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ABSTRACT

Essays on Monetary Unions
Cem Gorgiin
Doctor of Philosophy in Economics
August 12, 2020

This dissertation is composed of three chapters. The first chapter focuses on the
derivation of an appropriate objective welfare function to compare monetary poli-
cies across different monetary regimes using the Linear Quadratic (LQ) Approach.
Benigno and Benigno (2006) offers a method to derive quadratic welfare criteria for
policy analysis using LQQ Approach. The welfare criteria derived using this method
ranks monetary policies accurately in a monetary regime. However, it does not
necessarily provide accurate ranking of monetary policies across different regimes,
namely, the flexible exchange rate regime, the cooperative flexible exchange rate
regime, and the monetary union. Yet, choosing a monetary regime is as important
as choosing the optimal monetary policy in a monetary regime. This chapter shows
that Benigno and Benigno (2006)’s method can also compare policies across these
regimes if it is assumed that the economy is in a steady state in the initial period.
This assumption is equivalent to assuming that the monetary regime choice is an-
nounced one period in prior when the economy is in a steady state. Considering the
fact that monetary regime changes are well communicated, this assumption remains
fairly weak.

The second chapter studies the monetary regime choice between the monetary
union and the flexible exchange rate regime in a large open economy framework.
The classical approach argues that a monetary union should be established between
countries with similar shocks so that the cost of the one-size-fits-all monetary policy
is minimized. This chapter reveals that if there are inefficient shocks (i.e. shocks
which create trade offs between output and inflation stabilization) and countries
are large enough to affect each other, then the relative variance (mean preserving
spread) of inefficient shocks should also be considered in the monetary regime choice.

A country should choose the monetary union over the flexible exchange rate regime
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only if the variance of foreign inefficient shocks is close to or larger than the variance
of domestic inefficient shocks. This is on the condition that losing exchange rate
flexibility has little or no cost. By joining a monetary union, a country “ties the
hand of the other” countries joining the same union: it prevents welfare decreasing
foreign monetary policy responses to foreign inefficient shocks. A monetary union is
a Pareto Improvement only if the variances of member countries’ inefficient shocks
are close enough.

The third chapter continues to investigate the incentive to join a monetary union
to “tie the hand of the others”. It studies the effects of the price rigiditiy and the
trade elasticity on this incentive and the monetary regime choice between the flexible
exchange rate reigme and the monetary union. It finds that welfare gain from “tying
the hand of the other” country decreases as prices become more flexible because
more flexible prices compensate shocks and the exchange rate intertia better. The
mational welfare cost of variation of the foreign output gap in the flexible exchange
rate regime increases sharply with stickier prices. This increases the incentive to
join the monetary union in order to “tie the hand of the other” country. Chapter 3
also concludes that under symmetric parameters and shocks, the need to “tie the
hand of the other” country soars as the trade elasticity increases. However, if the
trade elasticity is low, then welfare cost of losing the exchange rate flexibility may
dominate welfare gain from “tying the hand of the other”. Consequently, given a
level of price rigidity, if the trade elasticity is low, then it is likely that a country
prefers the flexible exchange rate regime over the monetary union. If the trade
elasticity is high, then the monetary union dominates the flexible exchange rate

regime.



OZETCE

Parasal Birlikler Ustiine Denemeler
Cem Gorgiin
Ekonomi, Doktora
12 Agustos 2020

Bu tez ii¢ kistmdan olusur. Ilk kisimda farkh parasal rejimlerdeki para politikalarmi
Linear Quadratic (LQ) yontem kullanarak dogru karsilagtiracak bir refah fonksiy-
onunun nasil elde edilecegi tartigihr. Benigno & Benigno (2006) nun LQ yaklagimim
kullanarak bir kur rejiminde para politikalarin1 kargilagtirmak mimkiindiir. Ancak
farkli rejimlerdeki para politikalarini kargilagtirmak miimkiin degildir. Oysa kur
rejimi segmek en az bir rejimdeki para politikasina karar vermek kadar onemlidir.
Ik kisim, eger rejim degisikligi sirasinda ekonominin istikrarli dengesinde oldugu
varsayilirsa, Benigno & Benigno (2006) nun LQ metodunun farklh kur rejimlerindeki
para politikalarini da dogru sekilde karsilagtirabildigini gosterir. Kur rejimi ile ilgili
degisikliklerin iletisiminin dikkatli ve uzun vadede yapildigi géz 6niinde bulunduru-
lursa, kur rejimi degisikliklerinde ekonominin istikrarli dengesinde oldugu varsayimi
zararsizdir.

Tkinci kisim biiyitk ve acik ekonomilerde parasal birlik ile dalgalh kur rejimi
arasindaki se¢imi inceler. Klasik argiman ekonomik goklar arasndaki korelasyonu
pozitif ve yiiksek olan tilkelerin parasal birlik olugturmalarimin saglikli oldugunu
soyler. Ancak bu kisim, klasik argiimanin yeterli olmadgin ortaya koyar. Maliyet
soklar1 yasayan iilkelerde, kur rejimi tercihi maliyet soklarinin gorece varyanslari da
goz ontinde bulundurularak yapilmalidir. Bir iilkenin bagka iilkelerle parasal bir-
lik kurarak refahini arttirabilimesi i¢in maliyet goklar1 parasal birlik kuracag: diger
iilkelere oranla daha kiiciik olmalidr. Yani iilkenin maliyet goklarinin varyansi diger
iilkelerin maliyet soklarinin varyansina yakin ya da daha kii¢iik olmas: gerekir. Bir
parasal birligin Pareto Optimum olabilmesi icin ise parasal birligi kuracak tlkelerin
maliyet goklarinin varyanslarinin birbirlerine yakin olmasi gerekir.

Uciineii kisim fiyat yapiskanhigmin ve ticaret elastikliginin ikinci kisimda an-

latilan parasal birlik ile dalgali kur rejimi arasindaki refah farkini nasil etkilediklerini
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inceler. Fiyat yapiskanligi azaldik¢a refah ekonomik soklardan ve parasal birlikteki
sabit kur rejiminin yarattigi fiyat katiliklarindan daha az etkilenir. Bir iilke, dal-
gali kur rejiminde fiyat yapigkanligi arttikca, yabanci tlkelerin ¢ikti agiklarindaki
dalgalanmadan daha fazla etkilenir. Bu durum parasal birlik kurma insiyatifini
arttirir. Dahasi, simetrik parametreler ve soklar altinda, ticaret elastikligi arttikca
parasal birlik kurma insiyatifi artar. Ancak ticaret elastikligi diigiik ise, parasal
birlikteki sabit kur rejimin maliyeti yiiksek olabilir. Bu sebeple, dalgali kur reji-
minde, refah parasal birlige gore daha yiiksek kalabilir. Dolaysyla, belli bir fiyat
yapigkanliunda, ticaret esnekligi ytliksek ise parasal birlik, ticaret esnekligi diigiik ise

dalgali kur rejiminin avantajli olma olasiligl yiiksektir.
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Chapter 1: Comparing Monetary Regimes Using Linear Quadratic Approach in a
Two-Country New-Keynesian Model 1

Chapter 1

COMPARING MONETARY REGIMES USING LINEAR
QUADRATIC APPROACH IN A TWO-COUNTRY
NEW-KEYNESIAN MODEL

1.1 Introduction

Chapter 1 investigates the derivation of an appropriate objective welfare function
(i.e. welfare criteria) to compare monetary policies across different monetary regimes
using LQ Approach. LQ Approach can be broadly summarized as evaluating welfare
using quadratic welfare criterion (social welfare function approximated up to the sec-
ond order) and linearized structural equations (approximated up to the first order).
Benigno and Benigno (2006) offers a method to obtain appropriate objective welfare
functions in a two-country economy. This method accurately ranks monetary poli-
cies and determines optimal monetary policy rules in a given monetary regime for a
country or the economy. However, this method fails to compare policies of different
regimes accurately without further assumption. Yet, choosing a monetary regime is
as important as determining optimal policy in a given regime. Even though this is a
general problem for this method, this chapter specifically focuses on comparing the
flexible exchange rate regime, the cooperative flexible exchange rate regime, and the

monetary union.’

IThese regimes are well described in the NK literature. The flexible exchange rate regime
refers to the “Nash Case” in Clarida et al. (2002) or the “non-cooperative regime” in Benigno
and Benigno (2006). The cooperative flexible exchange rate regime is called the “cooperative
equilibrium” in both Clarida et al. (2002) and Benigno and Benigno (2006). The monetary union

is defined in Groll and Monacelli (2019). These regimes are described in details in later chapters.
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This chapter offers a trivial assumption for Benigno and Benigno (2006)’s LQ
Approach method so that approximated objective functions - welfare criteria derived
using LQ Approach - accurately compare welfare across these regimes. It shows that
Benigno and Benigno (2006)’s method accurately ranks monetary policies across the
regimes if it is assumed that the economy is in a steady state in the initial period.

It is a standard assumption that an economy is in a steady state prior to the
periods of analysis unless a study is particularly interested in a case in which the
economy is away from its steady state (e.g. Yun, 2005). Furthermore, the assumption
that this chapter proposes is equivalent to assuming that a change in the monetary
regime is announced one period in prior when the economy is in a steady state.
Considering the fact that in general monetary regime changes are well communicated
and do not come by surprise, the assumption proposed in this chapter remains fairly
weak.

Section 1.2 revises the literature and explains the methodology. Section 1.3
introduces a two-country economy model and the monetary regimes. Section 1.4
describes LQ Approach of Benigno and Benigno (2006). Section 1.5 presents the

problem and provides the solution. Section 1.6 is the conclusion.

1.2 Literature Review and Methodology

Many studies try to determine optimal monetary/fiscal policies under different en-
vironments or regimes. Studies on optimal polices frequently rely on NK-DSGE
models and these models are often non-linear (see Friedman and Woodford, 2010,

Chapters 13, 14, 15). Researchers prefer to linearize these models because they are

(i) unsolvable analytically or time-consuming to solve, or

(ii) not simple enough to provide any intuition.

There are various ways to linearize an optimal policy problem (also known as the
Ramsey Problem). A method is to determine optimality conditions of the non-linear

Ramsey Problem, then linearizing optimality conditions and structural equations
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to solve for an optimal policy (e.g. Khan et al., 2003). However, most studies
prefer LQ Approach: they linearize structural equations and derive a quadratic
approximation to the objective function. Then, they solve the approximated Ramsey
Problem to determine optimal policies.? There are various methods to apply LQ
Approach. Rotemberg and Woodford (1998) presents a most common method to
derive a quadratic welfare criterion in a closed economy model.? Gali and Monacelli
(2005) extends this method to SOE models. However, this method requires that
the original objective function is approximated around the efficient steady state
(or around a steady state sufficiently close to the efficient steady state).? This
limits number of cases which can be studied. Benigno and Woodford (2005) offers
a similar method which produces a quadratic welfare criterion without necessarily
approximating around the efficient steady state in a closed economy.

The limitation of RW method is particularly problematic and cannot be used to
compare national welfare between the flexible exchange rate regime, the cooperative
exchange rate regime, and the monetary union in two country (or multi-country)
models because the efficient steady state depends on the monetary regime and the
country. Following Benigno and Woodford (2005), Benigno and Benigno (2006)
presents a method to derive quadratic welfare criteria in a two-country economy
without necessarily relying on an efficient steady state. This should have been suf-
ficient to compare monetary regimes in terms of national welfare. However, BB
method imposes initial conditions on PPIs which restricts accurate ranking of poli-
cies across different regimes. This chapter shows that if it is assumed that the

economy is in a steady state in the initial period in the monetary regimes compared,

2The difference between the two methods is small but pivotal. In the former method, the
original optimal policy problem is solved. Then, conditions derived from the original problem
are linearized. In the latter method, LQ Approach, the original problem is transformed into an
approximated problem and then solved.

31 refer Rotemberg and Woodford (1998)’s method as RW method.

4The efficient steady state is the steady state which maximizes welfare of the relevant coun-

try/region. For details, see Woodford (2011); Gali (2015).
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then monetary policies in these regimes can be compared using BB method.?

To this end, a two-country economy model based on Corsetti et al. (2010) is
built. Then, the flexible exchange rate regime, the cooperative flexible exchange
rate regime, and the monetary union are introduced. The reason why BB method
fails to compare monetary regimes is explained. Later, it is shown that assuming

the economy is in a steady state in the first period mitigates this problem.

1.3 The Model

This section describes a two-country economy model with nominal price rigidity,
producer’s currency pricing (PCP), and complete asset markets based on Corsetti
et al. (2010). The model is similar to the models of Benigno and Benigno (2006)
and Groll and Monacelli (2019). The former has the government spending and
the latter has home bias and consumption preference shocks. Compared to Groll
and Monacelli (2019) and using its notation, this model assumes Z¢; = Zéy =1,
v =1—mn, and v* = n. Compared to Benigno and Benigno (2006), it assumes s, = 1
and Gy = G; =0 Vt.

There are two countries, A and B, and infinitely many households aligned be-
tween 0 and 1. They have n and 1—n shares of population respectively. A household
j in Country ¢ produces a differentiated good and consumes a bundle of domestic

and foreign goods. It maximizes the following utility function.

o
07 =By y 5[U(C] - Vn(i):ai) ()
t=0
Viy(j);al) = (ag)*ﬂ—yt(ﬁ:n is disutility from labor. a! denotes stochastic and

country-dependent productivity shocks, y,(j) is the differentiated goods produced

by household j at time ¢ with the inverse elasticity of goods production n > 0.

@ utility gained

B € (0;1) is the intertemporal discount factor. U(CY) = i

from consuming goods and p > 0 is the inverse elasticity of intertemporal substitu-

51 refer to the flexible exchange rate regime, the cooperative flexible exchange rate regime, and

the monetary union.
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tion. Ctj is a Dixit-Stiglitz aggregator for household j’s consumption constituted of

A’s and B’s goods bundles.

Cf = [nM7(Ch) O 4 (1 =) (C )OO (12)

0 > 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 bias.® Cﬁ'u is the bundle of differentiated goods of Country A.

) IN1/o [™ o/(e=1)
o, = {(_) / &(h)(gl)/”dh} (1.3)
; n o
Cét is the bundle of differentiated goods of Country B.
a 1 1/o L a/(c-1)
Chi= {(1 )"/ d(f)‘“”/“df] (1.4)
, “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 i’s currency. Then, the Producer’s Price Index (PPI) of Country A in terms

of Country ¢’s currency is

1/(1—0)

Py, = [(%) / %ﬁ(h)“dh} (L5)

Similarly, PPI of Country B in terms of Country i’s currency is

) 1 1 ) 1/(1-0)
Ph= (=) | #ind 1.6
o= | (12) [ ol (16)
The Consumer’s Price Index (CPI) in terms of Country i’s currency is
i ; 1-0 ; 1-0 1%
Pi=[nPy, (1 —n)py, 0 (1.7)

SFor a similar model with home bias, I refer to Faia and Monacelli (2008).
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S; is the exchange rate at time t. The model assumes 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) = Sipy (k) Vit (1.8)

(1.8) implies that P, = S;Pf Vt. In the absence of home bias, this means that

purchasing power parity (PPP) holds at any t. T; = ]Zi’z is the terms of trade.
Then, CPI can also be written as
Pl =[1—-n)+nL;' =Py, 19
’ 1.9
1 .
— [ =) 4 a] PP,
The law of motion of the exchange rate is
T, Sy 17
Lo 2t By (1.10)
T—1 S Ilay
If the exchange rate is fixed, i.e. AS; =0, (1.10) becomes
T g,
=—= Vt 1.11
Tiow Ilay (1.11)

Households trade one-period nominal state contingent assets denominated in A’s
currency. viz41 = v(h'T|RY) is the period-t risk adjusted price of an asset which
gives 1 domestic currency if h'*! is realized, 0 otherwise. 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, Vjt (1.12)

1
A’s one period nominal interest rate at time ¢ is (1 +14;) = [Etvt,tﬂ] whereas B’s

-1
one period nominal interest rate at time t is (1 + i) = [Etvt,tﬂ Sgtl} )

“For simplicity, throughout the paper, I suppress superscripts of A’s currency and denote B’s

currency with *. (1.8) means pi'(k) = S;pZ (k)
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Household j is the monopolistic producer of one of the differentiated goods. Total
demand for the differentiated good j produced at Country i at time ¢ is

yi(j) = (pj’éii))_o(]zf)_ect (1.13)

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. A producer sets
the price of its differentiated product, p;(j), to maximize the expected discounted
value of its net profits taking Pa,, Ppy, P (or P4, Py,, P;) as given. Pricing

problem of a seller which can change its price at time t is

%:8‘))( EtZ(aﬁ)k [w%:lc)(l — Ti e k) Pt (1) Yk () — V (Wesr(9); ai+k) (1.14)

7+ 1S an exogenous time-varying tax on sales of Country ¢. The optimal choice of

Pe(j) is
pj) = E Z;o:o(aﬁ)kvy(yt—x-k(j);at+k)yt+k(j) (1.15)
o Zio(&ﬁ)km%j“ywk(h)
Witk = m is the time-varying markup shock of Country 7.8 Given the

Calvo price setting mechanism, the evolution of the domestic price index of Country

718

Py ™7 =aP, 7+ (1= a)p(h) 7 (1.16)

Finally, the economy is constituted of four types of shocks: productivity and
markup shocks for A and B. & = [aa;: apy fras pse| is the vector of all exogenous
shocks at period t. A type of shock follows an AR(1) process with the persistence
v. Let z; be a shock, then

Ty = YXr—1 -+ €x,ty €p 11d<0, O'g) (117)

8Even though actual variation originates from the sales tax, the model is treated as if markups

move stochastically, not the sales tax.
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1.3.1 Monetary Regimes

This section describes the flexible exchange rate regime (), the cooperative flexible
exchange rate regime (C), and the monetary union (M).

In &, two national CBs (monetary authority) exist, each is attached to a country.
A CB aims to maximize national welfare of the country it is attached to: W, =
fon U?dj for Country A and Wp = f; U?dj for Country B. National welfare (sum of
the expected discounted utilities of households) of A is

(@]

Wa=EY_3#|0(Con) — - [ Vieatikiododl] (115)
k=0

— By 0 U(Cin) — VWasini ) A (1.19)
k=0

3|

—9 n ) —O’(1+7])
where Ya; = (P]ﬁt’t> C, and A, = 1 / (?ﬁiﬂ)) dj is the price dispersion
0 ,

term of A. Similarly, welfare of B is

o0
Wp=E Y p* lU(CHk) V(Y afjrk)AI} (1.20)
k=0
-0 a(14n)
with Yp, = (ng> C, and = —/ (PBt) dj is the price dispersion

term of B. To maximize welfare of its country, a CB chooses a strategy to set
{IL;+}°, at t = 0 and takes other CB’s strategy as given. Policymakers commit to
their strategies they declared at ¢ = 0. The exchange rate floats.

In €, the exchange rate is flexible. A CP chooses {Yay, Vi, Hay, [T, T3 182, to
maximize welfare of the world economy W = fol U?dj. Welfare of the economy, i.e.

W =nWa + (1 —n)Wpg, can be written as

W = EtZB{ (Cor) =V (Yagin, af ) Ay — (1 =n)V Yok, ap ) Ay | (1.21)
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In M, A and B adopt a common currency and transfer their monetary authorities
powers to the CB of the monetary union. In this setting, the fixed exchange rate
condition (1.11) immediately implies a single policy rate and a common currency.
The new monetary authority (the CB of the monetary union) chooses a sequence
{Yar,Ype, ay, % 4 T:}5°, to maximize welfare in the union.

In all three regimes, the CBs or the CP pursue monetary policies under commit-

ment meaning that they can efficiently alter expectations.

1.4 Linear Quadratic Approach

This section explains BB method in LQ Approach. To avoid spurious welfare com-

parisons, welfare criteria must accurately rank policies
(i) in a monetary regime, and
(ii) across monetary regimes.

The latter condition requires that objective functions and structural equations
are approximated around the same steady state in all monetary regimes. Benigno
and Benigno (2006) shows that there exist a common zero-inflation deterministic
steady state for F and €. Appendix A.1 provides that M has the identical zero-
inflation deterministic steady state. Given this steady state, Table 1.1 presents the
linearized structural equations when i = 1. To keep the model simple, it is assumed
that 1 = 1. However, the results can be generalized to i # 1 cases. (1.30) 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 (1.31).

The former condition requires that welfare criteria are quadratic in order to eval-
uate monetary policies using linearized structural equations accurately. RW method
to derive quadratic welfare criteria is presented by Rotemberg and Woodford (1998),
Woodford (2011) and subsequent works. It uses a second order approximation to an
objective function and evaluate it using linearized structural equation. To evaluate

optimal policy problems accurately using RW method, the approximated objective
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Table 1.1: Structural Equations

Aggregate Demand C, = Etétﬂ —p M — Egmagsr — (1 — n)]EtATtH) (1.22)

Cr =E,Cry — p7 (i} — By + nEAT ) (1.23)

Market Clearing Condition Y, = Cy + 0(1 — n)T; (1.24)
Ypi = Cf — 6OnT, (1.25)

Risk Sharing C; = Cf (1.26)

Aggregate Supply 7a; = BEima41 + /{(YAJ — YAw,t) + (1 —n)ky (Tt ) +us (1.27)

The = BB 1 + 6 (Yo — Yi,) — ne (T, — T1Y) +uf (1.28)

Terms of Trade T, — T} = 0~ [(Ya, — Yi,) — (Vs — Y¥,)] (1.29)

Exchange Rate (flexible) AS, = AT} 4+ ma, — Th (1.30)
Exchange Rate (fixed) 0= AT, + 74, — Thy (1.31)

_ 1—a)(l—« A 1—a*)(1—a*B __ 1—p0 _ BAg * — *xPB,
HZ(P"‘U)%’R Z(P‘H?)%ﬂﬂZﬁ,u = l;+p’ =K l;f_;>

Y/Aujt = ét -+ (]. - n)QTtw, Y/éu’t = ét —+ —n@Ttw, Ttw == m[d}g,t], = 77+P (CLW’t),

AW A ~ ~R _ ~ 2 AW A " AR _
[ =nfiag+(1=n)ipy, iy = flag—fipg, Of =naaz+(1—n)apy, a;' = aar—apy.

function - the welfare criterion - should not include linear terms (terms should be
second or higher order). Rotemberg and Woodford (1998) provides that if the ap-
proximation is around the efficient steady state, then linear terms in the approxima-
tion vanish.® However, the efficient steady state depends on the monetary regime
and the Ramsey Problem. For example, in the monetary union, the CB aims to
maximize welfare of the union, i.e averaged welfare of the two countries combined.
To derive appropriate welfare criterion with RW method, the efficient steady state
for the union should be considered. However, the efficient steady state of the union
is different from the efficient steady state of a single nation.'” If the efficient steady
state from the monetary union’s perspective is used to derive welfare criterion of
a country, then linear terms in the second order approximation to this country’s
objective function do not disappear. Therefore, the welfare criterion of this coun-

try does not accurately rank monetary policies of the monetary union. This means

91 refer to Woodford (2011, Chapter 6.1) for details of an efficient steady state.

0For further discussion of the problem, I refer to Corsetti and Pesenti (2001), Kim and Kim
(2003), Woodford (2011) Chapter 6.
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that national welfare criteria and welfare criterion of the union cannot be derived
simultaneously using the same steady state with RW method. Alternatively, if two
different steady states are used, then the latter condition is violated.

BB method solves this problem. It replaces linear terms in the second order
approximation to an objective welfare function with an appropriate linear combina-
tion of the second approximation of structural equations. Structural equations of the
second order are used only to replace the linear terms in the second order approxi-
mation to objective functions. Once the quadratic welfare criteria are obtained, the
optimal monetary policy problem is evaluated with the linearized structural equa-
tions. Therefore, BB method obtains quadratic welfare criteria for any monetary
regime or group of countries without necessarily relying on a special case of steady

state. It provides that welfare of Country-A can be approximated quadratically

1

WA:—§

(1.32)

conditional on m4. (1.32) appropriately ranks monetary policies for Country-A.

Similarly, B’s welfare loss function is

- ~ - ~ > N
Wp = =5k >4 |:)\ZA (Var = V0) + X, (Vae = VE) + N (T = TP)* + A mad® + X
t=1

(1.33)

conditional on mp,. Finally, welfare loss function of the world economy can be

written as
w (0.]
W = —TyEo g ) [n(?A,t - Y/thf +(1-n) (Yth - }N/gitf
— (1.34)

R - n 1—n
+n(l —n)dy (Tt — Ttw)2 + %ﬂAf + %W}f}

*
A

conditional on map and mpo. Ay = (14 p)- Ayss Ayss Aras Aegs Agy Ay s Arps
Mgy A fff’t, ffﬁt, TtA, Y/:fp ?gt, TtB are defined in Appendix A.3.

B’

Eo > A [ua (Vae = Vi) + Mo (Vi = Vi) g (B = T) + Ay mas® + Ay
t=1

x 2
5T Bt
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The key notion is that welfare criteria - i.e. (1.32), (1.33), (1.34) - are derived
conditional on initial PPIs: {772-’0}1»6{ 4,8} Mathematically, this means that monetary

policy problem in all monetary regimes should have additional constraints

TA0 = TAp (1.35)

TBO = TR (1.36)

{Tio0}ticga,py is arbitrary but welfare criteria rank monetary policies accurately condi-
tional on {7;}icga,p)- Intuitively, this indicates that (1.32) is capable of accurately
ranking only monetary policies which satisfy (1.35). Similarly, (1.33) accurately
ranks monetary policies which satisfy (1.36); (1.34) accurately ranks monetary poli-
cies which satisfy (1.35) and (1.36).

In F, the CB of A maximizes national welfare (1.32) subject to (1.27), (1.28),
(1.29), and (1.35). Similarly, the CB of B maximizes (1.33) subject to (1.27), (1.28),
(1.29), and (1.36). In M, the CB of the union maximizes welfare of the union (1.34)
subject to (1.27), (1.28), (1.29), (1.31), (1.35), and (1.36). In €, the CP maximizes
(1.34) subject to (1.27), (1.28), (1.29), (1.35), and (1.36). Given the path of exoge-
nous variables, all endogenous variables in a monetary regime are determined using

first order conditions of relevant monetary problem(s) and structural equations.

1.5 Comparing Different Monetary Regimes

To be able to compare two monetary regimes, the initial conditions - (1.35) and (1.36)
- must be identical across the regimes. Otherwise the comparison is not accurate. To
circumvent this problem, this chapter proposes to assume that there are no shocks
in the economy at ¢ = 0in F, €, or M. Then, 740 = 79 = ma = mp = 0 hold for
all three regimes. (1.35) and (1.36) are satisfied and welfare criteria - (1.32), (1.33),
and (1.34) - work appropriately. Ad hoc conditions - (1.35) and (1.36) - are avoided

and they can be ignored. This result is presented in Proposition 1.

Proposition 1. Let (X = [ait agt /ﬂj’t ,ugt]’ be the vector of all exogenous shocks
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and ﬂf}t be PPI of Country-i in a monetary regime R € {F, €, M}. If & = € =
[ o p pB), then wly =0 fori € {A, B} and R € {F,C, M}

Proof. See Appendix A.7. O

Proposition 1 says that if there are no shocks in the first period, then PPIs remain
0. Proposition 1 can be extended that if shocks are absent in the first period, then
the economy remains in the steady state in the first period.!

It is possible to assume

Tho =Tap for Re{F €M} (1.37)
Tho =Tpo for Re{F,C M} (1.38)

However, in this case, the optimal monetary policies and welfare depend on the ad
hoc conditions (1.37) and (1.38). On the other hand, if shocks are absent in the
first period, the economy remains in the steady state in any of these regimes. Since
the steady state is identical across the regimes, the initial condition to be able to
compare monetary regimes is automatically satisfied. Meanwhile, welfare effect of
(1.37) and (1.38) is avoided.

It is easy to see that the initial period ¢ = 0 can be changed into t = —1 and that
the monetary regime is announced at the beginning of t = —1. Therefore, assuming
that the economy is in the steady state in the first period is equivalent to assuming
that the monetary regime is announced one period in prior and when the economy
is in the steady state. In general, monetary regime changes are well communicated,

therefore, this assumption remains as a fairly week one.

1 Obviously, it is assumed that in the previous period (t+ = —1) the economy is in the steady
state as well. If the economy is not in the steady state at ¢ = —1, then the optimal policy
does not necessarily say that the economy should continue to be in the steady state at ¢ = 0.
This is a common and warranted assumption unless a study specifically intends to investigate
optimal policies when the economy significantly deviates from its steady state (e.g. Yun, 2005).
An economy’s history, i.e. its features at ¢ = —1, affects tg-optimal monetary policy. Assuming
that it is in the steady state at ¢t = —1 isolates the optimal policy analysis from the history of the

economy.
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1.6 Conclusion

This chapter aims to contribute to LQ Approach in the monetary regime choice
problems. LQ Approach can be briefly described as a method to solve optimal
policy problems using quadratic approximation to objective functions and linearized
structural equations. Benigno and Benigno (2006) offers a method to apply LQ
Approach to a broad range of optimal policy problems. However, this method cannot
be applied to the monetary regime choice problems without further assumptions.
In other words, L.QQ Approach presented by Benigno and Benigno (2006) accurately
determine optimal monetary policy in a given monetary regime. However, it does not
necessarily rank policies of different regimes accurately, namely the flexible exchange
rate regime, the cooperative flexible exchange rate regime, and the monetary union.

This chapter proposes a weak assumption so that optimal policies in these regime
can be compared with one another. It shows that if shocks are absent in the first
period, then Benigno and Benigno (2006)’s L Approach accurately compares mon-
etary policies across these regimes. This assumption is equivalent to assuming that
the monetary regime choice is declared one period in prior when the economy is in
the steady state. In general, monetary regime shifts are well communicated. There-
fore, if the particular interest of a study is not the monetary regime choice in an
economy deviated from its steady state, then this assumption is fairly weak.

Even though it is not shown in this study. This result can be extended to a
broad range of problems. It is easy to see that this assumption can be applied to

compare any two monetary regimes with identical steady states.
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Chapter 2

TYING THE HAND OF THE OTHER: A DECISION TO
JOIN A MONETARY UNION

2.1 Introduction

The classical approach (Friedman, 1953; Mundell, 1961) emphasizes that monetary
unions are inherently costly because a single monetary policy tool cannot effectively
respond to different shocks of members of a monetary union. On the other hand,
monetary unions offer advantages in monetary policymaking, increase trade, de-
crease transaction costs etc. Dellas and Tavlas (2009) summarizes the costs and
benefits of monetary unions and discusses the monetary unions literature exten-
sively. In this sense, the conventional argument says that countries with similar
shocks should establish a monetary union so that the welfare cost of the one-size-
fits-all monetary policy is minimized while countries enjoy the benefits of a monetary
union. Chari et al. (2019) calls this the Mundellion Criterion.

Even though it is subject to criticism, the Mundellian Criterion stands as the one
to assess monetary unions. In a small open economy (SOE) framework, Clerc et al.
(2011) concludes that countries with similar shocks should form monetary unions.
In a large open economy (LOE) framework, Pappa (2004) finds that the Mundellian

Criterion holds when shocks are efficient.! This study revisits the monetary regime

Following Groll and Monacelli (2019), shocks which create a trade off between output and
inflation stabilization are defined as inefficient shocks, i.e. they break so-called “the divine coin-
cidence”. They are known as cost push shocks. Goods markup shocks or wage markup shocks
(Clarida et al., 2002) are examples of inefficient shocks. On the other hand, efficient shocks allow
a monetary authority to stabilize both inflation and output simultaneously. These shocks are ex-
tensively discussed in Blanchard and Gali (2007). They are also called Mundellian shocks (Chari

et al., 2019). Aggregate demand shocks can be given as an example of efficient shocks.
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choice between the monetary union and the flexible exchange rate regime in a LOE
framework with inefficient shocks.

The key contribution of this paper is to show that if there are inefficient shocks
and countries are large enough to affect each other, then the relative variance (mean
preserving spread) of inefficient shocks should be accounted for in the monetary
regime choice: the Mundellion Criterion is not sufficient. A monetary union is
welfare increasing compared to a flexible exchange rate regime only if the variance of
foreign inefficient shocks is close to or larger than the variance of domestic inefficient
shocks. This is on the condition that adopting a common currency (fixing the
exchange rate between countries) has little or no cost.

Many studies argue that a country “ties its hand” (abandons its monetary au-
tonomy) by joining a monetary union to exploit the benefits of the union (Giavazzi
and Pagano, 1988; Soffritti and Zanetti, 2008; Clerc et al., 2011). Countries without

a 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. It is often argued that this was the main mo-
tivation of many countries that joined the European Monetary Union (EMU). This
trade off between monetary autonomy and credibility is rather a national decision
independent of other countries.

In this study, however, the main motivation of a country in joining a monetary
union is to “tie the hand of the other”. If countries are large enough, the monetary
policy responses of a CB spillover to other countries and can damage their welfare,
especially if the CB in question disregards these spillovers: Inefficient shocks create
trade offs between inflation and output stabilization. The optimal trade off from a
national CB’s perspective in a flexible exchange rate regime is suboptimal for other
countries. Therefore, the monetary policy responses of a foreign CB to inefficient

shocks in its country decreases welfare of other countries in a flexible exchange rate
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regime. On the other hand, a monetary union provides a tool to enforce a country to
consider welfare spillovers. Monetary policy implicitly imposes cooperation. The CB
of the union, maximizing welfare of the union, works as a CP but is restricted with
a single policy tool and the fixed exchange rate regime (i.e. a common currency).
As opposed to national CBs in a flexible exchange rate regime, the CB of the union
considers welfare spillovers.

From a national welfare perspective, this cooperation particularly improves re-
sponses to inefficient foreign shocks. In return, it worsens responses to domestic
ones.? Therefore, a country suffering from relatively close or larger 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 wel-
fare gain from other potential members losing their monetary autonomies. This
relationship is reciprocal, therefore, a monetary union is a PI if inefficient shocks of
countries have close variances.

Groll and Monacelli (2019) and Chari et al. (2019) find that the monetary regime
choice strongly depends on the types of shocks (efficient or inefficient) as well as
monetary policy credibility. Even though it substantially differs from these papers
in terms of its objective and its framework, this study also emphasizes the distinction
between efficient and inefficient shocks in the monetary regime choice. If inefficient
shocks dominate the economy, the monetary regime choice should depend on the
relative variance of inefficient shocks. Otherwise, the Mundellion Criterion stands
as Pappa (2004) finds.

The remainder of this study has the following structure: Section 2.2 describes the

methodology, Section 2.3 presents the welfare analysis, Section 2.4 is the conclusion.

2.2 DMethodology

The results are presented using the two-country economy model described in the pre-

vious chapter. It is a dynamic general equilibrium model with nominal price sticki-

2From a CP’s perspective (in terms of the welfare of the world economy), Clarida et al. (2002)

shows that monetary policy cooperation weakly dominates monetary policy competition.
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ness, PCP, and complete asset markets based on Corsetti et al. (2010).> Markup and
productivity shocks are used to represent inefficient and efficient shocks respectively.
The results can be generalized to any efficient or inefficient shock.

Two monetary regimes are compared: the monetary union (M) and the flexible
exchange rate regime (). In the former, the two countries adopt a common currency.
Furthermore, they delegate their monetary policymaking capacity to a supranational
authority which aims to maximize welfare of the world economy.* However, in
the flexible exchange rate regime, policymakers play a strategic game. The CB
of each country maximizes the welfare of their respective country and takes the
other CB’s actions as given. Monetary authorities pursue monetary policy with
commitment (i.e. they are credible) independent of the monetary regime. To provide
the intuition, this chapter also refers to the cooperative flexible exchange rate regime
(©).

It is possible to solve the model analytically by transforming it into the accu-
rate LQ form. However, it requires time consuming and inconvenient calculations.?
Therefore, this study relies on a numerical analysis after transforming the model in
to the LQ form. The numerical analysis provides sufficient intuition. The model is
calibrated based on Gali et al. (2007); Christiano et al. (2010); Groll and Monacelli
(2019). First, a special case - the intertemporal elasticity is equal to the intratem-
poral elasticity and both are equal to unity - is studied. This case significantly

simplifies the model and is crucial to provide the intuition of the “tying the hand

3The model used in this chapter and the previous one is a representative agent new key-
nesian (RANK) model. This study uses a RANK model instead of a heterogeneous agent new
keynesian (HANK) model (see for example Debortoli and Gali, 2017; Kaplan et al., 2018; Bilbiie,
2018) because it specifically seeks (in)efficiencies brought by monetary policy in a monetary union
and asymmetries across countries rather than (in)efficiencies originating from asymmetries within
countries.

4In a two-country economy model, welfare of the monetary union corresponds to the welfare
of the world economy.

SFor various ways to solve a linearized model analytically, see Blanchard and Kahn (1980);

Uhlig et al. (1995); Klein (2000); Sims (2002).
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of the other” incentive. IRFs in &, C, and M are presented. Then, the results for
the main calibration are provided. Finally, The model is simulated for 200 periods
using random shocks. Ex-post national welfare loss difference between M and J as
a function of the relative standard deviation is provided and the monetary regimes

are compared accordingly.

2.3 Welfare Analysis

Throughout the study it is assumed that i = 1 and the price stickiness is symmetric
between countries, i.e. @ = o*. The discount factor g is 0.99. A’s relative popula-
tion, n, is 0.5. Average price contract durations are 3 periods: a = 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. The value of 1 has been
a focus of debate in macroeconomics. Following Gali et al. (2007) and Christiano
et al. (2010), n is taken as 0.89. Nevertheless, robustness of results are checked using
alternative values of 1 and results remain intact (not provided in the dissertation).
Groll and Monacelli (2019) sets the intertemporal elasticity of substitution, p, to 1
and the trade elasticity to 2. p is set to 1. Two different values are adopted for the
trade elasticity. In the special case, 6 is set to 1 to obtain p = # = 1. In the general
case, 0 is switched to 2 as in Groll and Monacelli (2019). Table 2.1 summarizes the

calibration. Unless stated otherwise, the specifications at Table 2.1 are used.

2.3.1 A Special Case

This section studies the special case of p = 6 = 1, i.e. the intertemporal elasticity
of substitution is equal to the intratemporal elasticity of substitution and both are

equal to unity. In this case, the terms of trade is insulated from the welfare criteria,

ie. A\, = )\; = (0.5 The welfare loss function of A becomes

SDouble tilde refers to the respective values evaluated at p = 6 = 1. In Appendix A.3, I present

these values explicitly.
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Table 2.1: Calibration

Parameter Variable name Value
15} 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 A and B goods 2.00
a Calvo parameter for i = {A, B} 0.66
n Relative size of domestic country 0.50
~y Persistence of shocks v, = Vs = Yar = Vas 0.70
ol Variance of shocks’ innovations o7 =03 =02, =02, 0.01

1 > x 2

Wy =

_§E0 Z B P‘yA (?Ayt_?ﬁt)Q""j‘yB (}A/th_Yﬁt)2+5‘wA7TA,t2+5‘ﬂB7TB,t } (2.1)
t=1

Similarly, the welfare loss function of B becomes
z 1 ad 2.0 x 2z, ~ x 2 3, .,
Wp = _§EO Zﬂt [)‘yA (Yar=Y33) 4+, (Y —Y5)) +)\7TA7TA7t2+)\7TB7TB’t2:| (2:2)
t=1

A particular reason to begin with this special case is that it is possible to separate
the objective function of a national CB from the welfare loss function of its country.
The terms of trade is eliminated from the aggregate supply equations because 1/; = 0.

(1.27) boils down to

A = PET 441 + K(YA,t - Y/th) + Uy (2.3)

(1.28) becomes

The = BBl pyy + K" = Y, +u (2.4)
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This means that in &, monetary authorities cannot change the other country’s vari-
ables (foreign output and foreign PPI) through the terms of trade. A national mon-
etary authority is able to set only its own output and PPI. Therefore, the objective
function of A’s CB is

1

EA:_i

Eo ) f' [5\“ (Vae—Yil)' + /N\mWAtQ} (2.5)
t=1

The objective function of B’s CB is

z 1 ad z, 4 = 9 . .
Ly =3B Y B[y, (Voo = YE)" +As, 75, (2.6)
t=1

(2.5) is the part of (2.1) that domestic monetary policy can affect, i.e. domestic
output and domestic PPI. Similarly, from B’s perspective, (2.6) is the part of (2.2)
that domestic monetary policy can affect. The rest of national welfare which depend
on foreign output and foreign PPI is under the control of the foreign CB, therefore, it
is outside of a national CB’s objective function. Consequently, the monetary policy
problem of A is to determine a path for {Ya,, m4,}5°, to maximize (2.5) subject to

(2.3). The optimality condition of this problem is

—O0TAL = A(?A,t — }:}zﬁt) (27)

The CB of B determines {YB¢,7T*B¢},?§O to maximize (2.6) subject to (2.4). The

optimality condition is

—0TBt = A(}A/B,t — ):/BB,t) (28)

It is trivial that national welfare depends on monetary policy decisions of both
countries.

The first best monetary policy for A, on the other hand, can easily be found by
determining the path of {YAJ, }A/BJ, TAt Th 4 bico Which maximizes ﬁ/A. The optimal

relationship between endogenous variables is
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—O0TAL = A(?A,t — }:}ﬁt) (29)
—ompy = AV, — V) (2.10)

Comparing (2.7) and (2.8) to (2.9) and (2.10), the relationship between domestic
output and domestic PPI in F matches with the first best choice of A because it is
decided by the CB of A itself. The relationship between foreign output and foreign
PPI, however, is not the first best for A because it is chosen by the CB of B to
maximize its own objective l:} B

In order to provide the intuition of the “tying the hand of the other” effect,
C should be studied. M differs from F in two terms: the exchange rate regime,
and the nature of monetary policymaking. In M, a common currency is adopted
whereas in F exchange rate floats. Moreover, in M, monetary policy competition
is replaced by monetary policy cooperation in the sense that the CB maximizes
welfare of the union instead of any national welfare and takes into account welfare
spillovers. € is used to distinguish welfare effect of each change. In C, the exchange
rate is flexible and a CP chooses {Ya, Yn, Hay, 5,172, to maximize welfare of
the world economy W. € corresponds to the “cooperative case” defined in Clarida
et al. (2002). It differs from M only in terms of the exchange rate regime. In both
cases, the monetary authorities have identical objectives, however, in M, the CB
of the union is restricted with the common currency. On the other hand, both in
C and F exchange rate floats but € has policy cooperation unlike F. Therefore,
welfare difference between F and € provides the welfare effect of monetary policy
cooperation over competition while welfare difference between € and M determine
welfare cost or benefit of common currency. In €, the CP maximizes welfare of the

world economy .
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ffﬁ corresponds to the averaged output targets, i.e. )71“5 = nf//t‘ + (1 - n)ffﬁ . The
CP chooses a path for {Yay, Yay, Tas, Th.+ ico Which maximizes W subject to (2.3)

and (2.4). The optimality conditions are

—omay=AYa, - YY) (2.12)
—ompy = A(Yp, — YE,) (2.13)

In €, A diverges from its first best relationship between domestic PPI and domestic
output because the CP tries to stabilize A’s output at a level which maximizes wel-
fare of the world economy. Consequently, A loses welfare with this new cooperative
equilibrium in terms of domestic parts, L 4. On the other hand, (2.13) improves
national welfare of A compared to (2.8) because the CP tries to stabilize B’s output
at a level closer to A’s first best. It follows that if welfare gains of switching from
(2.13) to (2.8) outweigh welfare losses of moving away from (2.7) to (2.12), then A
benefits from the new monetary regime C.

In M, the monetary authority of the union chooses {YAyt, )737t, TAL 77}775} to max-
imize ﬁ/ as in € but is additionally restricted by a common currency - expressed

with the additional constraint (1.31) in this model. The optimality condition is

—o(nmas + (1 —n)mp,) =nA (}A/A,t - }:/jft) +(1-— n)A(YBJ - iz/é‘jt) (2.14)

A common currency restraints monetary policy in M compared to € and causes
the one-size-fits-all cost in the following way. In this special case, a foreign markup
shock does not require any change in domestic interest rate because domestic output
and domestic PPI is not affected from a foreign markup shock. However, in M,
stabilization in domestic (foreign) output and domestic (foreign) PPI cannot be
insulated from foreign (domestic) output and foreign (domestic) PPI. A’s output
and PPI are automatically affected from a monetary response to B’s markup shock.
For this reason, the CB of the union tempers its response to a markup shock in B

because the optimal response to the shock violates the optimal relationship between
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A’s output and PPI. This tempered response would have been unnecessary if the
exchange rate was flexible. Nevertheless, targets of the monetary authority in M are
identical to targets of the CP in C. For this reason, it is said that M is a constrained
cooperation.

This result is illustrated below. Figure 2.1 depicts impulse responses of A’s
domestic and foreign output gaps, domestic and foreign PPIs to a positive markup
shock in A under &, €, and M given the specification at Table 2.1 except the trade

elasticity 0 is set 1.7 In F, a positive shock to A’s markup pushes domestic PPI

Domestic Output Gap (Va; — Y,) «103  Foreign Output Gap (Vi — YY)
0 ! 9 S
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Figure 2.1: Impulse responses to a positive markup shock in A (f14) given the
parametrization at Table 2.1 except 6 = 1.

upwards. Foreign output and foreign PPI are not affected because the terms of
trade is insulated from the aggregate supply relation of A and from the welfare

objectives. Therefore, B’s monetary authority remains unresponsive to a markup

In the specification at Table 2.1, I have p = 1, therefore, I obtain p = # = 1 when I set § = 1.
I also note that in the absence of productivity shocks T/ = 0 for i € {A, B} and f’é’t = 0 for
ie{A,B}if up,=0.
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shock in A. The CB of A responds to the markup shock optimally considering its
output target, }Z/ﬁt, and domestic PPI, m4;. In other words, it balances domestic
output gap and domestic PPI at the optimal (2.7). In C, a positive shock to A’s
markup pushes domestic PPI upwards. B’s output and PPI remain unchanged again
for the same reason explained in F. This time, the CP maximizes welfare of the
world economy, therefore, it stabilizes domestic output to minimize deviation from
domestic output target of the world economy }:/ji‘jt, rather than domestic output
target of A }:/:214,7&' This indicates a higher deviation for A from its own domestic
output target. Domestic PPI is lower in € compared to &, however, the change
and its effect on welfare is considerably smaller. Consequently, cooperation causes
loss in welfare for A when a domestic markup shock hits the economy. In M, a
response to a shock (an interest rate increase or decrease) to stabilize A’s output
and inflation automatically incites an unwanted shift in foreign output and foreign
PPI. Therefore, the CB of the union reacts less aggressively then it does in €. This,
in turn, tempers A’s loss from inefficient response of domestic output gap. Still,
the monetary policy response causes foreign output and foreign PPI to deviate from
their targets. This is in fact an example of the one-size-fits-all cost of the monetary
policy in a monetary union. This cost remains relatively small.

Figure 2.2 presents same graphs for a positive markup shock in B. Cooperation
(€) improves responses to A’s foreign output gap because the CP aims to stabilize
B’s output at a level closer to the first best of A compared to F. Foreign PPI also
decreases compared to F but the change is relatively small. In M, a monetary policy
response to B’s markup shock affects A’s output gap and PPI as in the previous
case. Therefore, A suffers from the one-size-fits-all cost. Nevertheless, the CB of the
union tries to stabilize the economy at the same level as the CP in € does. Overall,
in M, A experiences a smaller deviation from its foreign output target compared to
F.

From a national welfare perspective, the monetary union improves responses to
foreign inefficient shocks whereas it worsens responses to domestic inefficient shocks

due to inherent cooperation. It follows that as domestic shocks outweigh foreign
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Figure 2.2: Impulse responses to a positive markup shock in B (fig) given the
parametrization at Table 2.1 with 0 = 1.

shocks, I becomes preferable for a country because the domestic country prefers to
dismiss the foreign country when it responds to its large domestic markup shocks. It
is willing to bear the relatively small (because foreign inefficient shocks are relatively
smaller than domestic shocks) cost of spillovers of independent foreign monetary
policy which ignores domestic welfare. If foreign shocks are larger, then a country
particularly suffers from independent foreign monetary policy. Then, this country
prefers M over F because in M the CB considers welfare spillovers. In this way,
by the nature of the monetary union, this country compels the other to cooperate
in monetary policy. In other words, a country has an incentive to join a monetary
union to “tie the hand of the other” in monetary policymaking.

Figure 2.3 shows contributions of domestic ([:/ 4) and foreign (ﬁ/A iy 4) parts to
national welfare as a function of the relative standard deviation for &, C, and M.
The standard deviation of B’s markup shocks are kept constant but the standard

deviation of A’s markup shocks is changed. In all monetary regimes, the domestic



Chapter 2: Tying the Hand of the Other: A Decision to Join a Monetary Union 27

Contribution of domestic parts (L)

_10 1 1 1 1 1
1 1.5 2 2.5 3 3.5 4
Oa/ O
(a)
Contribution of foreign parts (I/I:/' — i)
-0.1 T
-0.2¢ 1
-0.3 1
-0.4 o
-0.5 1
m==Monetary Union (M)
-0.6 [l== Flexible ExR. (F)
Cooperation (C)
_0.7 1 1 1 1 1
1 1.5 2 2.5 3 3.5 4
Oina/ Ty
(b)

Figure 2.3: Contributions of the different parts to welfare loss function of A as

a function of nominal price rigidity given the parametrization at Table 2.1 except
0=1.

part of national welfare decreases as the relative standard deviation increases be-
cause the standard deviation of A’s markup shocks increase. Meanwhile, welfare
loss difference between M and JF also increases, making M more costly. On the
other hand, the contribution of foreign parts to national welfare in ¥ and € do not

change based on the relative standard deviation of inefficient shocks because the
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standard deviation of B’s markup shocks is constant and B’s output and PPI are
set independently from A’s shocks and A’s monetary policy. Nevertheless, F is wel-
fare decreasing compared to € in terms of the foreign part. M improves A’s national
welfare loss through the foreign part up to a point. National welfare decreases as
the relative standard deviation increases because domestic inefficient shocks become
larger, welfare loss originating from the one-size-fits-all cost increases. After a while
the cost exceeds gains from cooperation and M worsens A’s welfare in terms of the

foreign part as well.

National Welfare Loss Differences (M — F)
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Figure 2.4: Welfare loss difference of A and B as a function of the relative standard
deviation (¢, /0;,) given the parametrization at Table 2.1 except 6 = 1.

Since this mechanism applies to B as well, M becomes preferable for B as the
standard deviation of A’s markups increases and vice versa. If the standard devi-
ations of A’s and B’s markup shocks are close, then the monetary union is a PI.
Figure 2.4 presents national welfare loss differences of both countries between M and
F as a function of the relative standard deviation. As in Figure 2.3, the standard
deviation of B’s markup shocks is fixed and the standard deviation of A’s markup
shocks changes. The horizontal black line is the zeroline. Above the zeroline, M
dominates &, below the zeroline ¥ dominates M. At the beginning, M is welfare in-

creasing for A but decreasing for B because A’s markup shocks are relatively smaller
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than B’s markup shocks. As A’s markup shocks get larger, M becomes welfare in-
creasing for B as well. M is a PI between the dashed lines. However, when A’s
shocks become much larger than B’s shocks, M becomes welfare decreasing for A.
This leads to the conclusion that for a monetary union to be a PI, the variance of

inefficient shocks in countries should be close.

2.3.2 The General Case

In the general case, in addition to aforementioned mechanisms, the beggar-thy-
neighbor effect (Corsetti and Pesenti, 2001) exists across countries: a change in the
terms of trade affects countries’ outputs and PPIs through the aggregate supply
equations in all monetary regimes. This means that domestic policy affects foreign
output and foreign PPI. Therefore, a CB reacts to foreign shocks to adjust the
terms of trade. Appendix C presents IRF's of A’s domestic and foreign output gaps,
domestic and foreign inflation, and the terms of trade gap to positive markup shocks
(domestic and foreign) in &F, €, and M.® Nevertheless, the main mechanism remains
intact. € improves responses to foreign shocks but worsens responses to domestic
shocks slightly less. In M, output gaps (except the domestic output gap when
domestic markup shock hits) and PPIs are larger compared to €, however, they are
still better off relative to F in terms of domestic welfare.

Figure 2.5 shows welfare loss differences of A and B as a function of the relative
standard deviation of markup shocks as in Figure 2.4 given the specification at
Table 2.1. As in the previous case, M is welfare decreasing for a country which has
considerably larger shocks. Therefore, M is a PI only if the variance of inefficient

shocks are close.

2.3.3 Efficient vs Inefficient Shocks

Efficient shocks do not create trade off between output gap and inflation: The

CP stabilizes A’s and B’s outputs at averaged targets and PPIs simultaneously.

8Tn the special case, the calibration in Table 2.1 is used except the trade elasticity @ is set to

1. In the general case, the calibration in Table 2.1 is used exactly.
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National Welfare Loss Differences (M — F)
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Figure 2.5: Welfare loss difference of A and B as a function of the relative standard
deviation (0, /0;,) given the parametrization at Table 2.1.

Inherent cooperation in M becomes desirable only to terminate the beggar-thy-
neighbor effect in F. In return, countries suffer from the one-size-fits-all cost of
the monetary union. Consequently, as Pappa (2004) finds, the monetary regime
choice depends on whichever dominates the other which in turn is determined by
model parameters, e.g. the price rigidity and the trade elasticity. As shocks become
similar, the cost of the one-size-fits-all monetary policy decreases. If p = 0 = 1,
then the monetary union is welfare decreasing in national level (implying that it
is welfare decreasing economy-wide) because (i) output targets of both countries,
therefore, cooperative targets coincide, (ii) gains from shifting the terms of trade
(the beggar-thy-neighbor effect) is 0. Then, F mimics €’s allocations. In this case,
M (being a constrained version of €) cannot make national welfare strictly better
off than €. If efficient shocks are perfectly correlated, then welfare loss difference
between F and M is 0 because in addition to (i) and (ii) the one-size-fits-all cost
disappears.

This leads to the conclusion that if the variance of efficient shocks outweigh the
variance of inefficient shocks in an economy, the classical criterion stands: Countries

which experience similar efficient shocks should establish monetary unions. Other-
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wise, if inefficient shocks dominate the economy, countries should form a monetary

union only if the variances of inefficient shocks between different countries are close.

2.4 Conclusion

This chapter explores the monetary regime choice between the monetary union and
the flexible exchange rate regime. It reveals that if an economy has inefficient shocks
creating trade offs in macroeconomic stabilization, and countries are large enough to
have an impact on each other, then the relative variance (mean preserving spread)
of inefficient shocks should be accounted for in the monetary regime choice.

In a flexible exchange rate regime, a country suffers significantly from the foreign
monetary authority’s policy responses to foreign inefficient shocks. A monetary
union, however, inherently imposes cooperation in the sense that the CB of the
union takes into account welfare spillovers across countries. Cooperation improves
responses to foreign inefficient shocks whereas it worsens responses to domestic ones.
Therefore, a country chooses to establish a monetary union with another only if the
variance of foreign inefficient shocks are close to or larger than variance of domestic
inefficient shocks. This is on the condition that adopting a common currency (the
fixed exchange rate) has little or no cost.

It is commonly accepted that joining a monetary union entails a trade off between
monetary autonomy and credibility. This trade off is rather independent of other
members of the union. However, in the case being examined (LOE framework with
inefficient shocks), a country uses the union as a tool to “tie the hand of the other
country”, i.e. to compel a foreign country to cooperate and consider monetary policy
spillovers. This means that a country has an incentive to join a monetary union if
other prospective members experience relatively large inefficient shocks, and they are
large enough to impact the domestic country. Since this is a reciprocal relationship,
a monetary union is a PI only if the inefficient shocks of its members have close

variances (mean preserving spreads).
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Chapter 3

TYING THE HAND OF THE OTHER: THE EFFECTS
OF THE PRICE RIGIDITY AND THE TRADE
ELASTICITY

3.1 Introduction

Chapter 2 presents the incentive to join a monetary union in order to “tie the hand
of the other” countries. It discusses that in the flexible exchange rate regime a coun-
try’s monetary responses to domestic cost-push shocks may harm another’s welfare
through spillovers. In brief, cost-push shocks create trade offs between output and
inflation stabilization. The optimal trade off from a national CB’s perspective is
suboptimal for other countries.! In a monetary union, the CB which aims to maxi-
mize welfare of the union considers welfare of all members of the union. In a sense,
it imposes an inherent cooperation between the union members in monetary pol-
icymaking. This cooperation worsens monetary responses to domestic cost-push
shocks but improves monetary responses to foreign cost-push shocks from a na-
tion’s perspective. Consequently, a country prefers to join the monetary union if
foreign countries’ cost-push shocks outweigh or are close to the domestic cost-push
shocks. In other words, the monetary regime choice between the flexible exchange
rate regime and the monetary union should depend on the relative variance (mean
preserving spread) of cost-push shocks. Since this effect is reciprocal, in an economy
dominated by the cost-push shocks, a monetary union is a PI if cost-push shocks of
prospective union members have close mean preserving spreads.

Chapter 2 shows this result using a two-country economy model based on Corsetti

LChapter 2 refers to cost-push shocks as inefficient shocks. This difference does not have a

particular reason.



Chapter 3: Tying the Hand of the Other: The Effects of The Price Rigidity and The
Trade Elasticity 33

et al. (2010). It relies on a numerical analysis. It calibrates the two-country model
produces ex-post national welfare loss differences between the flexible exchange rate
regime and the monetary union as a function of the relative standard deviation of
cost-push shocks. However, it is silent about the effects of the important character-
istics of an economy on the “tying the hand of the other” incentive.

This chapter investigates the effects of the price rigidity and the trade elasticity
on the “tying the hand of the other” incentive.? It finds that this incentive de-
pends strongly on the price rigidity and the trade elasticity. More flexible prices
compensate monetary policy shocks and the exchange rate inertia more effectively.
Therefore, the need to “tie the hand of the other” country diminishes. As the price
rigidity increases, welfare loss due to a foreign country’s monetary responses to the
foreign country’s own cost-push shocks soars. This is significantly reflected in wel-
fare loss due to the variation in foreign output gap. The incentive of “tying the
hand of the other” increases and the cost of the monetary union decreases or the
monetary union dominates the flexible exchange rate regime.

The trade elasticity has two main effects on national welfare. As the trade
elasticity increases, output becomes more sensitive to the term of trade. Welfare
spillovers of a country’s monetary responses increase. Therefore, the importance of
the inherent cooperation in the monetary union increases with higher trade elas-
ticity. Chapter 2 shows that the inherent cooperation can be welfare increasing or
decreasing depending on the relative variances of cost-push shocks. Under symmet-
ric parameters and shock structures,® as the trade elasticity increases, the incentive
to “tie the hand of the other” country appreciates. On the other hand, the exchange

rate inertia in the monetary union is compensated much easier if the trade elastic-

2As mentioned in Chapter 2, the trade elasticity is also referred as the intratemporal elasticity
of substitution. In fact, it is the elasticity of substitution between Country-A’s final good and
Country-B’s final good. It is equal to 6.

3“symmetric parameters and shock structures” means that the price rigidity in countries are
identical, both countries have 1/2 weight in population, shock persistences and variances are iden-
tical. However, this does not mean that shocks in each country (e.g. markup shocks in A and B)

are identical.
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ity is high. Under symmetric parameters and shocks, the exchange rate inertia is
welfare decreasing for both countries. Therefore, as the trade elasticity increases
the national welfare cost of losing the exchange rate flexibility diminishes. If the
trade elasticity is low, then it is possible that welfare loss from the exchange rate
inertia dominates gains from “tying the hand of the other” country. In this case, the
flexible exchange rate regime dominates the monetary union. If the trade elasticity
is high, it is likely the monetary union dominates the flexible exchange rate regime.

Section 3.2 presents the methodology, Section 3.3 discusses the effect of the price
rigidity and the trade elasticity on the monetary regime choice and the “tying the

hand of the other” incentive, Section 3.4 concludes.

3.2 DMethodology

Chapter 3 continues with the model described in Chapter 1. The model and LQ
Approach is explained in details in Chapter 1 and Chapter 2. Chapter 2 simulates
the model using random shocks and computes ex-post national welfare loss difference
for 200 periods. It repeats this for many values of the relative standard deviation of
cost-push shocks and obtain welfare loss difference between F and M as a function
of the relative variances of cost-push shocks.* Chapter 3 follows a similar numerical
analysis. It computes ex-post welfare loss differences using the same method. It uses
the calibration provided in Table 2.1. For convenience, the calibration is presented
again in Table 3.1.

In order to observe the effect of the price rigidity, it computes ex-post national
welfare loss differences between F and M for 101 different values of a € [0; 1]. Then,
it obtains welfare loss difference between F and M as a function of the price rigidity
() between 0 and 1. To avoid possible changes due to random shocks, the same
set of random shocks is used for every simulation of welfare loss difference with a
different «. To check robustness, different sets of randoms shocks are tried (not

provided in the dissertation). Results remain intact. This exercise is repeated for

4M and J stand for the monetary union and the flexible exchange rate regime respectively.

They are described in details in Chapter 2.
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Table 3.1: Calibration

Parameter Variable name Value
15} 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 A and B goods 2.00
a Calvo parameter for i = {A, B} 0.66
n Relative size of domestic country 0.50
~y Persistence of shocks v, = Vs = Yar = Vas 0.70
ol Variance of shocks’ innovations o7 =03 =02, =02, 0.01

different levels of the trade elasticity 6 € {0.5, 1.0, 2.0, 2.5}. As a result, national
welfare loss differences as a function of the price rigidity («) for different levels of

the trade elasticity (#) are obtained.

3.3 Welfare Analysis

Figure 3.1 presents welfare loss differences of A and B as a function of the nominal
price rigidity given the parametrization at Table 3.1 for alternative levels of the
trade elasticity (). It is easily seen that welfare loss differences of A and B are
fairly similar but not identical. This is because ex-post welfare loss differences are
used. In other words, welfare loss differences are computed for a set of random
shocks. As a result, small differences between welfare loss functions of A and B
are observed. Ex-ante welfare loss functions of A and B should be identical due to

symmetric parameters and shock structures.
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Figure 3.1: (a) Welfare loss difference of A between M and F as a function of
the nominal price rigidity; (b) Welfare loss difference of B between M and F as a
function of the nominal price rigidity.
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3.3.1 The Price Rigidity

The dynamics between welfare change and the price rigidity can easily be grasped by
analyzing different parts which contribute to national welfare. Figure 3.2 presents
contributions of the parts of the national welfare loss function of A as a function of

the price rigidity given the parametrization at Table 3.1.
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Figure 3.2: Contribution of (a) the domestic output gap, (b) the foreign output
gap, (c) the domestic inflation, (d) the foreign inflation, (e) the terms of trade to
the national welfare loss of A as a function of the nominal price rigidity given the
parametrization at Table 3.1.

More flexible prices compensate any exchange rate inertia and monetary policy
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shock better independent of the underlying parameters. Output and the terms of
trade gaps in &, C, and M converge to each other as a — 0. For the same reason,
contributions of both domestic and foreign PPIs to national welfare loss decrease.
This also indicates that the need for inherent cooperation imposed by M decreases.
At the limiting case of fully flexible prices (« = a* = 0), the monetary regime
becomes irrelevant for any value of the trade elasticity. This can be observed in
Figure 3.1.

Domestic and foreign PPIs have U-shape non-monotonic contribution (consid-
ered as a function of the price rigidity & = a*) to national welfare. They do not
have any contribution to welfare if prices are fully fixed just like if prices are fully
flexible. This is because under full price rigidity (« = o* = 1) inflation is always
0 irrespective of the monetary regime. In M, the terms of trade converges to 0
as a — 1 for it depends only on domestic and foreign inflation under a common
currency which can be observed from (1.31). In JF, the terms of trade depends also
on the exchange rate affected by the monetary policies. Therefore, the monetary
policies change output and the welfare loss difference does not necessarily converge
to 0 when a@ — 1.

Groll and Monacelli (2019) shows that if prices are fully fixed, then welfare of
the world economy is indifferent between € and M. This study takes this result
one step forward: A country is indifferent between € and M. Since this is true
for both countries, this validates Groll and Monacelli (2019)’s result. Nevertheless,
Figure 3.2 shows that even if prices are fully fixed, then the monetary regime is
relevant between 3 and M.

A key feature of Figure 3.2b is that as prices become less flexible, welfare loss
from variation in the foreign output gap in F soars. Therefore, the incentive to join
the monetary union in order to “tie the hand of the other” country substantially

increases.
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3.3.2 The Trade FElasticity

From Figure 3.1, it is obvious that the monetary regime choice is strongly related
with the trade elasticity (f) as well. The trade elasticity increases (decreases) if 6
appreciates (depreciates). The trade elasticity should be considered in two levels.
Firstly, as the substitutability between international goods decreases, outputs be-
come less sensitive to fluctuations in the terms of trade which can be observed from
(1.29). Therefore, the importance of the inherent cooperation diminishes. At the
limiting case of § — 0, each country consumes a constant share of domestic and
foreign goods. Then, welfare gains/losses from “tying the hand of the other” vanish.
Depending on the shock structures, e.g. variance of shocks, the regime choice of a
country may change. This is extensively studied in Chapter 2. Under symmetric
parameters and shocks, as the trade elasticity increases the incentive to “tie the
hand of the other”, hence, the incentive to join the monetary union rises.

Secondly, as 6 decreases, the inefficiency in the adjustment of the international
relative prices rises which in turn, coupled with the price rigidity, increases the
importance of the exchange rate flexibility. A country may prefer that the interna-
tional relative prices adjust poorly depending on asymmetric parameters and shock
structures. This is beyond the scope of this chapter. In this symmetric case, the
inefficiency in the exchange rate adjustment deteriorates welfare of both countries.

In the symmetric case, a country faces a trade off in the monetary regime choice.
In M, it benefits from the inherent cooperation but loses the exchange rate flexibility.
Whichever dominates the other strongly depends on the trade elasticity as can be
seen from Figure 3.1. Given a level of price rigidity, if the trade elasticity is high,
the incentive to “tie the hand of the other” country tends to outweigh the cost
of the common currency. Then, M dominates F. On the contrary, if the trade
elasticity is low, then welfare gain of “tying the hand of the other” country remains
small compared to the cost of losing the exchange rate flexibility. Consequently, F

dominates M.
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3.4 Conclusion

This chapter continues to study the monetary regime choice problem and the incen-
tive to join a monetary union to “tie the hand of the other” country. It investigates
how the price rigidity and the trade elasticity affect this incentive. It uses the two-
country model and L(Q Approach described in Chapter 1. It relies on the numerical
analysis method presented in Chapter 2.

It finds that as prices become more flexible, they compensate monetary policy
shocks or any exchange rate inertia more effectively. Therefore, the incentive to “tie
the hand of the other” country diminishes as well as any other incentive to choose
a monetary regime. At the limiting case of full price flexibility, the regime choice
becomes irrelevant. On the other hand, as the price rigidity increases, foreign mone-
tary policy actions in the flexible exchange rate regime substantially harm domestic
welfare. Welfare cost of variation in the foreign output gap soars. Therefore, under
symmetric parameters and shock structures, the regime choice shifts on behalf of
the monetary union above a level of price rigidity.

Furthermore, Chapter 3 concludes that the monetary regime choice significantly
depend on the trade elasticity. As the trade elasticity increases, outputs become
more sensitive to the variation in the terms of trade, therefore, to the foreign mon-
etary policy actions. The incentive to impose the inherent cooperation through the
monetary union increases from a country’s perspective. In addition to this incentive,
if the trade elasticity is high, then the exchange rate inertia in the monetary union is
compensated more effectively. Under symmetric parameters, both countries benefit
from “tying the hand of the other” and suffer from the fixed exchange rate - the
common currency - in the monetary union. Given a level of the price rigidity, if the
trade elasticity is low, then it is likely that a country prefers the flexible exchange
rate regime over the monetary union. This is because the welfare cost of the common
currency outweigh the benefit of “tying the hand of the other” countries. On the
contrary, if the trade elasticity is high, then welfare gain of “tying the hand of the

other” countries dominates the welfare cost of losing the exchange rate flexibility.
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Then, the monetary union dominates the flexible exchange rate regime.
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Appendix A

APPENDIX FOR CHAPTER 1

A.1 Deterministic Steady State

This section shows that there exist a zero-inflation steady state for the deterministic
problem of F, € and M. First, it is possible to define

o0
1 P P ot
_th = Et (Oéﬂ)k Ct+kaA’t+k< A,t-‘rk) ( A,t-Hc) (A].)
=0 Ht+k Piik P
0 1 P* P* o—1
gl - B,t+k B,t+k
F :Etz(o‘ﬁ)ku;+kct+k pYB,t+k< Pt{-—; )( PZ*+ ) (A.2)
k=0
Similarly,
o0

P o(1+n)

K, = EtZ(aﬁ)kat+knYA,t+kl+n( ;:;k) (A.3)

k=0 ’
o0
P o(1+n)
K zEtZ(aﬁ)ka;k—WBMHﬂ( ]ﬁf““) (A.4)
—0 Bt
Then, using the above equations, it can be written that
1= ally, " (F\
T—a (E) (A.5)
1 —ally,”t [ Fr\ o
l-a  \K;

(A.6)
Also, the law of motion of the price dispersion is
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—o(1+n)
1—ally 7
At _ aAt—IHA,ta(l+n) + (]_ — Ck) (TAOT) (A?)
—o(1+n)
1 - ally, o1\ 1
Ay = o Ay Ty 70 4 (1 - o) (1_—?) (A.8)

If the 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 the model described in
Chapter 1. The flexible exchange rate regime (F) and the cooperative exchange
rate regime (C) correspond to the “non-cooperative regime” and the “cooperative
regime” in Benigno and Benigno (2006) respectively. Then, following Benigno and
Benigno (2006), it is trivial that for Fyy = Fy, Fy = Fy, Ko = Ko, K} = K{ such
that E—% =1 and IIE;—% = 1, there exist a zero inflation steady state for & and C. This

steady state can be identified by

C=(@pn ") (A.9)
Yy =Yp=Y =C (A.10)
F=K=p'C"Y (A.11)

and Pj;;t = £ _ Ma; = lp; = 1, Cy = é, Yar = Yp; = _A = _B = Y;
F—K —F =K —=F=FK=F =R

Then, it must be shown that M has the same deterministic steady state. M
differs from € only in terms of the exchange rate regime: it additionally has the
fixed exchange rate condition (1.11). Therefore, in order to show that M has the
same steady state, it is sufficient to prove that this steady state satisfies (1.11).1

The fixed exchange rate condition can be written as

IThis comes from the following result: Let 2* = arg max f(z) subject to g(z) = 0 and also let

h(z*) = 0. Then, z* = arg max f(x) subject to g(z) = 0 and h(z*) = 0.
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T, S Upy

To1 SeqTlay

PpiPazy S 11y,
PayPpe1 Sio1llay

Ppy Py Py Pay 1 5 g,
P, Pyt Ppiy Py Sii1lay

Given the steady state variables, the above equation becomes

St
St—1

— A5, =0 WVt

=1 Wt

The steady state defined above satisfies (1.11) meaning that M has the same zero-

inflation steady state as & and €, and it is the one defined above.

A.2 Structural Equations

This section derives the structural equations provided in Table 1.1. The aggregate
supply relations (1.27) and (1.28), and the terms of trade - output relation (1.29) are
derived in Benigno and Benigno (2006). This section additionally derives the risk
sharing condition, the aggregate demand equations, the market clearing conditions
and the law of motion of the exchange rate.

By the market completeness assumption and the consumer’s problem, for any

household pair {7, k}

Clu _ Cf vt

Ct, CF

¢l G

L= 0wy
<~ C'tk C'(If

Ex-ante identical household assumption leads to ¢ = C¥ = C, = C;. For the

aggregate demand equation, one should refer again to the consumer’s problem. By

Woodford (2011, Chapter 2), it can be found that
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Ci? P N
E = (1 A.12
t0t+1_p P (1+2) ( )

o e\ —1 Cr=r Pi
Similarly, (1+4;)~' = E, i B

. Using (1.9), the above equation can be written

as

C? [n+(1—n)Tia' 7 i
Cip1? [+ (1 - n)ﬂl—@} =

The aggregate demand equations are obtained by log-linearizing the above equations.

Masyr = (1+4,)7" (A.13)

-0
Log-linearizing the market clearing condition Y, ; = (P]ﬁt’t> Ca, gives

1
Yar = :
[n+ (1 —n)Tin

-0
79] 1/(1_9)> Cay (A.14)

YyA,t = éét + (1 = n)@éﬂ

= YYq, =CC + (1-n)0CT, (A.15)
= Vy =Ci+0(1 —n)T, (A.16)

For Country B, it is
Y/B,t = CA’t - QnTt

The law of motion for the exchange rate is the following:

PgiPaz1  S; PpyPay
PatPein Sio1 Pay Phi
T, B Sy HE,t
T, SiiTlay

The above equation is the law of motion of the exchange rate for the flexible exchange

—

(A.17)

rate regime F. First order log-linearization of (A.17) is (1.30). If the exchange rate
is fixed, then S; = S;_; Vt. Therefore,

T T,
Ton Ilay
Similarly, (1.31) is obtained by log-linearizing (A.18).

(A.18)
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A.3 Welfare Criteria

Welfare criteria are identical to the ones in Benigno and Benigno (2006). Never-
theless, for convenience this section provides a sketch of derivations. The Technical
Appendix of the relevant paper can be referred for further details.? Second order

approximation to period t utility is

_ | 1 A N
wy = UcC|Cot 5 (1= p)CF = i Vay

1 y .
— 5 (L4 m)YE, + a7 naYa,
: (A.19)

—5h (0 + m)vangi(h)

+t.lp + O([[€]°)

Using Woodford (2011, Chapter 6), it is found that

0 (0.8} 0 (0.}
1 o?

t 0. () = t 0 (h) = 2 t 2: t 2
PILRTTYAN R, P S o
t=0 t=0 t=0 =0

(A.20)

The following equation is obtained by merging the two equations above and summing

over t with discount factor f.

o0
o -1 . .
W = UoCE, E B {ct + 5= )G — iV
t=0

——1 -2 B
p (L m)Ya, + i naYa, (A.21)

N~ N~

ﬁ_lak‘_lwA,tz

+t.d.p + O([[¢]]°)

Approximating to the structural equations up to second order and incorporating

them into the second order approximation of the welfare function gives

2The technical appendix can be found at http://personal.lse.ac.uk/BENIGNO/
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0
1- -~ *
Wy = _EUCCEO E B2} Quxs + 20,Qe&t + GraTas” + quWB,tQ}
t=0

_ 1 1
— UcCG [aywo + agbo + —SCGAgfo + _aﬂ’Aﬂ-A,OQ} (A.22)
- UCCCQ [b Zo + b fo + b/ ngo + = bﬂBT{'BO }
Ko+ t.ip+ O([[¢]]*)

where Ky = UcC[GV + GVy] and @) = [Ya, Cy pay Yay C; Py, Ti]. Following the

same process for the foreign country gives

oo
1 I 7 * * * * *
Wy = —5UcCE ) B [2 Q5w +20,QL6 + 43,7 + 03,75,
t=0

r 1 1
= UcCG [agwo + agéo + —xﬁAgfo + _aﬂ’Aﬂ-A,Oﬂ (A.23)
- UcCC2 [b/ Zo + b fo + b/ Bgﬁo + = bﬂBﬂ'Bo }
Ky +tip +O([¢]P)

where K¢ = UcC [Cf Vo+¢; VO*} Then, following Benigno and Benigno (2006) again,

the two equations below are obtained.

1 o0 R B " ~
Wa = _§Eo Z B [/\yA (YA,t - Yf,t)Q + Ays (Yth o Yfit)Q
t=0

. - A.24
+ A (Tt — TtA)2 + /\7rA7TA,t2 + )\rrBW*B,tz] ( )
+ Ko + tip+ O([[¢]]*)
=——EoZﬁf[ (Vs = VE) 445, (Vina = VE)°
(A.25)

X (T = TE) o+ X ma® + Xy 7h|

+ K +tip+ O([€])
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Welfare criterion of the monetary authority of the union is

~

o0
A S (i 7 x
W = _TyEo Oﬂt [n(YA,t - Yzziljt)Q +(1—n)(Y, — Ygat)Q
t:

+n(l—n)oy(T; —
Ky +tip+O([[¢]P)

where KV = nKy + (1 —n)K;. Vp and V; are defined in Benigno and Woodford
(2005) and Benigno and Benigno (2006). They are constituted of ¢ = 0 inflation, and
output at t = 0 and in succeeding terms. This means that they depend on monetary
policy. Let Vj and V' be given, then Ky, K¢, and K} are also determined. It follows
that first order approximations to Vo and Vi are w4 and 7}  respectively. Then,

o, . *
conditional on 740 and 7 g.

1« - 5 p %
Wy = _§E0 Z ek [/\yA (YA,t - Yf,t)Q + Ayp (YB,t o Yéty
=0

+ (T = T + Anymad® + Am}'&f] e
+tip+ O[]
- —3Eo Zﬁf[ (Vs = V2" + X, (Via — VL)’
+ )\Z(Tt - TtB) + A\ 7TAt + AL 7TBt } (A.28)
+tip+O(|[¢]F)
A e
W = —TyEOZ/Bt |:7’L(}A/A7t — }7/111515)2 + (1 — n) (YB,t — ?élit)2
t=0
1—n) , (A.29)
+n(1 —n)oy(T; — ) + _7TAt + %WBJ?}

+td.p + O([[¢]]°)
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Tapo and 7Tp o are arbitrary. Given w4 and/or 7p (depending on monetary regime),
welfare criteria rank monetary policies accurately in a monetary regime &, €, or M.
Benigno and Woodford (2005) shows that this initial condition for PPIs are compat-
ible with monetary policy from timeless perspective described in Woodford (1999).
Benigno and Benigno (2006) shows that initial conditions for domestic inflation in
two-country model is also compatible with monetary policy from timeless perspec-
tive. However, to be able to compare the two monetary regimes initial inflation
conditions, 749 and 7, must be identical in both monetary regimes.

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

ha =X [L =g N =[]

Ays = (1—n) [AZ’ aﬁf?’;)] A= [1 — n"l(f;?g)}

N =(1—=0p)0(1 —n) [nel(f;z) + (= n)ﬁ} A =(1- Hp)é’n[(l —n) 91(1;72) + nﬁ
My = § 0 + 155 Xy, = gnllt

Any = 2(1—n) 250 N z%[(1_n)9§l+_w+ﬁ]

Output and the terms of trade targets are

|

. I 1 1-=0+n0(14n)—n(l—-n)(1-0p), (1 —n)nn(1l — ph) . 6(1+n) .
Y, =— 1—
AN L 1+ 70 4 T R A fias)
(A.30)
~ 1 (1 —=n)nn(l—pb) ., 0(1+n)—n(l—0p) . 6(1+n) .
go=— 1 —(1-
B AyB[ o o (e e g — (1= )
(A.31)
- 1 1—46p
A_ L .
T; Y 07 ) (@A —ap,) (A.32)
> 1 0(1+n)—(1—n)(1—0p). (L —n)nn(l — pb) . 01 +mn) .
YP = + -—n——=
AN {7”7 1+ 10 fat 1170 P10 “’“}
(A.33)
~ 1 1(1—=n)nn(l—pb) 1-0+(1—-n)d(1+n)—n(l—-n)(1-10p), 6(1+mn).
YP, = _
o )‘ZB{ Thng AT 1+ n0 BN e
(A.34)
~ 1 1—46p
p_Lt 1—6p
:th )\* 1 +n9 (G’A,t aB7t) (A35)

Below, national targets as well as weights of outputs, PPIs, and the terms of trade in welfare

criteria when p = 6 = 1 are presented.



Appendix A: Appendiz for Chapter 1 54

Xy =)

%?JA = %.ZA = (1 + 77)”

Mia =N, =@+ -n)
A=A —0

5\7"A = j\;k!'A =%

j\ﬂ'B = 5‘;3 = U(lT_n)

Output and the terms of trade targets when p =60 =1 are

= 1 R .
f,t =z [UnaA,t +(1— n)ﬂA,t} (A.36)
)\yA
£ 1 ~ ~
== [0 = nap, — (1= n)iin] (A.37)
/\ZJB
- n 2 .
T = m(ﬂm,t —ap) (A.38)
X 1 ¥ .
f,t =z [m}aA,t - n,UA,t] (A.39)
/\ZIA
x 1 N R
Bt == [(1 —n)nap,: + nMB,t} (A.40)
Ao
P (4, A
t = aat—ap.) (A.41)

n(1—n)(1+mn)
A.4 DMonetary Policy Problems in &

In the flexible exchange rate regime, the optimal monetary policy problem for A’s monetary au-
thority is to maximize (2.1) subject to (1.27), (1.28), (1.29). Lagrangian of the problem can be

written as

oo

1 N ~ N - N -

L =Eo Zﬁt{ ~3 |:>‘TJA (Ya,:— Yf,t)Q + Ay (YBt — Yé4,t)2 + X (Tt — TtA)2 FArama s’ 4 Anp W*B,tz]
=1

+ Ot [6Et7TA,t+1 +r(Yar —Y&,) +Q —n)ry(Ty — T) 4+ us — WA,t]
’ (A.42)

+ 192},,5 [BEtW*B,t+1 + K" (VB,t — ?ﬁt) — nn*w(’ft — Ttw) +uy — TI'*Byt]

+ 97,0 [07 [(Va = Vi) = (Voo = V)] = (B = T3)] }

Urt, Uy s, U4 are time dependent lagrange multipliers for (1.27), (1.28), (1.29) re-
spectively. First order conditions with respect to )A/Avt, ngt, Taz, and T, are respec-

tively
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gy (Yay = YY) + Onik + 05,07 =0 (A.43)

Ay (Y — YY) + 056" — 05,070 =0 (A.44)

N Tasr = Vgp +Vmpq =0 (A.45)

-\ (T — TtA) + V(1 =)k — 07 nk™p — g, =0 (A.46)

B’s monetary problem is symmetric to A’s problem. w,, w,, wy, are lagrange

multipliers for (1.27), (1.28), (1.29) respectively for B. First order conditions to B’s

problem are

Ay V' 240 &9 & (A.AT)

_AZB (?th - ?gt) + w;,t“* - Wir,tefl =0 (A.48)

~ Ny TBt — @yt @y =0 (A.49)

-\, (T - TtB) + @r (1 = n)syY — @, nk* Y —wg,; =0 (A.50)

A.5 DMonetary Policy Problem in M

Monetary problem in the union is to maximize W subject to (1.27), (1.28), (1.29),
(1.31). Lagrangian of the problem is

o
L Eotz_;fit{ - %’U [n(m,t YD)+ A=) (Ve — V&) +n(l —n)ow(Ty — 1) + U—:m,{" + "uﬂ: n) W*Bf]
+Ont [ﬁJEtrrA,m +u(Yae = Yi,) + 0 —n)rp(Te — T{°) +ue — m,t}
+ 95 [BEtW*B,tH + 1 (Voo = YE,) —ne*y(Te = T)) +uf — W*B,t]
+ 7, [9’1 [(Vae =Y&)) = (VB = V8 ,)] — (T - ft’““)]
+ Vit [ATh 4 A — 7h, = 0] }

(A.51)

First order conditions are
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—n(Yay — Y{,) +Onek + 05,07 =0 (A.52)

—(L=n)(Yp, = YE,) + ek — 05,0 =0 (A.53)

- "—:m Dy 4 Vpyr + Vs = 0 (A.54)

- %@i — Ot 4 Ompe1 — Vg = 0 (A.55)

—n(1=n)0(T, = T°) + (1 — n)sptey — nk™ P, — O34 + Vpsy — Bxssr = 0
(A.56)

Under the assumption that xk = x*, it is obtained that

—o(nma;+ (1 —n)mp,) =nAVa, = YE) + (1 —n)A(Yp, — YY)  (AS57)

A.6 DMonetary Policy Problem in C

Monetary problem in the cooperative flexible exchange rate regime is to maximize
W subject to (1.27), (1.28), and (1.29). Lagrangian of the problem is

o0
Ay « - . - s\ = 1-—
< =1EoZBt{ T [n(Fa — VE)? + (=) (Vo — T80 (1 =m0 (B = T)* 4 Do 2 4 Ty 2]
t=1

+ Ot [5Et7FA,t+1 + H(?A,t - f/,f{it) +(1- n)mp(f‘t — Ttw) + up — WA,t}
+ 5 [ﬁEﬁr}}ﬂ%l + Kk* (YB,t - Yﬁt) — nn*lp(Tt - Ttw) +uy — ”*B,t]

[0 (s = V) = (- ¥ - - )]}

(A.58)
First order conditions are
—n(Yay — YP,) + Onik + 05,00 =0 (A.59)
—(L=n) (Y — YE,) + 0nui™ — 05,0 =0 (A.60)
— O-—:ﬂ'A,t - ’l9ﬂ-’t + ’lgﬂ-’t,1 = O (A61)
1 _
- %@i Vg ygg =0 (A.62)

—n(l—n)oy (Tt - Tt“’) + (L= n)spidy — nk™ Py, —dg, =0 (A.63)
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A.7 Proof of Proposition 1

This section provides the proof of Proposition 1. It shows that in F, €, and M, if
& =& =laa ap pa pp)', then the optimal monetary policy satisfies 49 = g = 0.
Notice that this is in fact a trivial proposition. If the economy is in the steady state
at ¢ = —1 and shocks are absent in ¢ = 0, then the economy is in the steady state in
= 0 as well. It follows that in all three regimes, in the steady state, 14 = m5 = 0.
Then, ma0 = 7.
Nevertheless, the section shows that for each regime §, = £ implies 40 = g =
TA = TB.

It is noted that in all three regimes, if §, = [aa ap pa pp], then

Ve, =YY= V. S = lF— YT Ty == 0 (A.64)

First, M is inspected. Combining (1.27) and (1.28) gives

= BB + kY + uwy (A.65)

Trt = BER 41 + KY Ry + Ry (A.66)

with m = nmay + (1 —n)rp, and Yy = nf/Aﬂg + (1 - n)YB,t, TRt = TAt — Tp, and
Ypt = XA/M — }A/B,t. Similarly, the optimality condition in M given by (A.57) can be

written as

—om = AY, (A.67)

Then, the economy wide average inflation and average output can be solved using

(A.65) and (A.67). Combining (A.65) and (A.67) gives

7 = PEm 1 — okT_1 4 + uwy

STy — To1y—1 = PET 11 — BT_1y — ORT_1 4 + Uy

1+08+o0k 1 1
5T7Tl,t - Eﬂ!l,tfl - BUW,t (A-68)

SEm 141 =



Appendix A: Appendiz for Chapter 1 58

t .. . . . .
where m_1, = ) ;_,m. This is a second order stochastic difference equation and it

can be shown that

)

mT—1,0 = To = WUWD (A69)
where ® € (0, 1) is the eigenvalue of (A.68). upw, = 0, therefore,
Yo=10 (A.71)

Using (A.66), (1.29), and (1.31), it is also possible to derive the following equation

1+ 84K+ K1)~ 1 1
6 g E¢>ﬂ - Bﬂ_l + BUR’t (A72)

(A.72) is fairly similar to (A.68). It is trivial that for ugo =uy —ui=u—u*=0

BTy =

To=0 (A.73)

Combining (A.73) with (1.31) gives ma9 = 7. It follows that using (A.70), it can
be obtained that

Ta0="7po =10 (A.74)

Then, it is concluded that if {, = &, then 749 = 759 = 0 in M.
In €, (A.65) and (A.66) hold because they are derived from (1.27) and (1.28)
independent of the monetary regime. It follows that combining first order conditions

of monetary policy problem in € gives

—O0TpL = A?A,t (A.75)
—0TBt = A?B,t <A76)
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Averaging the optimality conditions above, (A.67) is obtained. Then, as in M,
(A.70) and (A.71) holds. This is an irrelevance result provided by Groll and Mona-
celli (2019, Proposition 3). It is also possible to combine (A.75) and (A.76) with
(1.29) to get

H(Tt — Tt,l) = —0TRy (A.77)

Then, (A.66), (A.67), and (A.77) are used to get

. o0 +07108 — KO+ kY, 1 1
KTy = o103 T — ETt—l = mumt

(A.T8)

Then, as in (A.68) and (A.72), it can be shown that if £, = £ the above equation

gives
=0 (A.79)

(1.29), (A.71), and (A.79) implies that Yo = Yo = 0. (A.75) and (A.76) shows
that 740 = mpo = 0. This concludes that if {; = &, then 749 = 5o = 0 in C.

In &, combining (A.43), (A.44), and (A.46) gives

Ny 4 (1 =0y, Ya, — nd,, Yi, — (1 4+ 90 g, =0 (A.80)

Combining (A.43) and (A.45) gives

A - 1
—AraTat — %AYAJ + %(197,15 —U34-1) =0 (A.81)
Combining (A.80) and (A.81) to get rid of Jg; gives
(1 —n)Ay, YAy, ’ Ag ;

/AN /Y T ¢ N R
9/4;(1—}—/-@91)) MR+ k0P k(1 + kO1)
(A.82)

A
_)\WAWA,t_<%+ :O
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Following the same method for Country-B gives

T+ (L= )X, (Yay — Y2) —nX; Vi, — (1+¢0 g, =0 (A.83)

and

AS 1
_/\:rBWE,t - ,‘ZB AYB7t + %(w:nt - wg',t_]_) =0 (A84)

Again, combining (A.83) and (A.84) to get rid of wy, gives

SN+ %Af@m - (% + %)A?B,t - ;\—ZTt — 0 (A85)
(A.82), (A.85), (1.27), (1.28), (1.29) constructs a system of equations composed of a
vector of endogenous variables X; = DA/A’,: YB,t T, 7 A+ Tpy) and exogenous variables
U = [up uf]. If & = &, then Uy = 0 and following Blanchard and Kahn (1980)
method, it is easy to see that Xy = 0. Therefore, if §, = &, then 749 = 7o =0 in

J.
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Appendix B

APPENDIX FOR CHAPTER 2

B.1 Monetary Policy Problems in ¥ (p =60 =1 Case)

Under the assumption of p = = 1, A’s monetary policy is to maximize (2.1) subject

0 (2.4). Lagrangian of the problem is

—EOZW{ [ (Var = Y24)" + Mys (Voa = YE) + Aeamas” + Aeph,”

+ 0y [ﬁEtﬂA,tH + K(YA,t — Y/Xft) + U — 7TA¢} }

(B.1)
First order conditions are
— Ay, (YA,t - Y/ABit) + ﬁw,t/f =0 (B.2)
- A7TA7TA,t - 1971’715 + 197r7t—1 =0 (Bg)
Combining the first order conditions gives
)\yA ¥ A
- )\7TA7TA7t = 7A(YA¢ - YA,t)
& — 0Ty = A(YAt — f@ft)
Following the same process for B gives
—0TBt = A(}A/B’t — Y/BB,t) <B4)

The two optimality condition along with (2.3) and (2.4) pin down all endogenous

variables.
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B.2 Monetary Policy Problem in M (p =60 =1 Case)

Monetary problem in the monetary union is to maximize W subject to (1.27), (1.28),

(1.31). Lagrangian of the problem is

Ay Craw \ 2 ¥ Crw (
Iy EOZﬁt{ — Ty[ (Yae—YH) +(1—n) (Y, — YBt) + —7rAt A
+ Ury [mEtWA,tH + K(YAJ - Y/,ijt) + up — WA,t}
Uiy | BEimh i + 1" (Voo — YE) + i — 7

+ Vgt [ATt + A — Tpy = O] }

(B.5)
First order conditions are
—n(Yay = Y§,) +Opik + 05,00 =0 (B.6)
— (1 — n) (YB,t - ?éljt) + 197|—,tl€* - 19{]"15(9_1 =0 (B?)
- “—:m,t — Vg + Ompr + Vpey = 0 (B.8)
o(l—n) ,

- %WBJ - ?97“,5 + /ﬁﬂ',t—l - ﬁEx,t =0 (Bg)
— V74 + Vet — VBxer1 =0 (B.10)

Under the assumption that kK = Kk*,

—o(nmay+ (1 —n)mp,) =nAYa, = YP,) + (1 —n)A(Ys, — YE,)  (B.11)

B.3 Monetary Policy Problem in C (p =60 =1 Case)

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

W subject to (1.27), (1.28). Lagrangian of the problem is
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Ay = - = on o(l—n) |
c E025t{ - 7@’[ (Vae =Y + (1= n) (Vo = V)" + Toma s + %wat?

+ Uny [ﬂEtﬂ-A,t—f—l + K(YA,t — f/,ffjt) + up — WA,t}

V| BB 0+ 7 (Vo = Vi) + ) — }

(B.12)
First order conditions are
—n(Yay = Y5,) +pik =0 (B.13)
—(L=n)(Yp — YE,) +Opuk™ =0 (B.14)
on
oA Urp+ BUr-1 =10 (B.15)
1—
- ( e n)W*B,t —Vrt+ U741 =0 (B.16)
Using first order condition,
—0TAL = A(Y/Aﬂg — ?th) (Bl?)
—0TBt = A(}A/B,t — ?ﬁt) (B18)

B.4 First Best Solution for A in a Flexible Exchange Rate (p = 6 =1
Case)

The first best monetary policy for A is the policy which maximizes W,. Then,
monetary policy problem is to maximize 1,4 subject to (2.3) and (2.4). Lagrangian

of the problem is
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= > 1 ~ = 9 ~ = 2 .
L=Wa=E ) ﬁt{ -3 [AyA (Yae = i)+ Np (Vaa — V5" + Anamad® + AﬂBwB,f]
t=1

+ Ury [5Et7TA,t+1 + H(YA,t — Y/,ffjt) + up — WA,t}

+ 19;,:: [/BEtﬁg,Hl + K (?B,t - i/éu,t) +uy — W*B,t} }

(B.19)
First order conditions of this problem are
— Ay (Yar = Y3Y) + 0r0 =0 (B.20)
- >\7rA7TA,t - 1971',15 + 197r,t71 =0 (B21)
- )\yB (?B,t - ?E?,t) + 19#,16“ =0 (B.22)
- )\ﬂBﬂ-B,t - 197r,t + 197r,t—1 =0 (B23)
First order conditions give
—O0TAL = A(}/}A,t - }N/;Iét) (B24)

—0TBt = A(YAvBﬂg - {}ét) (B25)
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Figure C.1: Impulse response functions of a positive domestic markup shock (fi4)
given the parametrization at Table 2.1.
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Figure C.2: Impulse response functions of a positive domestic markup shock (/ip)
given the parametrization at Table 2.1.



