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Abstract

This paper studies monetary regime choice between monetary union and flexible exchange rate
regime in a large open economy framework. The classical approach emphasizes that monetary
unions are inherently costly because a single interest rate cannot respond effectively to differ-
ent shocks of members of the union. Therefore, it is argued that countries with similar shocks
should establish a monetary union so that the cost of one-size-fits-all monetary policy is mini-
mized. This study reveals that when there are inefficient shocks (namely those which distort the
economy asymmetrically and break the ’divine coincidence’) and countries are large, the clas-
sical approach fails. In that case, monetary regime choice should depend on relative variation
(mean preserving spread) of inefficient shocks rather than proximity of shocks. A union implic-
itly imposes cooperation in monetary policy between its members. This cooperation improves
response to foreign inefficient shocks while it worsens responses to domestic inefficient shocks
slightly less in terms of domestic welfare. Therefore, a country chooses monetary union over
flexible exchange rate regime if variation of foreign shocks is close to or larger than variation of
domestic shocks. That is on the condition that losing exchange rate flexibility is not costly or
has a small cost. In this way, the domestic country ’ties the hand of the foreign country’ and
prevents foreign monetary policy actions which hurt domestic welfare. Both countries benefit
from cooperation provided by the union, if variances (spreads) of domestic and foreign shocks
are close enough. Then, a monetary union becomes Pareto Improvement. How close variances
should be so that monetary union is welfare increasing or Pareto Improvement, and welfare loss

or gain of losing exchange rate flexibility are contingent upon price rigidity and trade elasticity.
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1 Introduction

This study revisits monetary regime choice between monetary union and flexible exchange rate
regime in a large open economy (LOE) framework. The classical approach (Mundell (1961])) em-
phasizes that monetary unions are inherently costly because a single monetary policy tool cannot
effectively respond to different shocks of the members of the union. On the other hand, monetary
unions bring advantages in monetary policy and in tradeE] In this sense, the conventional argument
says that countries with similar shocks should establish a monetary union so that welfare cost of

one-size-fits-all monetary policy is minimized while countries enjoy benefits of a monetary union.

The key contribution of this paper is to show that in the existence of inefficient shocks (i.e shocks
which break divine coincidence (Blanchard and Gali (2007)))) and with countries large enough to
affect each other, the choice of monetary union should depend on relative variation (mean preserving
spread) of inefficient shocks, not to proximity of shocks as the classical approach advocates. A
monetary union is welfare increasing compared to flexible exchange rate regime if variation of
foreign shocks is close to or larger than variation of domestic shocks. That is on the condition that

adopting a common currency (fixed exchange rate) has low cost or is not costly at all.

The literature argues that a country ’ties its hand’ (gives up its monetary autonomy) by joining
a union to exploit benefits of the union (Giavazzi and Pagano (1988]); [Soffritti and Zanetti| (2008));
Clerc et al.| (2011))). Countries without credible monetary policy suffer from welfare loss because of
(i) inflationary bias & la Barro and Gordon (1983)), and (ii) insufficiency in managing expectations
(i.e discretionary monetary policy). They eliminate this welfare loss overnight by participating in
a monetary union with a credible monetary authority. |Giavazzi and Pagano (1988)) states that this

was the main motivation of many countries who joined European Monetary Union (EMU).

In this study, however, the main motivation of a country in joining a monetary union is to ’tie
the hand of the other’. When countries are large enough, monetary policy responses of a central

bank (CB) spillover to other countries and can damage their welfare, especially if the CB in question

'Dellas and Tavlas| (2009) summarizes costs and benefits of monetary unions and discusses the monetary unions
literature extensively.



disregards these spillovers. In that case, monetary union provides a tool to enforce a country to
consider welfare spillovers. Monetary policy implicitly imposes cooperation. The CB of the union,
maximizing overall welfare, works as a central planner except it is restricted with a single policy
tool and fixed exchange rate. It considers welfare spillovers unlike national CBs in flexible exchange
rate regime. Furthermore, strategic action to beggar-thy-neighbor (Corsetti and Pesenti| (2001)) in

flexible exchange rate regime cease to exist as monetary policy competition vanishes.

At national level, this cooperation particularly improves responses to inefficient foreign shocks.
In return, it worsens responses to domestic ones slightly 1essE| Therefore, a country suffering from
relatively close or larger variations of inefficient shocks in its neighbor prefers to establish a monetary
union. It consents to transfer its monetary autonomy by establishing a monetary union because it
expects larger welfare gain from other potential members losing their monetary autonomy. Since
this relation is reciprocal, a monetary union is Pareto Improvement if inefficient shocks of countries
have close mean preserving spreads. How close this spread should be and costs/benefits of fixed

exchange rate depends strongly on price rigidity and trade elasticity.

To show my results, I use a two-country dynamic general equilibrium model with nominal price
stickiness, producer’s currency pricing (PCP), and complete asset markets based on |Corsetti et al.
(2010)E| I compare two monetary regimes: monetary union and flexible exchange rate regime.
In monetary union, the two countries adopt a common currency. Furthermore, they delegate
their monetary policymaking capacity to a supranational authority which aims to maximize overall
welfare. In flexible exchange rate regime, policymakers play a strategic game. The CB of each
country maximizes welfare of their respective country and takes the other one’s actions as given.
Monetary authorities pursue monetary policy with commitment (they are credible) independent of

monetary regime.

As many models in the field, monetary problems I defined cannot be solved in closed form.

2 At international level, |Clarida et al.| (2002) shows that monetary policy cooperation weakly dominates monetary
policy competition.

ICorsetti et al.| (2010) constructs a representative agent new keynesian (RANK) model. T isolate this study from
recent literature on so called heterogeneous agent new keynesian (HANK) models, see for example Debortoli and Gali
(2017), [Kaplan et al.| (2018]), Bilbiie| (2018)), because I specifically seek possible (in)efficiencies brought by monetary
policy in monetary union and asymmetries across countries rather than (in)efficiencies originating from asymmetries
within countries.



Therefore, I rely on linear quadratic (LQ) approach in welfare analysis based on Benigno and
Benigno| (2006) and numerical analysisﬁ I inspect national welfare loss differences between the

monetary union and the flexible exchange rate regime.

This paper differs from the existing literature in two terms. First, it distinguishes between
efficient and inefficient shocks. Efficient shocks do not create trade offs between output and inflation
stabilizations. I use productivity shocks as efficient shocks in the model. With these shocks, the
conventional Mundellian criterion (as|Chari et al. (2019) calls it) remains intact. As Pappa; (2004)
also finds, both countries enjoy welfare gains in monetary union because they eliminate the beggar-
thy-neighbor effect. In return, they suffer from one-size-fits-all monetary policy because different
productivity shocks in each country require different monetary policy responses. As productivity

shocks across counties approximate, the cost of one-size-fits-all policy is minimized.

Inefficient shocks create trade offs between output and inflation stabilizations, i.e they break the
"divine coincidence’. I use markups as inefficient shocks in the model. They distort the economy
asymmetrically in the sense that a domestic shock hits only to the domestic aggregate supply
equation and vice versa. That is why a country suffers significantly from its neighbor’s responses
to such shocks in flexible exchange rate regime. Consequently, how large these shocks are in the
neighbor compared to domestic shocks becomes the main criterion for establishing a monetary

union.

In this respect, this study emphasizes the distinction between efficient and inefficient shocks in
monetary regime choice between monetary union and flexible exchange rate as|Groll and Monacelli
(2018)) and (Chari et al.| (2019) even though it substantially differs from these papers in terms of its

objective and its framework.

41LQ approach can broadly be summarized as welfare analysis using quadratic welfare criterion (social welfare
function approximated up to second order) and linearized (approximated up to first order) structural equations. Even
though dynamics of LQ approach is well determined, this analysis bears a particular difficulty. The standard method
to derive welfare criteria provided by Rotemberg and Woodford| (1998)), Woodford| (2011)), and subsequent works,
is insufficient to obtain an appropriate quadratic welfare criteria for each country and for overall economy together
using a single steady state. Yet, to compare monetary regimes, a unique steady state is necessary. Therefore, I rely
on an alternative method introduced by Benigno and Benigno| (2006)). Following |Benigno and Woodford| (2005), I
use second approximation of structural equations to derive welfare criteria. Once welfare criteria are obtained, I
proceed with linearized structural equations (approximated up to first order) to evaluate these criteria. Problems in
LQ approach is beyond the scope of the study. Therefore, for further discussions of the problem, I refer to |Corsetti
and Pesenti| (2001)); Kim and Kim| (2003); |Benigno and Woodford| (2006); [Woodford| (2011) Chapter 6.1.



Second, this study focuses on monetary unions of large economies. In SOE framework, the
domestic country is a SOE and the rest of the world (RoW) is a LOE. From the domestic coun-
try’s perspective, participation in a monetary union boils down to adopting completely RoW’s
policy. RoW (monetary union) remains indifferent to SOE’s participation in the union. Therefore,
monetary union turns out welfare decreasing without gains from credibility or trade. The cost of
monetary union increases as monetary policy responses in the union diverge from the responses the
domestic country requires. Consequently, even with inefficient shocks, the conventional argument
(countries with similar shocks should establish monetary unions) prevails (Clerc et al. (2011)).
However, in practice, countries establishing monetary unions may be sufficiently large to affect the

monetary policy in the union, e.g early members of EMU.

The rest of the study has the following structure. Section [2 describes the model. Section
explains LQ approach and presents welfare criteria and structural equations. Monetary policy is

solved in Section [ I provide numerical comparisons in Section [5} Section [f] is the conclusion.

2 The Model

In this section, I describe the two-country model with nominal price rigidity, producer’s currency
pricing (PCP), and complete asset markets based on |Corsetti et al. (2010)E| There are two countries,
Home (H) and Foreign (F'), and infinitely many households aligned between 0 and 1. H’s and
F’s shares in population are n and 1 — n respectively. A household j in country i produces
a differentiated good and consumes a bundle of domestic and foreign goods. It maximizes the

following utility function.

07 =Eoy B |U(C]) = V(w(i)s ab)] (2.1)
t=0

5The model is fairly similar the model of Benigno and Benigno| (2006)) and of |Groll and Monacelli| (2018). I isolate
this model from home bias and consumption preference shocks existing in |Groll and Monacelli| (2018 and government
spending in Benigno and Benigno| (2006). Compared to |Groll and Monacelli| (2018) and using its notation, the model
assumes Zcot = Z&, = 1, v =1—mn, and v* = n. Compared to |Benigno and Benignol (2006), it assumes s. = 1 and
G: = G{ = 0 Vt. Throughout the study, I adopt the notation of the latter paper for convenience as I follow it in
deriving welfare criteria.



V(y(4),al) = (aé)*n% is disutility from labor. ai denotes stochastic and country-dependent

productivity shocks, y;(j) is the differentiated goods produced by household j at time ¢ with inverse
elasticity of goods production n > 0. S € (0;1) is the intertemporal discount factor. U (Ct] ) =

(o
1—p

is utility gained from consuming goods and p > 0 is the inverse elasticity of intertemporal
substitution. Ctj is a Dixit-Stiglitz aggregator for household j’s consumption constituted of H’s

and F’s goods bundles.
Ctj — [nue(ci”)(e—n/e . n)1/9(0%t)(0—1)/9] 6/(6-1) (2.2)

6 > 0 is the elasticity of substitution of domestic and foreign goods (also referred as the trade
elasticity or the intratemporal elasticity of substitution). The model does not allow for home biasﬁ

Cqut is the bundle of differentiated goods of country H.

| N /(1)
J = — (0’—1)/0’
= [(n) /0 & (h) dh} (2.3)

C%t is the bundle of differentiated goods of country F.

Cy., = [( ! )1/”/”1Cj(f)(o—l)/odfr/(a_l) (2.4)

1—n

o > 0 is the elasticity of substitution across goods produced within a country. Let pi(k) be the
price of a differentiated good produced by a household k£ in terms of country ¢’s currency. Then,

the producer’s price index (PPI) of country H in terms of country i’s currency is

Pl = [(i) /0 ”%‘(h)”dh] e (2.5)

Similarly, PPI of country F' in terms of country ¢’s currency is

P, = [(lin) / 1pi(f)1‘”df] o (2.6)

For a similar model with home bias, T refer to [Faia and Monacelli| (2008).




The consumer price index (CPI) in terms of country i’s currency is

1

Pi = [nPi, ™" + (1 —n)Ph, |7 (2.7)

S; is the exchange rate at time t. I assume PCP meaning that sellers tag one price in their own

currency for their goods in all markets. Then, the law of one price (LoOP) holds[]
pe(k) = Sepi (k) vt (2.8)

(2.8) implies that P, = S, P Vt. In the absence of home bias, this means that purchasing power

parity (PPP) holds at any ¢t. T} = Ilj;‘i is the terms of trade. Then, CPI can also be written as

. 1
Pi=[1-n)+nT,'" )P,

L (2.9)
= [1-n)T, " 0] P},
The law of motion of the exchange rate is
T, Sy I
b= 2t By (2.10)
Ti—1 Si—1 gy
If the exchange rate is fixed, i.e AS; =0, (2.10)) becomes
Ti 7,

= =~ WVt 2.11
Tiv gy (2.11)

Households trade one-period nominal state contingent assets denominated in H’s currency.
vee+1 = v(RPTLRY) is the period-t risk adjusted price of an asset which gives 1 domestic currency if
htt1is realized, 0 otherwise. I assume asset markets are complete both within and across countries.
Households have identical initial (0) wealth. Then, consumption risk is perfectly insured between
all agents implying

cl=C, Vit (2.12)

"For simplicity, throughout the paper, I suppress superscripts of H’s currency and denote F’s currency with .

means pt (k) = Sipf (k)



—1
H’s one period nominal interest rate at time ¢ is (1 + ;) |:Et'Ut7t+1:| whereas F’s one period

-1
nominal interest rate at time ¢ is (1 +14}) = [Etvmﬂ Sg—“:l}

Household j is monopolistic producer of one of the differentiated goods. Total demand for the

differentiated good h produced at H at time ¢ is

yi(h) = (]D]ig’lt))ﬂ(Pgt)_eCt (2.13)

Similarly, total demand for the differentiated good f produced at F' at time ¢ is

ui(f) = (p;;i))o(?)ect (2.14)

Producers have price setting mechanism a la (Calvo (1983): Each producer is allowed to change the
price of its good at any period with probability 1 —«. A producer sets the price of its differentiated
product, p(j), to maximize the expected discounted value of its net profits taking Py, Pry, P

(or PI"_‘Lt7 Pﬁ,ta P}) as given. Pricing problem of a seller which can change its price at time ¢ is

(e}

U(C, ,
maE (o)’ [P (0 D) = Vo) (2.15)

7i+ IS an exogenous time-varying tax on sales of country 7. Optimal choice of pt(j) is

_ B 3o (aB) Vy (Werk(3); aeri) yesn (5)

Pe(d) TG (2.16)
By S5 o(aB)h i Pty ()

) _ (A-mt)(o=1) . . . . . . .
Mitrk = ——— is the time-varying markup shock of country i{°| Given Calvo price setting
mechanism, the evolution of the domestic price index of country ¢ is

Pyt ™ = aPy a7+ (L= a)p(i) 7 (2.17)

8Even though actual variation originates from sales tax, I will treat the model as if markups move stochastically
not sales taxes.



2.1 Monetary Regimes and Strategies

In this section, I describe monetary regimes and monetary policy strategies in these regimes. I
compare two monetary regimes: flexible exchange rate regime (F) and monetary union (M). To
be able to compare the two, I also define a transitory regime called cooperative monetary policy

with flexible exchange rate (C).

In F, two national CBs (monetary policymaker) exists, each is attached to a country. A CB
aims to maximize national welfare of the country it is attached to: Wy = fon U’dj for H and
Wr = f; Uidj for F. National welfare (sum of the expected discounted utilities of households

living in a particular country) of H is

Wy = EtZﬁ [ (Ceyr) — :L/ONV(ka(h);{Hk)dh] (2.18)

_EtZﬁ[ (Ctir) V(YH,t+k;ft+k)At:| (2.19)

n L —o(14n)
P, - /0 (pt()) is the price dispersion term of H. & =

P4

-0
where Y, = <PH’t) Cyand A, = L

{afl af, pll, uf' )} is the set of all exogenous shocks. Similarly, overall welfare of F is

Wr —EtZB [ (Crar) = V(YEpgn; Eeqr) As (2.20)

—o(14n)
<pt(f)> is the price dispersion term of F. The

—6 1
with Y7, = <P]I§t’t) Cy and Af = 1in/ e

n

price dispersion terms allows me to rewrite (2.16)) and (2.17)) as in Table|l] To maximize welfare of

its country, a CB chooses a strategy to set {II; ;}?°, at t = 0 and implements it using one-period
risk free nominal interest rate. It takes other CB’s strategy as given. Policymakers commit to their

strategies they declared at ¢ = 0. The exchange rate floats.

In M, H and F adopt a common currency and transfer their monetary policymaking powers to
the CB of the union. The new monetary authority chooses a sequence {Cy, Cf, Ya 4, Y, e, e 152

to maximize welfare in the union (W = fol U’dj) using a single risk free nominal interest rate. Wel-



Table 1: Law of Motion fo Price Dispersion and Optimal Pricing

—o(1+4n)
T—o

o—1
Price Dispersion A; = aAt_1HH7t"(1+7') +(1-a) <% (2.21)
oy e
Af = o Af I, 70 4 (1 - o) (%) (2.22)
. .. 1—ally,° 1 Tron
Optimal Pricing —2— = (% (2.23)
o—1
1—all%, o1 F* THon
e (15,) (2.24)

N———
S
v
o
s
>
N——
Q
L

o0 o(1+n) o0
— P, : _ P, .
Kt = EtZ(aﬁ)kaHk r]YH1t+kl+n (;’Tttk) 5 Ft = Etz(aﬁ)kLCt+k pYH,t+k( Stk

t Hetk Prik
k=0 k=0
%) P o(14n) ) P P o1
* — k, x —nyx 1+n Fit+k * k_1 —py* Fit+k Fit+k
K =E E (aB)¥ai, Yiiik Py, B =By E (aB) [ Cork Yigyn Prir PrF
k=0 ] k=0

fare in the union (corresponding to overall welfare, i.e W = nWg 4 (1 — n)Wg) can be written

as

W= B3 0 [U(Cuas) = 0V (Vinson @) de — (1= )V (V6] (225
k=0

In this setting, fixed exchange rate rule (2.11) immediately implies a single policy rate and a common
currency. In both regimes, F and M, CBs pursue monetary policies under commitment meaning
that they can efficiently alter expectations. This implies that credibility does not change across
regimes. Similarly, the model does not anticipate any auxiliary changes (trade, factor mobility etc.)

between the two regimes.

In this model, M differs from F in two terms. First, in M a common currency is adopted
meaning that a single monetary policy tool (nominal interest rate) remains. Second, the nature of
monetary policymaking changes. mIn M, monetary policy competition disappears and monetary
authority of the union aims to maximize overall welfare. In 7 CBs compete to maximize national
welfare. In order to separate the two effects from one another, a third regime, cooperative flexible
exchange rate regime (C), is defined. In C, exchange rate flexibility is preserved. However, mon-
etary policy in guided by a central planner (CP) who chooses {C, C}, Y, YF*,t,HH,uHF,t}?io to
maximize overall welfare W. This regime corresponds to the case when CBs cooperate to maximize
overall welfare instead of competing with each other for national welfare as in F. On the other

hand, C differs from M only in terms of exchange rate regime. In both cases, monetary authorities



aim to maximize overall welfare except in M the CB of the union is restricted with a single policy
tool. C provides a transitory monetary policy problem between F and M. By controlling welfare
difference between F and C, I distinguish the effect of monetary policy cooperation in M while

welfare difference between C and M enables me to observe the effect of fixed exchange rate in the

M.

3 Linear Quadratic Approach

Monetary problems defined in the previous section cannot be solved in closed form. Therefore, 1
rely on LQ approach. ﬂ To avoid spurious welfare comparisons in LQ approach, I must ensure (i)
welfare criteria appropriately rank policies in a monetary problem, and (ii) welfare loss functions

in different monetary regimes are comparable.

The latter condition requires that welfare loss functions and structural equations are approx-
imated around the same steady state. In Appendix I show that there exist zero inflation
deterministic steady state for F, C, and M and they are identical. Given the steady state, Table
shows linearized structural equations when g = 1. is the law of motion of the exchange rate

when the exchange rate is flexible. When the exchange rate is fixed, as supposed to be in M, this

equation is replaced with (3.10)).

The former condition requires that welfare criteria are quadratic to evaluate welfare gains from

different policies using linearized structural equations. Following Benigno and Benigno| (2006]), I

91L.Q approach can broadly be defined as to evaluate quadratic functions, obtained by approximating objective
functions up to second order, using linearized (approximated up to first order) structural equations.

10



Table 2: Structural Equations

Aggregate Demand C’t Eté’t+1 — 71(1'75 —Empe1 — (1 — n)IEtATtH) (3.1)
Cf =BeCppy — p7 ' (if — Eempoyyy +nEAT 1) (32)
Market Clearing Condition YHt =C, + 0(1 - n)Tt (3.3)
Vi, = Ci —on, (3.4)
Risk Sharing Cy = Cf (3.5)
Aggregate Supply Ty = BB i1 + Kk (Yirs — Ht) + (1 =n)ry (Tt ) +u (3.6)
7[;75 BEtWFt-s-l + K (YFt - YFt) —nk ¢(Tt w) + uj (3.7)
Terms of Trade T} — Tw = [(YH,t — YH,t) (YFt — YFt)] (3.8)
Exchange Rate (flexible) AS; = AT} + THt — Tpy (3.9)
Exchange Rate (fixed) 0= AT, + 7y — mf, (3.10)
ko= (p+ SIS w2 0+ ) St ¢ o= S = kB = i
Y, = Ci + (1 — n)oTy, Y, = G+ —nbTy, T = ﬁ[d]{t]; C, = (nnTp)(&th)’

AW s - ~R — & N W~ . ~R o A .
pay = npge + (1 —n)ipg, i = fog — g, @f = nagy + (1 —n)apg, @' = apy — apg.

derive welfare loss functionsm For w0 = TH0, H’s loss function is

- _7E025 D (Ve = V) Ay (Vi = V) 4 A (T = T8 4 Ay + Ayt
(3.11)

Similarly, for a given mpg = T, F’s loss function is

:_7150251&[ (Vire = Vi )7 + Ny, (Vi = V)24 5T = T))? + 2%, mre? +A,TF7T}2}

(3.12)

10A standard method for deriving a second order approximation to welfare criteria is presented by [Rotemberg and
Woodford| (1998), [Woodford| (2011)) and subsequent works. It requires second order approximation to social welfare
function around efficient deterministic steady state. When approximated around this steady state, linear terms in the
approximation vanish. However, efficient steady states in F and in M are different because of the contractionary bias
discussed in (Corsetti and Pesenti| (2001) and [Benigno| (2002)). Therefore, with this method a quadratic welfare criteria
can be derived only using different steady states. Then, the former condition is violated. I circumvent this problem
by adopting Benigno and Benigno| (2006)’s approach which in turn uses |Benigno and Woodford| (2005))’s method. I
replace linear terms in second order approximation to social welfare function with appropriate linear combination of
second approximation of structural equations. Structural equations of second order are used only to replace linear
terms in welfare criteria. Once I obtain quadratic objective functions, I return to linearized structural equations to
evaluate these functions. For further discussion of the problem, I refer to |Corsetti and Pesenti| (2001)), Kim and Kim!
(2003)), Woodford (2011)) Chapter 6.1.

11



Finally, for 7o = 7o and mpo = Tro

v = EOZf}t[ (Virg — Yi£,)" + (1= n) (Vg — Vi)
(3.13)

+n(1-— n)@(/}(Tt ) + —WHt + ijﬁt?]

K/*

with A = (04 ). Ayys Aygs Amys Amps A5 Aoy NS AL YV YR TR YV Y, T defined in
Appendix 7,0 and T are arbitrary but for loss functions to be comparable between monetary

regimes, under different regimes they must be identical. So, I impose that Tr o = Tro = OE

4 Monetary Policy

In this section, I define monetary policy problems in LQ approach and present analytical solutions.
In F, the CB of H maximizes (3.11)) subject to (3.6)), (3.7), and (3.8). First order conditions of

H’s monetary policy problem are

=y, (YH,t - YHhvt) + sk + 074071 =0 (4.1)

Ay, (Vg — Vi) + 956" — 97,071 =0 (4.2)

Ny THt — Ot + Ong1 =0 (4.3)

(T = T]) + Orp (1 — n)stp — 9% nk*p — Oy = 0 (4.4)

where U, Uy ;, ¥7, are time dependent lagrange multipliers for (3.6), (3.7)), (3.8) respectively.

Similarly, the CB of F' maximizes subject to , -, and B . ) to (4.4) along

with first order conditions of F’s monetary policy problem and with (3.6)), (3.7), (3.8 determine

all endogenous variables for a given path of exogenous shocks {£:}72,,.

1n fact, Benigno and Woodford| (2005) shows that this initial condition for inflation is compatible with monetary
policy from timeless perspective described in Woodford| (1999). [Benigno and Benigno| (2006 shows that initial condi-
tions for domestic inflation in two-country model is also compatible with monetary policy from timeless perspective.
However, to be able to compare the two monetary regimes initial inflation conditions must be identical in two mon-
etary regimes. Timeless perspective does not necessarily supports this condition. For a comprehensive explanation,
I refer to these two papers as well as [Woodford| (2011)) Chapter 6.5.

2Rirst order conditions of F’s monetary problem are identical to first order conditions of H’s monetary problem.
Therefore, they are presented in Appendix
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In M, the monetary authority of the union maximizes (3.13]) subject to (3.6)), (3.7), (3.8]), and
(3.10). For a = a* (equivalent to k = k*), the optimality condition of monetary policy problem of

M is

— o+ (1—n)mhy) = nA YV, — Vi) + (1 —n)A (Ve — YE,) (4.5)

(4.5) is identical to the optimality condition of monetary policy under commitment in monetary

union defined in (Groll and Monacelli (2018)). As in the previous problem, given &, all endogenous

variables are determined using (3.6, (3.7), (3.8), (3.10), and (4.5)).

Finally, in C the CP maximizes (3.13) subject to (3.6, (3.7), and (3.8). Monetary policy

problem in C differs from the problem in M only in terms of the exchange rate condition. In C,
monetary authority is not restricted with fixed exchange rate condition which imposes a
common currency. In that sense, monetary union can be considered as ’constrained cooperation’
(Pappal (2004))). Therefore, in terms of overall welfare, W, monetary union is always worse off than
(or can be at most as good as) C, a result already found in [Pappa/ (2004) and |Groll and Monacelli

(2018). However, this is not necessarily true for national welfare.

5 Welfare Analysis

In this section, I provide numerical welfare comparisons between M and F. Throughout the study,
I assume g = 1 and symmetric price stickiness, i.e @ = a*. 1 take discount factor S as 0.99. H’s
relative population, n, is 0.5. Average price contract durations are 3 periods: o = a* = 0.66.
The elasticity of substitution between differentiated goods, o, is 9 implying a steady-state markup
of prices over marginal costs of 12.5 percent. Following |Groll and Monacelli (2018), I set the
intertemporal elasticity of substitution, p, to 1 and the trade elasticity to 2. The value of n has
been a focus of debate in macroeconomics. Following (Gali et al. (2007), Christiano et al.| (2010)
and other others, I take n as 0.89. Nevertheless, I check robustness of results for alternative values
of n and results remain intact. I assume persistence of shocks are 0.7 and variations of shocks are

0.1. Table |3| summarizes the calibration. Unless stated otherwise, I use specifications at Table
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Table 3: Calibration

Parameter Variable name Value
6] Discount factor 0.99
p Inverse elasticity of intertemporal substitution 1.00
n Inverse elasticity of goods production 0.89
o Elasticity of substitution between goods produced in a country  9.00
0 Elasticity of substitution between H and F' goods 2.00
e Calvo parameter for i = {H, F'} 0.66
n Relative size of domestic country 0.50
Pi Persistence of shocks py, = pu, = pa, = pa, 0.70
o} Variance of shocks aih = aﬁ ;= agh =02 ; 0.10

First, I close productivity shocks. Only inefficient cost-push shocks {fig ¢, fir+};2 which create

a trade off between output gap and inflation remain (Clarida et al.| (1999))). Figure [1| shows H’s

welfare loss differences between M and F as a function of nominal price rigidity « for different

values of 6.

In the region above zero line, M dominates F meaning that welfare gains in M

outweighs gains in F. Below the zero line, 7 dominates M. I find that neither M nor F globally

Welfare Loss Difference (H)
T T

|- - -0=1.00 &

T
—t = 0.50 Ly

—-=-=f = 1.50 4

0.1 02 0.3 0.4 05 0.8 07 0.8 09 1
Price Stickiness (o = a*)

Figure 1: Welfare loss difference of H as a function of nominal price rigidity for the parametrization
given at Table [3| and for alternative values of 6.

dominates one another. It depends on parameters. For example, at § = 1, F dominates M for
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a < 0.56 in terms of H’s welfare. For 0.56 < o, M dominates F in terms of H’s welfareE

Dynamics of welfare change can easily be grasped by analyzing different parts which contribute
to welfare. Figure [2| presents contributions of different parts of the loss function of H as a function

of price rigidity for the specification at Table |3| At the limiting case of fully flexible prices (o =

Contribution of domestic output%%%ntry R =l

Contribution of foreign output gap

o 01 0z 03 04 05 0.6 07 0.8 049 1 0 0.1 0.2 03 04 0.5 0.6 0.7 08 0.9 1

Price Stickiness (o = a") Price Stickiness (o = a®)
Contribution of domestic inflation Contribution of foreign inflation
D2} | e MU ’/
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_— -
CoopNash i TR e

0 0.1 0.2 0.3 0.4 0.5 0.8 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Price Stickiness (o = o) Price Stickiness (o = a")

Contribution of terms of trade gap
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Figure 2: Contributions of the different parts to welfare loss function of H as a function of nominal
price rigidity for the parametrization given at Table

a® = 0), prices compensate any exchange rate inertia and monetary policy shock independent of
underlying parameters. Therefore, monetary regime becomes irrelevant. As a — 0, output and
trade gaps in M and F (also in C) converge to each other. For the same reason, both domestic and
foreign inflation contribute 0 as o — 0. Figure [I] demonstrates that welfare loss difference between
F and M disappears as a converges to 0 for any level of trade elasticity. Domestic and foreign
PPIs have U-shape non-monotonic contribution. They do not have any contribution to welfare
when prices are fully fixed just like when prices are fully flexible. That is because under full price
rigidity (o« = o* = 1) inflation is always 0 irrespective of monetary regime. In M, the terms of

trade converges to 0 as a — 1 for it depends only on domestic and foreign inflation under fixed

exchange rate as can be seen from (3.10f). Under flexible exchange rate, however, the terms of trade

3In the Appendix |C| I provide the same figure for F. By symmetry of parameters and shock processes, F’s
welfare loss difference is similar to H’s. Nevertheless, it is also possible that M dominates F for a country while F
dominates M for the other. I provide such examples in Section
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depends also on exchange rate which is affected by monetary policy which in turn changes output.

Therefore, welfare loss difference do not necessarily converge to 0 when o — 1.

A key point derived from Figure[I]is that a monetary union can be welfare increasing or Pareto
Improvement (together with Figure [12]in the Appendix |C]) even in the absence of auxiliary gains
from establishing a monetary union such as credibility or trade. It is expected that transferring
monetary policymaking power to a new CB whose objective is not solely maximizing welfare of do-
mestic country has a welfare reducing effect. However, losing monetary autonomy is not necessarily
welfare reducing in the context of LOEs. In the next chapter, I show that this is because a monetary
union inherently imposes a cooperation between its members. A country may choose to abandon
its monetary autonomy because it expects welfare gains from the foreign country transferring its

monetary autonomy to the CB of the union.

5.1 Monetary Union as a Cooperation

In this chapter, I show that main national welfare difference between the monetary union and the

flexible exchange rate regime originates from inherent cooperation imposed by the union.

5.1.1 A special case

To give an intuition, I begin by analyzing the specific case of p = 0 = 1, i.e the intertemporal
elasticity of substitution is equal to the intratemporal elasticity of substitution and both are equal
to 1. In this case, the terms of trade is insulated from welfare criteria, i.e. Ay = Aj = 0. Welfare

loss function of H iﬂ

- 1. . Z, 2 Sw Sh 2 %
Wi = —5Eo > B [)‘yh (Ve — Yiia)™ + Ay (Vig = Vi)™ + Amyms” + )‘”fWF’tZ] (5-1)
t=1

“Double tilde refers to the respective values evaluated at p = § = 1. In Appendix I present Y/I?,/n ?%7 Y/Hh,t:
Y, Vi, Yi, explicitly.
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Similarly, welfare loss function of F' becomes
ﬂEoZﬁt[ (Vire = Vi) + X5, (Vg — YE)7 + Xoy a5, 7y ] (5.2)

Furthermore, the terms of trade is eliminated from aggregate supply equations because ¥ = 0.

(3.6) boils down to

THy = BEimhH 41 + H(?H,t - ?ﬁt) + ut (5.3)

(13.7) becomes

Tre = BEeTr g + K (}A/F,t - ffﬁt) + uf (5.4)

This means that in F, monetary authorities cannot change the other country’s variables through
the terms of trade. A national monetary authority is able to set only its own output and PPI.

Therefore, objective function of H’s CB is

= 2
L= —onZﬁ[yh (Vatg = Vi )P + Az (5.5)

Objective function of F’s CB is

= —*EOZ/Bt{ (Vire — v/ ) + A% TR } (5.6)

In this special case, I am able to distinguish the objective function of a national CB from welfare
loss function of its country. ( ) is the part of . . that domestic monetary policy
can affect, i.e domestic output and PPI. The rest, foreign output and PPI, is under the control
of the foreign CB, therefore, it is outside of the domestic CB’s objective function. Consequently,
monetary policy problem of H is to determine a path for {}A/Hyt, THt} 5o to maximize subject

to (5.3)). The optimal condition for this problem is

— O'7TH7t = A(YH,t — ):/Ifll,t) (57)
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The CB of F' determines {Yl;k,tﬂ-r},t}?io to maximize (5.6)) subject to (5.4). Optimality conditions
for the CB of F’s problem is

—ompy =AYy — YE,) (5.8)

(5.7) and (5.8) pin down all endogenous variables along with (5.3) and (5.4]). Obvious from ([5.1))

and ([5.2), national welfare still depends on monetary policy decisions of the other country.

The first best monetary policy for H, on the other hand, can easily be found by determining

the path of {}A/Hyt, }A/F,t, THt Thy b Which maximizes Wy, Optimality conditions indicate

—O'7TH,t = A(YH,t — {/I}},t) (59)
—O'7TF7t = A(Yﬂt — }:/F}’L,t) (510)

(5.9) and (5.10]) combined with (5.3) and (5.4 pin down all endogenous variables. Comparing (|5.7))
and (5.8) to (5.9) and ([5.10]), the relationship between domestic output and domestic PPI matches

with the first best choice of H as it is decided by the CB of H itself. The relationship between
foreign output and foreign PPI, however, is not the first best for H because it is chosen by the CB

of F to maximize L*.

In C, the CP maximizes overall welfare ﬁ/

z = PN — - = . = on o(l—mn) ,
IV =W = _%EOZN [n(YH,t —VEN) 4+ (L= n)(Viy — V)2 + i (R*)ﬂm?}
t=1

(5.11)
?Z“‘g corresponds to the sum of output targets of H and F' averaged by population. The CP chooses
a path for {?H,t,YF’t,ﬁH,t,TrEt}fio which maximizes W subject to (5.3) and (5.4). Optimality

conditions are

—ongy =AY, — Y, (5.12)
—O'7TF,t = A(YF¢ — Y/ﬁt) (513)

In C, H diverges from the first best relationship between domestic PPI and domestic output.
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Consequently, H loses welfare with this new cooperative equilibrium in terms of domestic parts, L.
On the other hand, (5.13) improves welfare compared to ([5.8) because the CP tries to stabilize F’s
output at a level closer to H’s target compared to CB of F’s target. If welfare gains from (5.13)

with respect to (5.8)) outweigh welfare losses from ([5.12]) with respect to (5.7)) this loss in autonomy
benefits H.

In M, the monetary authority of the union chooses {YH,t, Ypyt, THt, Tp,} to maximize LV as

in C but is additionally restricted by fixed exchange rate (3.10). The optimality condition is
—a(mrH,t +(1- n)TrF,t) =nA (f/Ht - ?ﬁt) +(1- n)A(YEt — Y}”t) (5.14)

Single policy tool restraints monetary policy in M compared to C in the following way. For example,
in the special case (p = # = 1), a foreign markup shock does not require any change in domestic
interest rate as it is independent to domestic monetary policy. However, in M, stabilization in
domestic (foreign) output and PPI cannot be insulated from foreign (domestic) output and PPI:
H’s variables are automatically affected from a monetary response to F’s markup shock even
though it would have been unnecessary if the exchange rate was flexible. Nevertheless, the targets
are identical to the targets in C. Consequently, M inherently imposes cooperation albeit less

efficiently due to single monetary tool and fixed exchange rate.

Figure [3] depicts impulse responses of H’s domestic and foreign output gaps, domestic and
foreign inflation, and the terms of trade gap to a domestic markup shock under F, C and M
given the specification at Table |3| except I set 0 = 1@ In F, a positive shock to H’s markup
pushes inflation and the terms of trade upwards. Foreign output and foreign inflation does not
move because the terms of trade is insulated from aggregate supply relation of H (meaning that
the terms of trade does not affect F’s output and PPI) and from welfare losses. Therefore, F’s
monetary authority remains unresponsive to a markup shock in H. The CB of H responds to
cost-push shock optimally considering its output gap, YH,t — 1:/}}}7” and domestic PPI, g ;. In C,

a positive shock to H’s markup pushes the terms of trade and the domestic PPI upwards. F’s

15, is 1. Therefore, I obtain p = 6§ = 1 when I set § = 1. Furthermore, I note that in the absence of prductivity
shocks T} = 0 for i € {H,F} and Yz, =0 for i € {H,F} if ip: = 0.
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Figure 3: Impulse response functions of a positive domestic markup shock (/i) for the parametriza-
tion at Table [3| with 6 = 1 (% deviations from steady state).
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Figure 4: Impulse response functions of a positive foreign markup shock (fi5) for the parametrization
at Table [3| with 6 = 1 (% deviations from steady state).

output and PPI remain unchanged again because mark-up shock in H does not affect F’s output
and PPI in any way. However, H’s CB, cooperating to maximize overall welfare rather than its

own country, stabilizes output to minimize deviation from domestic output target of the overall

economy, Y;j” ;» rather than domestic output target of H, ?&r This causes a higher deviation for

H from its own domestic output target. Consequently, cooperation causes loss in welfare for H
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when a domestic markup shock hits the economy. In M, a response to a shock (an interest rate
increase or decrease) to stabilize H’s output and inflation automatically incites an unwanted shift
in foreign output and inflation. Therefore, CB reacts less aggressively then it does compared to C.

This, in turn, tempers H’s loss from inefficient response of domestic output gap.

Figure (4] presents same graphs for a positive foreign markup shock. This time, with the same
reasoning, C improves H’s foreign output gap. In M, H gives away some its improvement in C.
Nevertheless, in M, H experiences a smaller deviation from its foreign output target compared to

F.

Figure [5| shows contributions of different parts for the same specification. I observe that C

Contribution of foreign output gap

try H (6 = 1.
Contribution of domestic output%%%n oy H )
= 0
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Price Stickiness (o = o) Price Stickiness (o = a*)

Figure 5: Contributions of the different parts to welfare loss function of H as a function of nominal
price rigidity for the parametrization given at Table |3|and 8 = 1

strongly improves contributions from foreign output gap while damaging welfare from domestic
output gap. The improvement on the former comes from the fact that cooperative policy considers
effects of F’s output and inflation on H and deterioration on the latter originates from cooperative

policy in turn considering effects of H’s output and inflation on FE

5.1.2 General Case

I switch back to the specification at Table |3 (I set § = 2). The terms of trade affects both

countries through aggregate supply equations. It is also in welfare criteria. Figure [6] presents

16Tn fact, improvement in welfare is in contribution of sum of foreign inflation and output gap, i.e the part L does

not cover in Wy, whereas the deterioration is in sum of domestic inflation and output gap.
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impulse responses of H’s domestic and foreign output gaps, domestic and foreign inflation, and

the terms of trade gap to a positive domestic markup shock in F, C, and M. In F, a domestic
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Figure 6: Impulse response functions of a positive domestic markup shock (/i) for the parametriza-
tion at Table [3| with § = 1 (% deviations from steady state).
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positive shock generates domestic inflation and an increase in the terms of trade due to increase in

domestic prices. This time, different than p = 6 = 1 case, a change in the terms of trade affects
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F’s output and PPI. Therefore, the CB of F' responds by increasing inflation in order to adjust
to the change in the terms of trade. This reaction moves F’s output and expands H’s foreign
output gap. In C, through the same mechanism I described in the previous section, deviation from
domestic output target increases, however, deviation from foreign output target decreases. When
a positive foreign markup shock hits the economy as shown at Figure [7} C improves responses in
terms of domestic and foreign output gap compared to F. Furthermore, in both shocks, C generates
less domestic and foreign inflation than F. In M, output gaps (except the domestic output gap
when domestic markup shock hits) and PPIs are larger compared to C. Nevertheless, they are still

improved relative to F in terms of H’s welfare.

Looking at Figure [2] it is clear that gains in M originates from foreign output gap whereas
losses are from domestic output gap. Figure [§| shows welfare loss difference between C and F as
a function of price rigidity for different values of §. Above the zero line, C dominates F and vice

versa below the zero line. Comparing Figure [1| to Figure 8] I observe that cooperation constitutes
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Figure 8: Welfare loss differences of H between C and F as a function of nominal price rigidity for
the parametrization given at Table 3| and for alternative values of 8. Above the zeroline C, below
F dominates.

main gains from monetary union.
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5.2 Trade Elasticity

Welfare loss differences between monetary regimes are strongly related with the elasticity of sub-
stitution of domestic and foreign goods 6. The trade elasticity should be considered in two levels:
First, as substitutability between international goods decrease, outputs become less sensitive to
fluctuations in the terms of trade which can be observed from . Therefore, the effect of coop-
eration on welfare diminishes. In the limiting case § — 0, each country consumes a constant share
of domestic and foreign goods. Second, as 6 decreases, inefficiency in the adjustment of the inter-
national relative prices increase which in turn, coupled with price rigidity, puts more importance
to exchange rate regime. The effect of trade elasticity on monetary regime choice depends on the

interplay of the two forces on welfare.

With symmetric parameters presented at Table [3] and symmetric shocks, as 8 increases national
welfare loss difference shifts on behalf of M as can be observed from Figure[l} However, this cannot
be generalized. For example, Figure [J] presents welfare loss differences of H between M and F,
M and C, and C and F as a function of trade elasticity when variation in H’s markup shocks is

relatively high. Fixed exchange rate becomes costly as trade elasticity increases. On the other hand,
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Figure 9: Welfare loss differences of H as a function of trade elasticity for parametrization given
at Table |3| when variation in F’s markup shocks is relatively high (o, = 0.4, 0, = 0.1).
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the cost of cooperation surges as the trade elasticity increases up to 8 = 2.05. After this point, the
cost starts to decrease and eventually cooperation becomes welfare increasing. As a composition
of the two forces, the effect of trade elasticity on welfare loss difference is not monotonic. It is
also possible that the cost of fixed exchange is non—monotonicﬂ Therefore, depending on relative
variation of mark-up shocks, it is possible that higher trade elasticity causes flexible exchange rate

regime to dominate monetary union.

5.3 Shocks

I have shown that main welfare gain in M comes from responses to foreign markup shocks whereas
the main welfare loss derives from responses to domestic markup shocks. Therefore, welfare loss
difference shifts on behalf of M as foreign markup shocks vary more than or close to domestic
markup shocks. Figure [10| and Figure [L1| show welfare loss difference of H and F' respectively for

alternative standard deviations of H’s markup shocks. Under our specification, as variation in H’s
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Figure 10: Welfare loss differences of H as a function of nominal price rigidity for the parametriza-
tion given at Table [3| and for alternative standard deviations for H’s shocks (o, ).

markup shocks outweighs variation in F’s markup shocks, F becomes preferable for H. That is

Tn Appendix [C} T present welfare loss difference of F between M and C as a function of the trade elasticity for
the same specification in Figure[9] The cost of fixed exchange rate decreases with the trade elasticity up to 6 = 1.1,
than it starts increasing with 6.
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Figure 11: Welfare loss differences of F' as a function of nominal price rigidity for the parametriza-
tion given at Table [3| and for alternative standard deviations for H’s shocks (o, ).

because H prefers to dismiss F' when it responds to large domestic markup shocks. It is willing
to bear the relatively small (because F’s markup shocks are close to or smaller than H’s markup
shocks) cost of F’s monetary responses which ignores H’s welfare. If variation in F’s markups
is high but H’s markup is low, then H particularly suffers from markup shocks in F' because F
disregards welfare spillovers of its policy actions. Then, H prefers M over F because in M the
CB considers welfare spillovers of F’s shocks on H and responds accordingly. In this way, by the
nature of monetary union, H compels F' to cooperate in monetary policy. A direct reference to
'tying one’s hand’, I call this 'tying the other’s hand’. Since this mechanism applies to F' as well,
M becomes preferable for F' as variation in H’s markups increases and vice versa. Consequently,
if variation of markup shocks are close in H and F', then monetary union is Pareto Improvement.
For example, if 0,, = 0.3 and o = o* = 0.5, then H prefers F but F' prefers M. In fact, when
oy, = 0.3, monetary union is welfare decreasing for H at any level of price rigidityE However, for

oy, = 0.2, monetary union is Pareto Improvement if 0.19 < a.

B1n fact, Figure and Figure exemplify many cases in which M is preferable for a country but not for the
other.
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5.3.1 Productivity Shocks

Unlike markup shocks which distort the economy asymmetrically (through aggregate supply equa-
tions), productivity shocks create symmetric deviations from targets: for example a positive pro-
ductivity shock in H or F' causes the same deviations from inflation and output targets for H and
F' but in the opposite directionsE Therefore, differences in the mean preserving spread of produc-
tivity shocks are irrelevant to monetary regime choices. Cooperation becomes beneficial only to
terminate beggar-thy-neighbor effect. In return, a single interest rate fails to respond optimally to
two different productivity shocks. However, optimal monetary policy responses converge as shocks

become similar.

Consequently, I reaffirm Pappa (2004)’s findings. A country exploits cooperation in monetary
union but suffers from losing exchange rate flexibility or from one-size-fits-all monetary policy.
As variation in productivity shocks increases both the need for cooperation and for flexibility in
exchange rate surge. The choice of monetary regime depends on whichever dominates the other
which in turn is determined by model parameters, e.g price rigidity and trade elasticity@ However,
for a given variation of productivity shocks, the cost of fixed exchange rate decreases as shocks

become similar.

If p =60 = 1, then monetary union is welfare decreasing in national level (implying that it
is welfare decreasing economy-wide). That is because domestic output targets of both countries,
therefore, cooperative targets coincide, (ii) gains from shifting the terms of trade is 0. Then,
F mimics C’s allocations. M, being a constrained C can produce welfare only as high as C. If
productivity shocks are perfectly correlated, then welfare loss difference between F and M is 0

because in addition to (i) and (ii) inefficiency due to having a single policy tool disappears.

However, with markup shocks along with productivity shocks, results remain unchanged@ If

¥Tmpulse response functions are presented in Appendix

2°In Appendix I present welfare loss differences between M and F as a function of price rigidity for various
calibrations when only productivity shocks exists.

2In Appendix I present welfare loss differences of H and F' as a function of nominal price rigidity for the
parametrization given at Table [3] and for alternative values of . Variances of markup and productivity shocks are
equal as presented in Table E}
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variance of productivity (efficient) shocks outweigh variance of markup (inefficient) shocks, the clas-
sical criterion stands: Countries with similar shocks should establish monetary unions. Otherwise,
if inefficient shocks dominate the economy, countries should form a monetary union depending on

relative variation (mean preserving spread) of these shocks.

6 Conclusion

This paper explores monetary regime choice between monetary union and flexible exchange rate
regime in a LOE framework. I construct a two-country dynamic general equilibrium model based
on |Corsetti et al. (2010)). I introduce two shocks: productivity shocks (efficient) which do not
create trade offs in macroeconomic stabilization, and markup (inefficient) shocks which cause trade
offs between output and inflation stabilizations. I assume that in flexible exchange rate regime,
national CBs compete to maximize welfare of their own country. In monetary union, the CB aims
to maximize overall welfare. In both regimes, monetary authorities are credible, i.e they pursue
monetary policy with commitment. The model cannot be solved in closed form, therefore, I rely

on LQ approach following Benigno and Benigno| (2006 and numerical analysis.

The classical approach argues that monetary unions should be established between countries
with similar shocks. This study reveals that proximity of shocks is not a good criterion when there
are inefficient shocks creating asymmetric trade offs in macroeconomic stabilization and countries
are large enough to have an impact on each other. In that case, monetary regime choice should

depend on relative variation (mean preserving spread) of inefficient shocks.

In flexible exchange rate regime, a country suffers significantly from foreign monetary author-
ity’s policy responses to foreign inefficient shocks. Monetary union, however, inherently imposes
cooperation in the sense that the CB of the union takes into account welfare spillovers across coun-
tries. Cooperation improves responses to foreign inefficient shocks whereas it worsens responses
to domestic ones slightly less. Therefore, a country chooses to establish a monetary union with

another if variation of the foreign country’s inefficient shocks are close to or larger than variation of
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domestic inefficient shocks on the condition that adopting a common currency (fixed exchange rate)
has low cost or is not costly at all. In this way, a country uses the union as a tool ’to tie the hand
of the foreign country’, i.e to compel the foreign country to cooperate and to consider monetary
policy spillovers. Since this is a reciprocal relation, a monetary union is Pareto Improvement if
inefficient shocks of its members have close mean preserving spreads (variance). How close these

spreads should be depends strongly on price rigidity and trade elasticity.
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A Appendix for the Model

A.1 Deterministic Steady State

In this part, I show that there exist a zero-inflation steady state for deterministic problem of F,
C and M. If government spending is closed i.e, Gy = Vt and G = 0 (equivalent to s, = 1), then
Benigno and Benigno| (2006)’s model boils down to my model. Flexible exchange rate regime (F)
and coopertive regime (C) in my model correspond to non-cooperative regime and cooperative

regime in Benigno and Benigno| (2006) respectively. Therefore, following |Benigno and Benigno

Fg

o, . . . T x _ % . 7 * _ Jo*k F _ _
(2006)), it is trivial that for Fy = Fy, Fy = F§, Ko = Ko, K = K{ such that I—(—% =1 and Kr = 1,
there exist a zero inflation steady state for F and C. This steady state can be identified by
a(C +G) = g O (A1)
Vi = Ve =Y = C (A.2)
F=R—plcry (A.3)

Then, I must show that M has the same deterministic steady state. M differs from C only in
terms of exchange rate regime: it additionally has fixed exchange rate condition (2.11)). Therefore,
in order to show that M has the same steady state, it is sufficient to prove that this steady state

satisfies ([2.11]) H To show that, I take the fixed exchange rate condition.

T, S g,

Tio1 Si—1Upy

Py Py S 1y

Puy Priy Spo1 Iy

Ppy Py P_1 Py Sy gy

P, PyyPry1 Po1 Sioa gy

22This comes from the following result: Let z* = arg max f(z) subject to g(z) = 0 and also let h(z*) = 0. Then,
z* = argmax f(z) subject to g(z) = 0 and h(z*) = 0.
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Given the steady state variables, the above equation becomes

St
Si—1

=1 WVt

— AS; =0 Vit

Then, the steady state defined above satisfies (2.11)) meaning that M has the same zero-inflation

steady state as F and C and it is the one defined above.

A.2 Structural Equations

I derive structural equations provided at Table |2l Aggregate Supply relations and , and
the terms of trade - output relation are derived in |Benigno and Benigno (2006). I additionally
derive risk sharing condition, aggregate demand equation, market clearing conditions and law of
motion of exchange rate.

By market completeness assumption and consumer’s problem, for any household pair {j, k}

i _ —Cg Vit
ck.,  CF
t+1 t
cl
= — = — Vit
cF  Cck

Ex-ante identical household assumption leads to C’f =CF = G =0Cr
For aggregate demand equation, I refer again to consumer’s problem. By (Woodford, 2011, Chapter

2), I find that
Cy™? P

— = (141!
tCt+1_p Py ( t)

.. . x—p PrX . . .
Similarly, I have (1 +4})~! = E, CC} ,pp £+, Using (2.9), the above equation can be written as
t+1 t

1
C,~° [n +(1- n)TtHl_e =0

By ——— I
Ciyr1™” [n+ (1 — )T ~0) =0

M1 = (1+d) " (A.4)
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P

—0
I log-linearize market clearing condition Y = <]I§tt) Chr . 1 rewrite this condition as follows:

-0
1

Y}}Hﬂf = éét + (1 - n)@C’Tt

=YYy =CC + (1 —n)0CT, (A.6)
= Y =Ci +0(1 —n)T; (A.7)

The foreign counterpart is

YF,t = ét - GnTt
Law of motion for exchange rate is the following;:

Prt Pri1 _ S¢ Ppy Py

Puy Ppg—1 Si—1 Prg Ppy g
T _ S I,

Tio1 Si—1 Umy

= (A.8)

The above equation is law of motion for flexible exchange rate. First order log-linearization of (A.8|)
is (3.9). When exchange rate is fixed, I have S; = S;_1 Vt. Then, I have the following condition.

T; _ H*F,t
Ti1 gy

(A.9)

Similarly, (3.10]) is loglinearized (A.9)).

A.3 Welfare Criteria

Welfare criteria are identical to the ones in Benigno and Benigno| (2006). Nevertheless, for conve-

nience I provide a sketch of derivations. For details, I refer to Technical Appendix of the relevant
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paperﬁ Second order approximation to period t utility is

wy = UcC | Oy + (11— ﬂ)étQ - ﬂilYH,t

1 ) S P
a1+ n)YH,t + i naYmy
i (o™t 4 m)varygi(h)

+tip+O([¢])

Using (Woodford), 2011, Chapter 6), I find that

t ~ h — t ~ h — 2 t 2 —_ t 2
;:0/3 varpii(h) ;:Oﬂ vary i (h) R+ m])a ;:05 THt Rt on) ;:05 TH

Merging the two equations above and summing over ¢ with discount factor 3, I obtain

Wi =UcCEy Y _f" [Ct + (1= p)C? — i Wiy
t=0
1 ~ A
= B (L)Y + i naYa,
1
- 5/710/9717@1,3

+t.ip+O(/[¢])

(A.10)

(A.11)

(A.12)

I keep following [Benigno and Benigno (2006) for the rest of the derivation. It basically requires

second order approximation to structural equations and incorporating them into second order

approximation to utility to cancel linear terms

o
1- _
Wy = —§UcCEOZﬂt [41Que + 201Qeks + G, Tra” + Ty
t=0

_ 1 1
—UcCG [aymo + agéo + 596614550 + §a7rh7rH,02]
_ 1 1
— UcC [0 + blo + 51?63550 + ibwaF,oﬂ

Ko+ t.ip+O([¢]])

23The technical appendix can be found at http://personal.lse.ac.uk/BENIGNO/
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where Ky = UaoC [Clvo + CQVO*] and z; = [YHt C, DH t Yﬁt C’;‘ Dy Tt} Following the same process

for foreign country I have

o0
1 r7 *
Wr = —§UOCEo§ B [ Qe + 201Q¢& + ¢, Tr A + a5, Ty
t=0

_ 1 1

—UcC(j [a;xo + aéfo + §$6A§§0 + §a7rh7TH,02] (A.14)
_ 1 1

— UcCG [byao + o + 5bnggo + §bﬂf7rF,02]

Kg + tip +O(|[€]1%)

where Kj = UCC’[CTVO + C;VO*]. Then, again following Benigno and Benigno (2006)), I obtain

= _*EO Zﬁ [ Yn YHt 171]},02 + Ayy (?F*,t - ?If“l,t)Z

r * Al

—l—)\q(Tt—T ) + Amy THA + AnpTE, 2] (A.15)

+ Ko + tip+ O([I¢]]*)
:_71[«:02&[ (Vire — Vi) 2+ 05, (Vi — VL)

—i—)\*(Tt T ) +/\;krh7THt —i—)\ﬁFﬂ}?tQ] (A.16)
+ K+ tip + O(||¢]]*)
Welfare criterion of monetary authority of the union is

W=-"LE S st [n(YHﬂg —VE) (L =n) (Ve — V4)®
t=0
(A.17)

Ky +tip + O(|[€]]°)

where K" = nKo+(1—n)K{§. Vp and V' are defined in|Benigno and Woodford| (2005)) and [Benigno
and Benigno| (2006)). They depend on ¢ = 0 inflation and on monetary policy in succeeding periods.
They are constituted of t = 0 inflation, and output at ¢ = 0 and in succeeding terms. This means

that they depend on monetary policy. Let Vj and V' be given, then Ky, Kj, and K(‘{V are also
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determined. It follows that first order approximations to Vp and Vi are mp o and 7y, respectively.

Then, conditional on 7y o and 7%, I have

1 e R ~ R i

Wi = _§EO Z g [Ay” (Ve — Ylg,t)Q + Xy, (Yie — Yf}«},t)Q
t=0

+A ( Tt ) + >‘7rh7['H,t2 + )\ﬂFﬂ'}’tQ] (A.18)

+tip+O(E]P)

:_7}«3025{ (Vs = Vi) + A5, (Vi — V)

x (T 7 * * * A19
F (T~ T+ N+ AWFWFJQ] (4.19)

+tip+O([¢])

o(l—n) , 2] (A.20)
+t.ip+O(/[¢])

Weights of output, inflation, and the terms of trade targets are

A = X2 [1= (1= m) S| X, = n[xyien)]

by = -] T
Ag=(1—-0p)0(1—n) [n 1(1;797) +(1—n) 11+1;99} Ne=(1- Qp)gn[(l —n) 98:72) + nllf_nge}
n = £ 15 %, =

ey = £ -4 3, = 7[ - 4 i)
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Output and the terms of trade targets are

~ 1 1 1-0+4+n0(1+n) —n(l—n)1—20p). (I —=n)nn(1—pbh) . (1 +mn) .
h
= = 1—n)—— 1
Ht o {7] 1+ 00 amg + 1+ 0 aps + ( n) 1470 ,uH,t]
(A.21)
~ 1 1(1=n)nn(l—ph) . 0(1+n)—n(1l—=06p). O(1+mn) .
h
= — 1-— —(1-
Fit )\yf [ 1+ 00 amt + ( n)n 1410 ap; — ( n) 1170 MF,t}
(A.22)
~ 1 1-46
h— + Prn
Tt = /\q 91 T 779 (GH,t ap,t) (A.23)
s L 61+n)—(1-n)1-0p). (1 —n)nn(l—pf) . 0(1+mn) .
;o= _
Ht = N [""7 1410 ag + 1+ 10 Gp —n— a7 [ (A.24)
~ 1 1(1—n)nn(l—pb) 1-0+(1-n)f(1+n) —n(l—-—n)(1-06p), (1 +n) .
g
TN [ T+ne et 1+ 70 R prpery “Rt]
(A.25)
~ 1 1—6p
7= G — 0 .
i /\277 1+779<aH7t aryt) (A.26)

Below, I also present national targets when pf = 1. Beware that this is different than p =60 =1

case.

= 17 1—0+n0(1+n). 0(1+1n) .
h o= 1—n)2 0 A2
=3, [’7 e cmet -5y “’Hvt} (4.27)
: 1 0(1+n). 0(1+n).
h = 1— — (1 — A2
Pt 7)\yf [( n)n L0 apy—(1—n) 100 MF,t} (A.28)
Th = 1 (ams — ape) (A.29)
(I=n)nO(1+n)+ (1 -n)(1-0)" ’
s 1 0l+n).  6(1+mn).
Ht = )\;;h [m] 1410 agt—mn 1410 ,UH,t} (A.30)
o1 1—0—1—(1—n)0(1+17)d 0(1+n) .
=15 t +n HE ¢t (A?)l)
Fi )\yf[ 1476 1+4+n6 ]
[/ = n (s — apy) (A.32)

n((1 —=n)0(1+n)+n(l—40))
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B Appendix for Monetary Policy Problems

The conventional approach is to assume that countries are at steady state for ¢ < 0. I additionally
assume that there are no shocks at ¢ = 0. Therefore, monetary policy from timeless perspective

satisfies m 0 = mpp = 0 for all monetary regimes.

I do not derive the monetary problem in monetary union in the special case of p = 6 = 1

because it is almost identical to its general case except in the special case I have ¢ = 0.

B.1 Monetary Policy Problem in Flexible Exchange Rate Regime

In flexible exchange rate regime, optimal monetary problem for H’s monetary authority is to
maximize (5.1)) subject to (3.6), (3.7), (3.8). Lagrangian of the problem can be written as

L= **]E Zﬁ P\yh(YHt*YHt) +>‘yf(YFz Yﬁ,z)Q+>‘q(Tt*Tth)2+)‘ﬂh7fH,t2+>\7rp7r?,t2]

+Yr t[ﬂEtﬂH 1 + (Ve — YH O+ @ =n)ep(Ty - T) +ue — WH,z] (B.1)

t|BET R g + KT (Ve *YFt) — i p(Ty = T,°) + uf *ﬂ'Ft]

7 [a—l (Ve = Vi) = (Ve = Vi2)] = (T = 1))

First order conditions with respect to Y ¢, Yry, ma ¢, and T} are respectively

—Ay, (YHJ/ - f/f}},t) + Uik + 197’,t9_1 =0 (B.2)

—Ay; (?Ft - l71'?15) + Uk — 797',t071 =0 (B.3)

Ay THt — Ut + i1 =0 (B.4)

(T =T]) + 94 (1 — n)rtp — 0% yni™h — 974 = 0 (B.5)
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F’s monetary problem is symmetric to H’s problem. First order conditions to F’s problem are

7)\?jh (Y/H,t - ?15'71&) + Wr ik + wT’tﬂ_l =0
—)\Zf (YFt — f/gt) + wy kT — WT,tefl -0
—Ae The — @rg + B =0

g (T - th) + @rt(l = n)kyY — wp k™Y —wr =0

where @y 1, @y ;, T, are lagrange multipliers for (3.6)), (3.7), (3.8) respectively.

B.2 Monetary Policy Problem in Monetary Union

(B.6)

Monetary problem in the union is to maximize W subject to (3.6)), (3.7), (3.8]), (3.10). Lagrangian

of the problem is

oo
AW N - . - . -
£=="LEoy ' [n(Yie = Vif)* + (1 —n)(Fre = V)" 40 —n)ow (T - T)* + T2+ e
t=1
+ 197r,t [6Et7rH,t+l + I{(YH’t — ?ﬁ’,t) + (1 — TL)H’I,ZJ(Tt — Ttw) + Ut — T‘-H‘t]
+ ﬁ;,t [BEtﬂ}ytJrl + K* (Y/F,t - f/ﬁjt) - nli*w(Tt - Ttw) +uy — W}yt]
O [0 (Vi = ¥i,) — (Ve — F32)] = (B — T

+ ﬂEx,t [ATt + TFH,t el ﬂ'},t = 0]
First order conditions are

~n(Yiy — Yi,) + Onsk + 07,01 =0

— (1=n) (Vg — Yi&,) + gk — 97,071 =0

an

o THt T Unt + BUr -1+ Tpxt =0
o(l—mn) ,
- (H*)WF,t —Urt+ BUrt-1—VExt =0

—n(l —n)by (Tt — Ttw) + (1 = n)kpn s — nu™ P07, — 974 + Ipxt — Ipxar1 =0
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Under the assumption that x = x*, I obtain that

—o(nmpe + (1 —n)7hy) = nAVie — Vi) + (1 - n)A (Ve — V) (B.16)

B.3 Monetary Policy Problem in Cooperative Regime

Monetary problem in the cooperative regime is to maximize W subject to (3.6)), (3.7), and (3.8]).
Lagrangian of the problem is

o0
AY N - - - . - 1-—
L= _iEOZﬁt [n(YH,t - Yﬁ,t)Q + 1 =n)(Vre - Y#]t)Q +n(l = n)0y(T; - Ttw)2 + Ln”Hvtz + a * " T t2]
2 = ’ K K ’

+ ’19-”’15 I:ﬁ]Etﬂ'H,HJ + K(YH,t — f/ﬁ’t) + (1 — n)mb(j} — Ttw) “+ ur — 7TH’15:|

(B.17)
+ 95, [BEtW}7t+1 + k" (Y/F,t - ?}”t) — nn*w(ft — Ttw) +uf — w}’t]
+ 97,0 (07 (Ve — Vi) — (Vi — V#0)] = (B = 7))
First order conditions are
- TL(Y/}Lt - ?ﬁ},t) + ’l9ﬂ-’tli + 197‘,150_1 =0 (B]_S)
—(L=n)(Yry — V&) + Onyr® — 97,071 =0 (B.19)
on
o THE Urt + B71-1=0 (B.20)
o(l—n
- ( e )W;,t — Vgt + POr1—1 =0 (B.21)
—n(l —n)by (Tt —T) 4+ (1 = n)kpdnys — Py — 7 =0 (B.22)

B.4 Monetary Policy Problem in Flexible Exchange Rate (p = 6 = 1 Case)

Under the assumption of p = § = 1, H’s monetary policy is to maximize (5.1)) subject to (5.4]).
Lagrangian of the problem is

o0
el [)‘yh (YH,t - Ylff,t)2 + Ayy (YFJ - Ybf,t)2 + ’\ﬁhﬂ'H,tQ + )‘TVFW;_',tQ]
=1

1
L=—=-Eg
2 P

(B.23)
+Ort [ﬂEtWH,tH + H(YH,t — ?ﬁ’t) +ug — WH,t]
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First order conditions are

- )\yh (YH,t - Y/Ii;,t) + 197r,tK/ =0 (B24)
- )\ﬂ'hﬂ-H,t - 197r,t + 1977,15—1 =0 (B25)

Combining the first order conditions gives

by . -
- >\7rh7TH,t = %A(YH,t - Yf]},t)

& —oTHy = A(}}Hﬂf — ?ﬁ,t)

Following the same process for F', I obtain
—ompy =AYy — Vi) (B.26)

The two optimality condition along with (5.3) and (5.4) pin down all endogenous variables.

B.5 Monetary Policy Problem in Cooperative Regime (p = 6 = 1 Case)

Monetary problem in the cooperative flexible exchange rate regime is to maximize W subject to

(3.6, (3.7). Lagrangian of the problem is

oo
AW N = 9 N = .2 on o(l1—n) 2
= —TyEotZ;ﬂt (Ve = Vi)* + (0= m) (Ve = V) o T m” + oy 7]

. - (B.27)
+ Vrt [ﬁEtﬂH,t+1 + (Ve — Yﬁt) +up — ﬂ'H,t]

+ 954 [5Et7rfr,t+1 + K (YF,t - Y/Igjt) +uf — W},t]
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First order conditions are

—n(Virg — Vi) + Oryis = 0 (B.28)
— (1= n) (Vg — Vi) + O™ =0 (B.29)
- L:WH,t —Ort+ BUr-1=0 (B.30)
- "(:”)n;t Dt + Brs1 =0 (B.31)

Using first order condition, I obtain

—O0TH = A(}A/Hﬂg - l:/ﬁt) (B.32)
—O'7TF,t = A(Yﬂt — ?}%}t) (B33)

B.6 First Best Solution for H in Flexible Exchange Rate (p = § = 1 Case)

The first best monetary policy for H is the policy which maximizes Wy. Then, monetary policy

problem is to maximize Wy subject to (5.3) and (5.4). Lagrangian of the problem is

= 1 > N = o = .
L=Wg= _iEO Z 5t [)\yh (YH,t - YIi{l,t)Q + )‘yf (YF,t - Ylg,t)2 + )‘Wh”HﬂfQ + )‘WfWF,tZ
t=1

% > B.34
+ Dt [,BEtWH,tH + 5(Yae — Yif,) + e — WH,t} ( )

0 SRy 1 (Vg — V) o — 8

First order conditions of this problem are

~ Ny (Vi = Y ,) + Onpis =0 (B.35)
- )\7rh7TH,t - 197r,t + 197r7t—1 =0 (BSG)
~ Ny, (Yre = Y2,) + 0pyk =0 (B.37)
- )\7rf7TF,t - 1971‘,15 + ﬁﬂ,tfl =0 (B38)

44



First order conditions I obtain

—omy = AV, — V) (B.39)
_UWF,t = A(?F,t — }:/I;L,t) (B40)
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C Additional Figures
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Figure 12: Welfare loss difference of F' as a function of nominal price rigidity for the parametrization

given at Table [3| and for alternative values of # with markup shocks only.
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Figure 13: Welfare loss differences of F' between M and C as a function of trade elasticity for the
parametrization given at Table 3| when variation in F’s markup shocks is relatively high (o, = 0.4,

ou, = 0.1).
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Figure 14: Welfare
at Table[3land 6 =

0.9

loss differences of F' as a function of price stickiness for parametrization given
0.8.
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Figure 15: Welfare
at Table [3|and 6 =

08 09

loss differences of H as a function of price stickiness for parametrization given
2.5.
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Figure 16: Impulse response functions to deviation from steady state domestic productivity (ay,)

for parametrization at Table
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Figure 17: Impulse response functions to deviation from steady state foreign productivity (ay) for

parametrization at Table
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Welfare Loss Difference (H)
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Figure 18: Welfare loss differences of H as a function of nominal price rigidity with only productivity
shocks. The parametrization is different than the one in Table

Welfare Loss Difference (F)
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Figure 19: Welfare loss differences of F' as a function of nominal price rigidity with only productivity
shocks. The parametrization is identical to the one in Figure

49



Welfare Loss Difference (H)
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Figure 20: Welfare loss differences of H as a function of nominal price rigidity for the parametriza-
tion given at Table |3| and for alternative values of 8 when both productivity and markup shocks
exist,.
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Figure 21: Welfare loss differences of F' as a function of nominal price rigidity for the parametriza-

tion given at Table [3] and for alternative values of § when both productivity and markup shocks
exist.
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