O(E]?). (D.66)
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Dividing both sides by UcC, letting 8 — 1, and with ¢ = 0, the loss function can be
written as

Wi = —% <(p +n)var(Cy — C) + (1 +n)n(1 — n) var(T; — Ty)
+0(1+0n)(1_a)(1 —op) [Varntw+n(1 —n)varntR})
+tip.+O(&]7). (D.67)

This equation corresponds to equation (2.25) in the main text.

D.6 Version containing country-specific output gaps

The welfare loss function can be expressed alternatively in terms of the country-
specific output gaps instead of the consumption gap. This makes the analogy to the
closed-economy counterpart, which is expressed in terms of the output gap as well,
more obvious.

Inserting the gap version of the equations for aggregate demand

Y-y =0-n)(Ti-T)+& -G (D.68)
Yf — Yf = —n(Tt — Tt) + ét — ét (D.69)

into the weighted average of the squared output gaps yields
n(Y/ =Y+ (1 —n)(Yf =Y])> =n(1 —n)(T, - T)* + (G — C)%. (D.70)

Solving this equation for (C; — C;)? and inserting the resulting expression into equa-

tion (D.61) with ¢ = 0 yields

_ 1 - ; v ; %
Wi = —UCCE: Y 6" ((p ) [ (T = VHLO? + (1= m) (Ve — ¥
k=0

+ (1= p)n(1 = n) [Tigg — Tra]”
, att 2
+ U( + O'T))TZ (1 — OCH)(l _ OCHI3) 7Tt+k
of 2
+o(l+on)(1—n) A= “Fﬁ)nf+k)

+ ti.p. +O(JE]?). (D.71)
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Expressed in variances, the welfare loss function is then given by

Wi = =5 (04 m [var(ZH = T8 + (1 = n) var(TF — ¥F)]

(XF
+o(1+on)(1—n) )VaI‘T[tF>
+tip. 4+ O(||E]]). (D.72)

This welfare loss function closely resembles those in [Benigno and Benigno| (2006, eq.
21) as well as in Corsetti, Dedola, and Leduc| (2011, eq. 40).
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