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Abstract

English: In this thesis I study different kinds of monetary and fiscal policy issues by
using fully microfounded general equilibrium models. The first chapter addresses the
question of how monetary and fiscal policy should be conducted in a monetary union
where there is a single central bank that sets the common interest rate while govern-
ments still retain full independence in fiscal policy decisions. The second chapter is
devoted to study whether it is possible to rationalize, within a fully microfounded New
Keynesian framework, the existence of a monetary union. The last chapter investigates
to what extent the incentive of open economy policy makers to improve the terms of
trade in their favour can be outweighed by the production relocation externality (the

so called home market effect).

Resumen

Espanol: En esta tesis estudio varias cuestiones de politica monetaria y fiscal usando
modelos de equilibrio generales completamente micro-fundados. El primer capitulo
trata la cuestion de como las politicas monetarias y fiscales se deben conducir en una
union monetaria donde hay un solo banco central que fija el tipo de interés comun
mientras que los gobiernos todavia conservan independencia completa en las decisiones
de polticas fiscales. El segundo capitulo se dedica a estudiar si es posible racionalizar
en un modelo keynesiano completamente micro-fundado la existencia de una union
monetaria. El ultimo capitulo investiga en qué medida el incentivo de las autoridades
de politica econémica en una economia abierta de mejorar los términos de intercambio
en su favor, se puede compensar por la externalidad de relocalizacion de la produccion

(home market effect).
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Preface

Both the trade and the New Open Economic Macroeconomic literatures have empha-
sized how policy choices of open economy authorities may be biased by the incentive
of improving the terms of trade in their favour. This incentive causes a negative ex-
ternality on the welfare of the other country consumers and may give reason of why
the policy prescriptions valid in a closed economy do not hold once the economy under
consideration is open.

In this thesis, I first explore the implications of this terms of trade externality
for two different monetary policy issues. In particular, in chapter one I address the
question of how monetary (and fiscal) policy should be conducted in a monetary union
where, as in the EMU, there is one single central bank that sets the common interest
rate, but fiscal policies are chosen by autonomous authorities. In this kind of setting,
governments are concerned exclusively about the welfare of the households living in their
own country and have an incentive to affect their terms of trade in their favour. Indeed
by improving their terms of trade they can reduce domestic production and induce an
increase in leisure that, thanks to consumption risk sharing, more than compensates the
corresponding fall in consumption. This incentive is the cause of beggar-thy-neighbor
policies and leads to an inefficiently high size of governments and inefficiently low level of
output. These distortions are taken into account by the common central bank that looks
at the welfare of all the households living in the monetary union. In fact according to my
findings, but in contrast with the previous literature, when governments are autonomous
(i.e. mnot coordinated) the monetary authority does not stabilize the average union
inflation as if it were in a closed economy. More specifically, in response to technology
shocks it is not optimal to pursue stability: given the inefficiently high size of the public
sector, that kind of policy does not allow to close the output gap. In response to mark up
shocks instead the common central bank weighs more inflation than output stabilization

because in this way the inefficiently low level of average output may increase.



In chapter two I investigate within a fully microfounded New Keynesian frame-
work whether the incentive to improve the terms of trade can justify the existence of
a monetary union. To this end I used a DSGE model where the world economy is
constituted by small open countries that are split in two areas. Then I compare, in
terms of welfare, two policy regimes. Under the first policy regime, in one area there
is a common currency, while in the other area countries still retain their autonomous
monetary policy. Under the second policy regime, there are two monetary unions. In
the first regime where there is monetary independence, monetary policy can stabilize
optimally the effects of country-specific shocks. However, in that case, single countries
policy makers overlook the spillover effects produced on other countries welfare due to
their attempt to improve their terms of trade. Moreover they do not realize how their
joint action affects the world economy performance and the terms of trade across areas.
This explains why the second regime may be preferable to the first one: being in a
currency area entails not only a cost for not tailoring monetary policy to single country
economic conditions, but even some gains associated with the improvement upon the
conduct of national monetary policies. My results show that under markup shocks and
plausible calibrations, there may be welfare gains from adopting a common currency.

Conversely the last chapter of the thesidl| studies to what extent the incentive to
improve the terms of trade can be offset by the production relocation effect (the so
called home market effect). Indeed, the trade literature has emphasized how in the
presence of trade costs and increasing returns open economy policy makers may have
an incentive to impose a tariff on imports or to subsidize production in order to induce
firms to relocate to the domestic economy. We consider optimal trade policy in a
Krugman type model of trade. We conduct a general analysis allowing for two different
instruments: tariffs on imports and a production subsidy. For each instrument we
examine the optimal policy under cooperation and no-cooperation. Contrary to the
existing literature on trade policy in the Krugman model, we find that optimal trade

policy is not driven by a production relocation externality. Instead, we show that when

!This chapter is based on a joint paper with Alessia Campolmi and Harald Fadinger.
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properly modeling general equilibrium effects of taxes/tariffs, policy makers’ behaviour
is determined by a standard terms of trade effect and the desire to eliminate distortions

arising from monopolistic competition.
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1 Optimal monetary and fiscal policy in
the EMU: Does fiscal policy coordina-
tion matter?

1.1 Introduction

The birth of the European Monetary Union (EMU) has sparkled interest in the question
of how to conduct monetary and fiscal policy for a group of countries that share the same
currency. There is a growing body of research that has tried to assess this issue within a
fully micro-founded dynamic general equilibrium framework. However literature relies
on the existence of a supra-national authority to which all monetary and fiscal policy
decisions have been delegated. Yet, as matter of fact, in the EMU only the monetary
policy is under the control of a common authority, the European Central Bank (ECB),
whereas, even if bound by the Stability and Growth Pact (SGP), fiscal policies are
still decided at national level. Consequently the following questions arise: How should
monetary and fiscal policies be conducted in a monetary union where there is a common
central bank but autonomous fiscal policies? Does this institutional arrangement lead
to different normative prescriptions with respect to those highlighted by the previous
literature?

In order to answer such questions, in this chapter I uses a generalized version of the
DSGE model laid out by |Gali and Monacelli (20()9)E] and compares two different policy
regimes: the regime of fiscal policy coordination considered as a benchmark, already
analyzed by Gali and Monacelli (2009) themselves, |Beetsma and Jensen| (2004) and

(2005)7 and the regime of fiscal policy no-coordination.

1See also (Gali and Monacelli (2005). Differently from |Gali and Monacelli| (2009), not only final
private goods but even public goods and intermediate inputs are traded, while the elasticity of substi-
tution between home and foreign goods is not restricted to be equal to one. Moreover in the preference
specification the intertemporal elasticities of substitution of public and private consumption are not
necessarily equal. As it will be clarified below, the first two generalizations strengthen the incentive of
uncoordinated fiscal policymakers to generate aggregate distortions. Conversely the last assumption
is crucial to explain the results in the case of shocks to technology.

2Even [Ferrero| (2009) contributed to this debate. He analyzed the case of coordination in which,
however, the exogenous government expenditure is financed through distortionary taxes and riskless



In our basic setup, the world is framed as a continuum of small open economies.
Each country government chooses the optimal provision of a public consumption good
and sets a time-invariant labour subsidy. The presence of lump sum taxes ensures com-
pliance with SGP limits and rules out the additional problem of choosing how to finance
optimally the public expenditure. Within this framework, under fiscal policy coordi-
nation, monetary and fiscal policies are chosen by a common policymaker in order to
maximize the average union welfare. Conversely, under fiscal policy no-coordination}
there is a multiplicity of policy authorities each of them taking as given other policy-
makers’ decisions: governments that are concerned only about the welfare of their own
country and the central bank of the Monetary Union that has the maximization of the
average union welfare as objective.

According to my results, the no-coordination among fiscal authorities matters for
the design of both optimal monetary and fiscal policies. The driving force of this find-
ing stems from countries monopoly power on their terms of trade. Indeed, given the
imperfect substitutability between bundles produced in different countries, uncoordi-
nated policymakers have an incentive to try to influence the terms of trade in their
favour. This incentive works both at the steady state and over the business cycld’
At the steady state, independent fiscal authorities act as a monopolist. They try to
increase the demand of the home produced goods and to decrease their supply by over-
expanding government expenditure and reducing the labour subsidy. In this way they
seek to render domestic goods relatively more expensive in order to reduce their produc-
tion. In fact given that there is consumption risk sharing across countries, the increase
in leisure associated with a terms of trade improvement more than compensates the cor-

responding fall in consumption. In other words through a terms of trade improvement

bonds.

3There are some old contributions that consider the case of no-coordination (for instance Lambertini
and Dixit| (2003))). However, in general these papers do not assume fully-micro-founded welfare criteria.
An exception in this respect is the work by Lombardo and Sutherland| (2004). Yet they treat only
marginally the case of a monetary union and reach results opposite to those of this paper by assuming
an efficient steady state and considering only the case of optimal simple rules.

4 .as pointed out by the previous literature: see, among others, |Corsetti and Pesenti| (2001),
Benigno and Benigno) (2003) and [Epifani and Gancial (2009).



governments seek to externalize labour effort to other countries consumers.

Over the business cycle instead they use government expenditure to restrain the
terms of trade volatility and hence reduce the cost of the volatility of output or private
consumption at other countries’ expense.

This mechanism explains the differences in policy prescriptions under coordination
and no-coordination. Under the benchmark case of fiscal policy coordination, |Gali and
Monacelli (2009), Beetsma and Jensen (2004) and (2005) have pointed out two main
findings. Firstly, under the optimal policy mix, the common monetary policy should
seek to stabilize the average union inflation following the same normative prescriptions
valid in a closed economy. Therefore, under technology shocks, it should pursue the
stability of the average union price level; under mark up shocks, it has to trade off
between stabilizing the average inflation and the average output gap. Secondly, in a
monetary union fiscal policy is a useful tool for macroeconomic stabilization of single
country economies. Indeed, at single country level fiscal policy should be employed to
stabilize the effects of idiosyncratic shocks given that, because of the adoption of the
common currency, the central bank is able only to stabilize the aggregate economy.
However, at the aggregate level fiscal policy should only ensure on average the efficient
provision of the public goods.

Under fiscal policy no-coordination, the previous results no longer hold. With re-
gard to monetary policy, the common central bank should cope with the aggregate
distortions generated both at the steady state and over the business cycle by indepen-
dent governments and not stabilize the average union economy as if it were a closed
economy. Therefore in the presence of productivity shocks strict inflation targeting is in
general not optimal. In fact, under flexible prices output volatility is inefficiently high
for the at least two reasons. On the one hand national authorities have an incentive
to manipulate the terms of trade to their own advantage even over the business cycle.
On the other hand the steady state government expenditure share in output is ineffi-

ciently high and thus amplifies the effects of government expenditure shocks on output



ﬂuctuationsﬂ Moreover, in the response to mark up shocks, the monetary authority
should be much more aggressive in fighting inflation under no-coordination than under
coordination. This finding is explained by the inefficiently low steady state level of
output. Given that distortion, an increase in output volatility in response to mark up
shocks has some beneficial effects because it makes consumers willing to work more on
average driving the economy, by so doing, towards the efficient allocation.

With regard to fiscal policies independent governments do not ensure on average,
given their incentives, the efficient provision of the public goods. And, in the case
of mark up shocks they use government expenditure for stabilization purposes even if
shocks are symmetric. Indeed, by taking as given what other policymakers are doing,
they do not realize that the common central bank is already stabilizing the aggregate
economy and they go on seeking to stabilize, on their own, the undesirable effects of
mark up shocks.

The chapter is organized as follows. Section 2 describes the basic framework. Section
3 introduces the equilibrium conditions. Section 4 examines the case of full coordination.

Section 5 the case of no-coordination. Section 6 concludes.

1.2 The model

The currency union consists of a continuum of small open economies®l In each country
there are two sectors: a competitive sector that produces one final good by using both
home and foreign country intermediate inputs; a monopolistic competitive sector that
produces a continuum of intermediate differentiated goods by using as input labour

which is assumed immobile across countries.

5..at least under the baseline calibration. Given the inefficiently high steady state government
expenditure share in output, one percentage increase in the government expenditure expands more
output under no-coordination than under coordination. |Gali (1994) has already emphasized that the
government’s size may have an effect on output volatility.

6The general framework draws on |Galf and Monacelli (2005) and |Gali and Monacelli| (2009).



1.2.1 Preferences

Preferences of a generic country representative household are defined over a private

consumption bundle, C}, a public consumption bundle, G; and hours of labour Nt(h)ﬂ

00 Cl-o Gl—v N, (h)<p+1
LRy | Lt 0 1 1.1
;ﬁ 0{1—0+X1—7 p+1 <h< (1.1)

where, as usual, 3 stands for the intertemporal preferences discount factor and y is
the weight attached to public consumption. Agents consume all the goods produced in
the world economy. However preferences exhibit home bias. The private consumption

index is, in fact, a CES aggregation of the following type:

n
n—1 n—11n-1

Ci=1|(1- a)%CHt’t +anCr} n>0 (1.2)

with 1 —a being the degree of home bias in the private consumption and n denoting the
elasticity of substitution between Cp ¢, and Cp,. Cp, represents the home household’s
consumption of the single home final good while Cr; is a CES aggregation of the goods

produced in foreign countries namely:

1 n—1 71%1
Cry = { / o dj] (1.3)
0

1 then represents even the elasticity of substitution between different foreign goods.

The public bundle is defined similarly to the private bundle, that is:

n—1 1 n—1

G, = {(1 — V)G, + unGR’;} T >0 (1.4)

with )
L op-1 =
Gpt = [/ ij dj} (1.5)
0

where 1 — v indicates the degree of home bias in the public consumption which, in

general, is allowed to be different from 1 — oﬁ

"In this and in the following subsections we abstract from indexing the small open economy of
reference.

8In fact Briilhart and Trionfettil (2004) point out that the home bias of public goods is higher than
home bias of private goods.



Public and private consumption index definitions ((1.2)), (1.4)), (1.3) and (1.5 allow

to determine consistent definitions of price indexesﬂ In particular, Pr; and Pgy, the

private and the public consumers’ price indexeﬂ are given by:
1
Poy=[1—a)P "+ ap 1] (1.6)

Poy=[(1—v)P/ " +upr 1] (1.7)

1 =
Pr= U Pfl_"dj} (1.8)
0

Thus P, and Ptj are producers’ price indexes|"'| There are no trading frictions being

with P} being specified as:

the law of one price assumed to hold in all single good markets. However, given the
home biased preferences, the purchasing power parity does not hold for indexes P,

and Pg .

1.2.2 Consumption demand, portfolio choices and labour sup-
ply

The consumption and price index definitions allow to solve the consumer problem in

three stages. In the first two stages, agents decide how much real net income to allocate

to buy goods produced at home and abroad. According to the set of optimal conditions,

it is possible to determine agent demands for Cp, Cpy and Cjy, as:

P - P* -n Pj -
CH,t - (1 - Oé) <i> Ct CFJ = <P; ) Ct Cjﬂg - (P_t*> CF,t (19)
it t t

for all 7. The third stage coincides with the standard consumer problem. Agents are
monopolistic competitive labour suppliers. Thus they maximize (|1.1)) with respect to

Ct, Dyyq and Ny(h) subject to the following sequence of constraints:

E{Qii41Di1} = Dy + Wi(R)Ny(h) — Pc Cy + Th (1.10)

9Namely price and consumption indexes are such that at the optimum expenditures for total con-
sumption of both private and public goods, P;C ++ fol P}C;dj and PGy + fol P}G; +dj are equal
respectively to Pc:Cy and Pg +GY.

10Tn what follows, CPI stands for consumers’ price index.

1 Again in what follows, PPI stands for producers’ price index.



N,(h) = (thé:’)yw N, (1.11)

where: )
1 T—u;
W, = V Wt(h)lvtdhl (1.12)
0

Constraint is the budget constraints which states that nominal saving, net of
lump sum transfers, has to equalize the nominal value of a state contingent portfolio.
In fact Wi(h) stands for the per hour nominal wage, Q;;+1 denotes what is usually
called the stochastic discount factor and D;,; is the payoff of one maturity portfolio
that includes firm shares.

Constraint is a consequence of a CES aggregation of labour inputs which will
be specified in the next sub-section and implicitly assumes that the elasticity of demand
of labour, vy, is time-varying but equal across agents as in [Clarida, Gali and Gertler
(2002). Finally is simply the aggregate wage index. Domestic and international
markets are assumed to be complete.

By the optimality conditions of the household problem:

W,
(1 + pe)Ne(h)?CY = ﬁtt (1.13)
Cei\ 7 Pox \ _
() () i

which hold in all states of nature and at all periods and where p; = P

According to , workers set the real wage as mark up over the marginal rate
of substitution between consumption and leisure, while the value of the intertemporal
marginal rate of substitution of consumption should equalize the stochastic discount
factor. Notice that since wages are perfectly flexible Ny (h)=N; and W;(h)=W, for all

h and t.

1.2.3 Final good aggregate demand

In each country the demand for the final good is the sum of four components: the

demands of domestic and foreign households and governments namely:



1 1
Yt:CH,tJr/ C}{’tdj+GH,t+/ G, dj (1.15)
0 0

Condition ([1.15]) can be rewritten as:

_ -1 _ -
Pt)n /1 B o (Pt)n /1 P, -
Yi=(1-a) | =— Cita — Cldj+(1—v) | — Gi+v — Gld
r = ( ) (Pc,t t . Pé’,t T dj+( ) Py t ; Pé:,t t @
(1.16)
which follows from equation (L.3)[ and the fact that:

Gt

P - P* -n Pj -
Gu:= (1-v) <P—t> Gy Gpy=v (P; ) Gy Gji = (P_t*> Gre (1.17)
it t

for all 7. According to (1.17]) independently of the aggregate level of G, governments
choose good demands by minimizing the total expenditure P,G,; + fol Ptj Gjqdj.

1.2.4 Firms and technology in the final good sector

Each final good is produced by using both home and foreign inputs according to the
following CES technology:

n—1
n

Vo= [(=9)7 (V)T +un ()T n>0 (118)

where 1 — 9 is the degree of home bias in intermediate goods. Y}, and Y/ are defined

as:

1 e—1 1 n—1 %
Vi, = [ [ hetw) dk] vl = [ JRCAK dj] (1.19)

J

with Y}, = [fol (yjft(k:))s%1 dk’] ! for all j and yir,(k) and yJ,(k) being the demands
for the k type of intermediate good produced in the home country and in country j

respectively.

12 . with the symmetric equations for foreign countries.



The final sector is perfectly competitive. Therefore firms maximize profits taking
P, the price of the final good, as given. The optimality conditions of this problem lead

to the following single and aggregate input demands:

I pat(k) - I I pji(k) - I
k)y=[——+= Y, (k) = Y 1.20
yH,t( ) ( PH}t ) Hit y],t( ) ( Pj7t 7ot ( )
PHt -n PFt -n P't -
v —(1-— ot Y, vi — il 14 Y, vi — [ 222 Y2
Hit ( ¢)( Pt ) t Fit ¢ ( Pt t 7t PFﬂf Fit
(1.21)

which allow to determine consistently the price indexes for final and intermediate goods

as.
B = [(1— ) (Paa)™" + 1 (Pre) ™) 77 (1.22)
1 = 1 e 1 T
Pry — e dk Pp, = P, 1—”d'] P, = [ ok 1—fdk]
H, [/0 pr(k) } Pt [/0 (Pjy) "dj , /Op,( )(1 s

where p; (k) is the price of intermediate input £ produced in country j.

1.2.5 Intermediate good aggregate demand

The demand for home intermediate goods is generated by the demands of both home

and foreign final good producers, namely:

1
yia(k) = yh () + / y, (k) dj (1.24)
0

Condition ([1.24)) can be rewritten as:

_ pa (k) - Py o ! Py - J g
)= (%7,) [“””’(?t) e [ ()

which follows from equations (I.20) and (21| Given (I:25) it is possible to recover

e—1

the aggregate demand Yy, = ( fol (ym+(k)) = dk> “'. In fact by properly integrating

(1.25)

(1.25)) we obtain:

Yie = |(1 =) (@>_ny4_¢/l (@)_ny‘jd-
Ht = P, t ; Ptj taj

.. with the symmetric equations for foreign countries.

(1.26)

13
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1.2.6 Firm technology and price setting in the intermediate
good sector

In the intermediate sector each firm produces a single differentiated good with a con-

stant return to scale technology of the type:

yui(k) = ANi(k) (1.27)

vt

v —

1 vt — . . .
with Ny(k) = [fol Ny(h) v dh} " and being the labour input and A, the specific
country technology shock. Given (1.27)) and the fact that Ny = N,(h) for all h, the

aggregate relationship between output and labour can be read as:

Y
N, =27 1.28
b= (1.28)
where 7, = 01 —y’;é(f)dk, and N, = fol Ni(k)dk. Given ([1.24) and (1.26) then Z, =

fol (1%86)) - dk; thus Z; can be interpreted as an index of the relative price dispersion
across firms. We assume that good prices adjust according to a staggered mechanism
@ la Calvo. Therefore in each period a given firm can reoptimize its price only with
probability 1 — 6. As a result the fraction of firms that set a new price is fixed and the

aggregate producer price index of the intermediate goods evolves accordingly to:
PYY = 0P+ (1= 0)pma (k) (1.29)

with pg (k) being the optimal price. Firms maximize the discounted expected sum of
the future profits that would be collected if the optimal price could not be changed

namely:

()" By { Qussymars(k) [pre(k) — MC ]} (1.30)

S

where yg4(k) is given by (1.25) and MC} = (1_2% is the nominal marginal cost

with 7 indicating a labour subsidy distributed to firms by the fiscal authority which
is not supposed to vary over the business cycle. Taking into account (|1.14) and that

MC, = MC?, the optimality condition of the firm problem can be written as:
P

- ) o (Paak)\C Pui [Pui(k) e Priis
B6)° E,{ C f;( ’ ) | — AP S MO =0
— (B0)" Ei § Cux Prtys s Poyrs | Puy e—1 Py, "

S

(1.31)
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Condition (|1.31)) states implicitly that firms reset their prices as a mark up over a
weighted average of the current and expected marginal costs, where the weight of the
expected marginal cost at some date ¢ + s depends on the probability that the price is

still effective at that date.

1.3 Equilibrium

The purpose of this section is twofold: on the one hand to recover the full set of
conditions necessary and sufficient to determine the equilibrium of the monetary union;
on the other hand to rewrite the single country equilibrium conditions in terms only of
single country and average union variables. Indeed in this way, it is possible to simplify
the fiscal policy problem under no-coordination. Being infinitesimally small, single
country behaviour does not affect the average union performance. As a consequence,
under no-coordination, the fiscal policy problem can be formulated just considering

single country (and not the full set of the monetary union) equilibrium conditions.

1.3.1 International risk sharing

Under complete marketﬁ, condition (|1.14]) and the corresponding conditions for other

Poo_(Cl) (1.32)
Pcy Cy

1

Notice that P = [fol(Péyt)lfndj} 7 and let:

countries imply:

for all £ and j.

1 e
o = [ / (Of)"(”‘l)dj} (1.33)
0
Hence by properly integrating (1.32) we obtain:
P} (C’;k ) -
== 1.34
Poy Cy (1.34)

14 .and the assumption that the state contingent wealth at time zero is such that the lifetime
discounted budget constraints are identical across agents.
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According to equation and its aggregate version , when financial markets
are complete, the marginal rate of substitution between home and other country con-
sumption (or the average union consumption) has to be equal to the corresponding
relative price. Thus when there is increase in the home relative to foreign CPI, domes-
tic households decrease consumption relative to foreigners. Actually the terms of trade
improvement in the home country['"|- being associated with the relative increase in the
CPI - induces private agents to reallocate the consumption between home and foreign
goods. Then, because of the home bias, the home country consumers would decrease
the total private consumption more than foreigners m

By combining ([1.34) with (1.6), (1.7) and (1.22) and considering that P} = Pp,, it

follows that:

P, [ 1 C* —o(1-n) ﬁ
to_ % (= (1.35)
Pcﬂg 11—« 11—« Ct
- 1
Ps, P, < O:)“’“‘”’
— =(l-v)=— +v|—= 1.36
Poy _< )PC,t Cy (1.36)
Pre _ |1 ¥ (Q) o (ﬁ) T (1.37)
B |1-v 1-9\G Pe, |

which say that all the single country relative prices P,/Pcy, Pot/Pe+ and Pyy/P
and the terms of trade P;/P; and P}/ Pp, B are function exclusively of the difference

between single country and average union private consumption.

15Namely the prices of the foreign goods in terms of home goods, that is P;/P; and P} /Py ;.
16In fact because of the home bias, even if there are complete markets, private agents consumption
is not equal across countries.

YIn  fact by (L.6) and (1.22), Pc./P = (1—a)+a(Pt*/Pt)(1_")}t”and P;/Py,; =

1
(1—¢)+1/1(P;‘/PH7,5)(1”’)} =" Pr/P, and P;/Py. are the so called effective terms of trade. In

what follows, unless specified differently, we will refer only to the effective terms of trade.
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In addition given ([1.14)) and ((1.34)):
* —0 C —0
t+1 x—1 t+1 -1
—= I = 11 1.38

P, P PN\ ' /Py \ !
“ () ()it () (7)o
Cit Cit Ct Cit

Wlth H: = Pt*/Pt*—l and HC,t = PC,t/PC,tfl-

Thus in equilibrium the value of intertemporal marginal rate of substitution of

private consumption should be equal across countries. This last condition combined

with (1.35]) and ([1.37)) can be log-linearized as:

THt — 7T;: = —W4 (Aét — Aé:) (140)

where wy = mﬁ (1.38) and ([1.40)) relate consumption variations differential

from the union average to the corresponding domestic inflation differential. Moreover

under complete markets, from conditions (|1.14) and (1.34)) it follows:

Cri\ °
L Ef{Qii1} = BE; { <Ct,—i;1> (H:Hl)} (1.41)

1+if
When markets are complete, the price of a riskless portfolio should be equal to the price

of the one-period riskless bond, being ¢} its gross yield.

The log-linear approximation of (|1.41)) leads to:
Ak Ak 1 - *
¢ =B} - ;(% — Ef{ria} — o) (1.42)

where 9 = —log. Condition ([1.42)) is the so called IS curve that relates the average
union intertemporal marginal rate of substitution of private consumption with the real

interest rate.

By (L:38), (L-4I) can be read as:
= (3FE 11 1.43
e {(C) (c,t)} (1.43)

8Henceforth the following conventions are used: &; stands for the log deviation of X, from the

symmetric zero inflation steady state while A%, = 2 — 24— and 2} = fol zfsidz
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In other words by condition is satisfied even at the single country
levelm. Notice that outside a monetary union, where exchange rates are floating, (|1.38])
and do not necessarily hold because the fluctuations of nominal exchange rates
themselves assure the equality between the values of intertemporal marginal rate of
substitution of private consumption across countries and give reason of differences in
the nominal interest rates. For this reason we can interpret as a constraint
imposed by the adoption of a common currency. In fact according to this condition
in response to asymmetric shocks the terms of trade cannot adjust instantaneously

because of the sluggish prices adjustment and the fixed exchange rates.

1.3.2 Good market clearing conditions

To rewrite the resource constraints as function of only aggregate variables, note that
Pt/Pg‘,t = (Pt/PC,t)(PC,t/Pé‘,t>‘ Similarly ]Dt/Pé,t = (P/Pc.) (PC,t/Pé‘,t)(Pé,t/Pé,t) and
Pir P = (Prs/ P)(Pi/Pey)(Peg/ Ply) (Pl Pir)- Then by substituting (1.32) in (L.16)

and (|1.26) we can express the good market clearing conditions as:

o Pt - on~nrl—on PC,t - on~pl—on
Y, = (1=a)Ci+aCy"T "+ (L=v) (5= | Gi+vC"Tg,

E Pay
(1.44)
P -n P -
Vi = (i) (1= )Y, +v (—) Gy, (1.45)
P PC,t ’
where
Te, = [ I8 Cgl"’”dj}m
L Pj -n . ﬁ L Pj -n ) ﬁ
Toi= e (8) "t tro= |Gl (F) va| o

YHowever ([1.38) is not only a sufficient but also a necessary condition for (1.43) to be satisfied given
(1.41)).
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Rewriting the good market clearing conditions in this way leads to the following
consideration: any improvement in the domestic terms of trade makes private agents
willing to switch expenditure from home to foreign goodﬂ however being isolated, this
same improvement does not increase the demands for final and intermediate foreign
goods because countries are assumed to be small.

The log-linear approximations of resource constraints and ( and of con-
ditions ([1.35)), (1.36)) and ([1.37) allow to retrieve the followmg condition:

A~ ¢ ~ ~ % ~ A~ A% ~ ~ A%
Urg + — O — ;) = pée + p(d = 1)(é: — &) + (1 — p)gs — (1 — p)v(g: — G )(1.47)

1=
where
1
5=+ 6,0 45t
9 _
Si=(l—-a)+éa2—a) Sh=t(2—v) 6= % (1.48)
with p= £ and £ =no/(1 — ).
1.3.3 The Phillips curve
Given condition (1.31]) the optimal price is determined as:
pri(k) K
’ = — 1.49
Pr+ F, ( )
with:
- PH t+s ) PH t+s €
L = ) E Y, : : M 1.
ZO ﬁe t |:Ct+5 Ht+s ( PH,t ) PC,tJrs c—1 Ct—i—s ( 50)
= PHtJrs =t PHt+s
P = Y, : : 1.51
Z ﬁe t+S Ht+s < PH’t ) Pc7t+3 ( 5 )
which can be read as:
P
Ky =C %Yy, th + BOE {15y Ko ) (1.52)
Ct€—
P
F=C; "YHt% + B0E, {I15; Y Fi )} (1.53)

20what in the literature is called the switching expenditure effect.



16

where: ,
W ( B )_ 1
MCy = — (| =— — 1.54
" P \Pei) A 54
Following Benigno and Woodford, (2005), from (1.49) and ({1.29) we can retrieve the
next conditions: . ,
1 — 0115, F\°
EECILE e 1.55
=~ (%) (155

(1.56)

1— 015\
1-6

Zt — 0Zt—1H§{7t "‘ (1 - 0) (

which determines the law of motion of firms price dispersion. From the log linear

approximation of (1.13)) (1.50)) (1.51]) and (1.56]):

THt = )\'I’/I:\Lct + ﬁEt{ﬂ-H,t—l—l} (157)

where:

—~

mcy = (@t - ﬁc,t) - (f?\t - ﬁc,t) - (]/j\Ht - ﬁt) — Q4 (1-58)

= oime + 0t +wi((1 —p)a+) (e — &) — (14 @)ag + i

Condition is the New Keynesian Phillips Curve direct consequence of the Calvo
mechanism. As usual, current domestic inflation depends on the expectation on future
domestic inflation and the current real marginal cost of producing intermediate goods.
Being the economy open, in equilibrium that cost is determined by the real wage (which
is equal to the marginal rate of substitution between consumption and leisure), the
labour productivity and the relative prices of intermediate and final goods. These
prices are determined as made clear by and by the differences of private
consumption from the average.

The rational expectation stochastic equilibrium of the monetary union is then de-
fined as the sequence of {Cy, Y}, Y}, 11y, Z7, FY, K}, 11} }£2, for all i which, given {G}
, 15 122, for all 4, 7 and the initial condition Z_;, satisfies ((1.39)), (1.41]), (1.44)), (1.45)),
(1.52), (1.53), (1.55) and for all i where W/ /Pt , P{/Pt,, Ps,/Pt,, Pi,/P} and
MCj are determined according to (1.13)), (1.35)), (1.3€]), (1.37) and (1.54).




17

What it is still missing is to determine the optimal monetary and fiscal policies.

This is the purpose of the next paragraphs.

1.4 The optimal policies

As mentioned in the introduction, the optimal monetary and fiscal policy mix is anal-
ysed under two different policy regimes: coordination and no-coordination. Under
coordination there is a common authority responsible for both monetary and fiscal
policies which has the maximization of the average union welfare as objective. Under
no-coordination there is a plurality of independent policy makers each of them taking
other policy authorities’ decisions as given. The central bank on the one hand seeks
to minimize the average losses of union households; governments on the other hand
are instead concerned about the average losses of their country households. The solu-
tions to the optimal policy problems under both regimes are derived by using the linear
quadratic approach proposed by Benigno and Woodford| (2005). This method requires
to assume that policies are optimal from timeless perspectiveF_r] and can be implemented
as follows. First the zero-inflation deterministic steady state is retrieved; then a purely
quadratic approximation to the single country and monetary union welfare around the
deterministic steady state is obtained. Since in the case of no-coordination the deter-
ministic steady state is distorted, these approximations are derived by using the second
order approximations to the structural equations. Finally, given the purely quadratic
approximations of policy makers’ objectives, the optimal policieﬂ are recovered by

using as constraints the equilibrium conditions approximated up to the first order.

21See also [Benigno and Benignol (2006), |[Benigno and De Paoli| (2009) and De Paoli (2009).
22Tn the case of no-coordination, the Nash equilibrium policies are determined by the solutions to
both the monetary and fiscal policy problems.
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1.4.1 The case of coordination

Under coordination the optimal policy problem of the common authority can be for-

mulated as the maximization of:

fe’e) 1 ‘1—0o il—~y 4 e+1

7 7 1 Y
ZﬁtEo/ G +th ( H’t) ]di (1.59)
t=0 0

l—0 “1—v @+1\ A
with respect to C, G}, Y, Y, Wy, Z;, F} and K for all i, subject to the equilibrium
conditions (1.39)), (L.44), (L.45), (1.52), (1.53), (1.55)), and (L.56) for all i where P}/Pf,,
Pt/ Pk, Pip,/Pfare determined according to (1.33)), (1.36), (1.37)). It is easy to show

that the symmetric zero inflation deterministic steady statﬂ is reduced to the following

system of equations:

C7=Y¥ (1.60)
XG =Y¥ (1.61)
Y=C+G (1.62)

where A = 1. Conditions and equate the marginal rates of substitution
(MRS) between private consumption and leisure and between public consumption and
leisure to their marginal rates of transformation (M RT') while condition is the
resource constraint, that ensures the equilibrium between the demand for final goods
and its relative supply. Thus, under coordination the steady state allocation is Pareto
efficient. Notice that in order to implement this allocation, the common policy maker

needs two instruments: government expenditure to provide an efficient level of public

goods consistently with (1.60)) , (1.61) and (1.62)), and a labour subsidy to completely

offset the monopolistic distortions of both labour and good markets.

The welfare approximation. As shown in the appendix, under coordination the average

23See the appendix.
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welfare of union households can be approximated as follows:

1 = ! €/ ~C,i ~C,1 ~C,1
—§WﬂzﬁtEo/ [X(WH,t)Z + (5" + 91— )37 + op(E)?
t=0 0
+2wi (g0 — g7 (@E - &) + ws (e - a;**)Q] di + s.0.t.i.p. (1.63)

wi = (1= p)E(1—v)(v+9)

w5 = pwi + (1 — p)wz +ws + 26¢(pd1 + (1 — p)da)

Cl —

and where 7, = 7! — 25" and 2" indicates the target of the common authority under
coordination.

According to , under coordination, welfare losses are increasing in inflation,
output, private consumption and public expenditure gaps. At the same time, these
losses are affected by the gaps of terms of tradd”| and the consequent mis-allocation
in private consumption, public expenditure and production which crucially depends
on the different degrees of openness and the elasticity of substitution among bundles

produced in different countries.

The target. The target of the coordinated policy maker is the Pareto efficient allocation

and corresponds to:

~C,T PN X 7 w AC,T AC,*
P+ 79" = (p+ Dai — _lp(ct — &) (1.64)
AC,T AC,T 1 C [ ACT AC,* 1 [ ACT ACy* C(AC AC,*
o¢ —79 = prl(ct — &) — ; [wl(gt —077) + (" = ¢ )} (1.65)
~C,T ID NN ACk
Yt m(yH,t — ;) =
pe" (6 = D)p(&" — &™) + (1= p)gi" —v(1 = p)(g7" = 37") (1.66)

> For the definition of wi, wy and wj see the appendix.
25 Notice in fact that by (1.35), (1.36) and (1.37)), é&' — &~ is perfectly negative correlated with the
terms of trade.




20

The difference across countries embodied in - are explained as efficient
responses to asymmetric shocks to producitvity. If, for instance, its technological shock
is above the union average, then a single country economy experiences a terms of trade
worsening and efficiently increases the demand for domestic goods relative to those for

foreign goods.
However, once the system of equations (|1.64)) - (1.66]) is integrated:

C,

e+ ot =+ la; g7 =0 gt =pe" + (1= p)g;” (1.67)

Thus, under coordination, the target of the common authority on average corresponds
exactly to the target of the policy maker of a closed economy where the only existing

distortion is due to price stickiness.

The optimal policy miz. Given ((1.64)) - (1.66)), the set of constraints relevant the optimal
policy problem - the resource constraint, the Phillips Curve and condition (|1.40)) - can

be rewritten in terms of gaps as:

~C,1 ~c,*) .

¢ ~C,1
Y+ m(yHt — Y

e+ (6 = D)p(&" — &™) + (1= p)g" — v(1 = p)(G" — 3i") (1.68)

Ty = A [0l + o0& +wi(1— )+ ) (& — &) + BE{m, ) + M
(1.69)

7rfq’t — 7 = —w4(Aéf’i — AG") — w4(AU’Lt — Aviy) (1.70)

for all t and ¢ and where v}, = &".

This system of equations clarifies the tradeoffs of the common policy maker under
coordination. From the union wide perspective, there is only a tradeoff due to the
presence of mark up shocks. Asin a closed economy, a mark up shock affects inefficiently
firms marginal costs making it impossible to fully stabilize both inflation and output
gap. Nevertheless, when shocks are just to technology, the optimal policy mix - namely
the efficient provision of public goods and (average) strict inflation targeting - allows

to close all the gaps and reach on average the efficient allocation.
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This is possible only at the average union level. At the single country level, inde-
pendently of which type of shocks hits the economy, the adoption a common currency
implies always a tradeoff between inflation and output stabilization: if the nominal
exchange rates are fixed and prices are sticky, the terms of trade cannot adjust instan-
taneously in response to asymmetric shocks and the flexible price allocation (in the
case the first best allocation) cannot be implemented. Therefore, as long as shocks are

asymmetric:
The # 0 (1.71)

for all ¢ for some t. This explains why, as highlighted by |Gali and Monacelli (2009),
under coordination there is room to use the single country government expenditure as

a stabilization tool.

1.5 The case of no-coordination

Under no-coordination, fiscal authorities are coordinated neither among each other nor
with the common central bank. The monetary and fiscal policy problems are then
formulated as follows?|

Single countries’ governments maximize the welfare of the small open economy rep-

resentative agent:

0 leo Glf'y 1 YH p+1
LBy | =L A ! 1.72
;ﬁ T TNy T ox 1\ 4, (172)

with respect to Cy, Yi, Yu,, Uwy, Z;, Fy and K, subject to the single country
equilibrium conditions (1.39), (1.44)), (1.45), (1.52), (1.53)), (1.55), and (1.56)), where

P,/ Pcy, Poi/Pcy, Put/P; are determined according to (1.35)), (1.36)), (1.37)) and taking

as given the union average variables including the nominal interest rate chosen by the

common central bank.

26For more details, see the appendix.
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Conversely, the monetary authority maximizes the average union welfare:

0o 1 il—o i1—v i p+1

7 7 1 Y,
Eﬁ%/‘cé +XQ (&? ]m (1.73)
t=0 0

l—0 “1—v @+1\ A
with respect to Cy, Y/, Yy, Iy, Z{, F{ and K] for all i, subject to equilibrium
conditions (1.39)), (1.44)), (1.45)), (1.52)), (1.53)), (1.55)), and (1.56)) for all i, where P}/ P,
P}/ Pk, Ph,/ Pl are determined according to (1.35)), (1.36]), (1.37) and taking fiscal

policies as givenm
Given the monetary and fiscal policy problems, it can be shown that at the sym-
metric deterministic steady state, zero inflation is a Nash equilibrium policy@. In

particular, the optimality conditions evaluated at the zero inflation steady state lead

to
C”:ﬂ—wﬂ&+@g+@%%” (1.74)
G = (1—)(1 - v)Y* (1.75)
Y =C+@G (1.76)

where A = 1. The comparison between the systems of equations - and
- makes clear that, when uncoordinated, fiscal policy makers generate
static distortions. Indeed at the symmetric steady state, under coordination, the M RS
between both leisure and private consumption and leisure and public expenditure are
set equal to the correspondent M RT'; instead under no-coordination they are respec-
tively determined by (1 — ) [61 4+ 02& + d35] > 1 and (1 — ¢)(1 — v) < 1. In other
words, uncoordinated fiscal authorities have an incentive to expand government spend-
ing and to tax labour beyond the efficient level. The interpretation of these findings

is the following. By boosting the demand for domestic goods and reducing its supply,

Z"Namely G% and 7 for all countries and in all periods.
28Gee the appendix.
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autonomous governments seek to improve their terms of trade. They realize that ren-
dering home produced goods more expensive than foreign goods raises profits revenue
of households and makes up for the reduction in labour income and the increase in
lump-sum taxes. Then, households can consume more public goods and work less than
under coordination. The decrease in private consumption due to the terms of trade
improvement is more than compensated by the higher public good provision and the
lower labour effort. In this way countries seek to externalize both the costs of produc-
tion and taxation to foreign ConsumersF_gl Obviously given that at the symmetric steady
state everybody is doing the same, in equilibrium the prices of all goods are equal and
everybody is worse off.

To get a sense of the magnitude of the inefficiency generated at the steady state by

uncoordinated policies it is sufficient to look at the following table:

Coordination | No-Coordination
0.97 0.73

~<IQ

Under the baseline calibration, according to which o = 0.4, v = 0.2 and ¢ = 0.4@, if
fiscal policies are not coordinated the steady state consumption output ratio is equal
to the 73% (as in the European Monetary Union) whereas, if they are coordinated, it
reaches 97%. In other words at the steady state governments’ size is highly inefficient.
And as it will be made clear in the next subsections, this static distortion will be key

even in determining what effects lack of coordination produces over the business cycle.

1.5.1 Fiscal policy

The welfare approximation. For the fiscal policy maker the single country welfare has

been approximated as:

1 - 5 _ _ N .
— YN G B | S () + o)+ ] (37 + = (67 + 2l g &
t=0
i fop. (1.77)

29In fact at the steady state the incentive to over-expand the government expenditure is present
even when the labour supply is completely inelastic.
30and that will be discussed in details below.
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with
@i =(1-p)(1=¢)(1—-v)y
@) = p(1 — P)do + &
o = (- )1 - V)(ss — )

where ¢; and ¢, are properly defined in the appendix, t.i. f.p stands for terms indepen-
dent of fiscal policy, :Tc,{ =Ty — i’{ and 92*{ indicates the target of the fiscal authority.
Variables, target and weights that enter in this loss are different than those under coor-
dination. Fiscal authorities take as given the average union allocation and weigh more

fluctuations in the private consumption gap and less those in the public expenditure

gap.

The target. The target of the fiscal policy maker is determined by the following condi-

tions:
it 70 =+ Da— (L—p) A —) 1 —v) ' wi(e] —¢)  (LT8)

i+ ot = (p+ Daw— (1= 0)p8) " [wh (3 — 57) + a(e] — )

+(1 = )05 — &) + (1= 0)(1 = p)oa(; — &) (1.79)
gH,t + %@{{t - @:) =
pel + (8 = Dp(ef — &) + (1= p)gf —v(1 =)@l — 37) (1.80)

That target is the efficient allocation from the small open economy point of Viewlﬂ
It corresponds to the flexible price allocation in the hypotheses that independent gov-
ernments are not coordinated. To grasp some insights on the incentives of these author-
ities and the dynamic union wide effects produced by their policy choices, assume that

shocks are symmetric. Then, if implemented, the target determined by (1.78)), (1.79))

3t is recovered by maximizing the purely quadratic approximation of (1.72) recovered in the ap-
pendix, subject to condition ([1.32)) and taking the average union variables as given.
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and (|1.80)) satisfies the following conditions:

el +vil = 1+ p)a; (1.81)
Sp(val — oel) = 059 — &) + (1= p)dalyl — &) (1.82)
gl = pel + (1 —p)gl (1.83)

This set of conditions (that is nothing more than the log linear approximation of
- ) differs from the target of the coordinated authority in two main respects.

Firstly, as already pointed out under no-coordination the government expenditure
share in output is inefficiently high because at the steady state both government expen-
diture is over-expanded and output under-produced. Under the baseline calibration,
this static distortion has a clear consequence: it inefficiently amplifies the impact of
the government expenditure shocks over output fluctuations. Indeed, according to the
baseline calibration, the intertemporal elasticity of substitution of the government ex-
penditure, v, is higher than that of private consumption, o~!. Hence over the cycles
policy makers want to substitute private consumption with public expenditure in order
to smooth the path of the more inelastic bundle. As a consequence public expenditure
fluctuates more than private consumption. Then, being steady state public expenditure
share in output inefficiently high, one percent increase in government spending would
expand more output under no-coordination than under coordination.

Secondly according to ((1.82), mrs; between private consumption and public expen-
diture is not equal on average to the corresponding mrt, as it would be under coordi-
nation. This is because uncoordinated fiscal authorities try to influence the terms of
trade to their own advantage even over the business cycle. In fact, as long as v # o
and intermediate or public goods are traded H, they have an incentive to generate pro-
cyclical response of the average public spending beyond the efficient provision of the
public goods. In other words they seek to inefficiently boost the volatility of public con-

sumption and dampen that of labour in order to reduce the volatility of terms of trade,

32i.e. even ¢ > 0 or v > 0 Note that if ¢» > 0 or v > 0 then 63 > 0 or 3 > 0 .
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output and private consumption. The underlying reason that explains this behaviour
is the attempt to reduce the cost of uncertainty for domestic consumers - that are risk

adverse - by externalizing business cycle fluctuations to other countries’ households.

The optimal policy. Fiscal policy makers maximize ((1.77)) subject to (1.47)), (1.57) and
(1.40) properly rewritten in terms of gaps:

e = (1= 1)ope" + (1= )1 —v)(1 = p)gl (1.84)
THe = A [«p@;},t +wyd] } + BE{mm i1} + Afis + vay) (1.85)
Thy = —wiAG + vs, (1.86)

where

o = @i (6] —¢5)—((1 — ¥)pd) Y wd (9] — ;) +(1—2) 83 (5 — &)+ (1—1) (1—p)da(G; —¢5).

U3’t = 7T2< — W4(Aé{ — Aé:)

@] = (wi((1 = ¥)a+ ) — (1 —¥)pd) 's).

According to first order conditions of this problem with respect to gjlj;t, gtf , 6{ and 7

s = == A(L) [ + 73 + (1= )1 = 0)(1 =)'l

A N . - .
+BL) (L= )p(en! +oef) + il + <l (1.87)

where A(L) = [(1 L)+ A [ Wipe 4 1} B(L)] and B(L) = (1 — E,L™Y)!

This system of equations (|1.84] - determines the gaps of the small open econ-
omy under uncoordinated fiscal policies for a given path of the aggregate variables
ﬁ. According to these conditions in general, uncoordinated governments always face

a tradeoff between stabilizing inflation and output gap. Indeed, differently from what

33To recover the average union allocation one has to find the optimal average level of provision of
public expenditure and then determine the average union private consumption and output by using
the other equilibrium conditions: the average union resource constraint, the average union Phillips
curve and the IS curve.
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happens under coordination they are not able to achieve their target even in the ab-
sence of idiosyncratic and mark up shocks. This is made made clear by condition :
unless special parametric restrictions are met, it is not possible to fully stabilize the
mrs; between private consumption and leisure at the desired level despite the complete
stabilization of the home inflation. The key reason of this outcome is the incentive of
independent fiscal authorities to affect the terms of trade in their favour even over the
business cycles. As already emphasized, these policy makers, in fact, want the mrs; be-
tween private consumption and leisure to fluctuate less than its 77/”[7“\tt to restrain private
consumption and output volatility at foreign consumers’ expense.

However there are specific restrictions under which this result may be reversed and
the optimal fiscal policy is consistent with home price stability. Specifically if interme-
diate and public goods are not traded - i .e. ©» = 0 and v = 0 - or the intertemporal
elasticities of substitution of public and private consumption are equal - vy = o - g, = 0
for all ¢ is optimal as long shocks are symmetric and to technology. To see why consider:
1) If shocks are symmetric there is no additional trade off generated by the adoption of
a common currency (i.e. vsy = 0) 2) If » =0 and v = 0 or 7 = o then stabilizing the
mrs; between both private and public consumption and the mrt, is the target of the
uncoordinated fiscal authorities (then i.e. vy, = 0). And in fact it can be shown that
under these restrictions all the conditions — are simultaneously satisfied.

Nevertheless notice that this last finding is conditional on the willingness of the
monetary policy maker to completely stabilize inflation. Whether she finds it optimal

or not it will be clarified in the next paragraph.

1.5.2 Monetary policy

The welfare approrimation. Under fiscal policy no-coordination the objective of the

common central bank can be approximated as:



28

1 — €, 4 ~m, % m [ ~m,* ~ITL %~
—§Y¢+125tE0 [Csx(ﬁy + () + @ (&) 4 260 g, ]
1=0
+s.0.t.i.m.p. (1.88)
with

@' = pd(o — 1) + Gip — Go?

G = (A—¢)dpp+o
L= """gpto
¢, = (=01
2= opto

(3= (p+1)(A—2p)dpto—p
ppto

where Z7"" = i — 27" and 2" is the target for i chosen by the central bank.

The approximation to the objective of the central bank under no-coordination di-
verges from those of the uncoordinated fiscal authority and of the common policy maker
under coordination. And this is true not only because the central bank does not choose
the optimal provision of public goods. Indeed even abstracting from this consideration,
there are striking differences in target, weights and variables that enter in the approx-
imation. The key determinant of these divergences is the steady state distortion as

shown by the dependence of the weights and of the average target from p, (i, (s and (.

The target. The target of the central bank can be retrieved from@:

* C O/ om,x AT % Ak
= (1 + gp)at - ?Z ;(yt TG )+ (1 +§0)/~Lt (1'89)

*

oyt + ocn
gt = pet 4+ (1= p)g; (1.90)

According to ([1.89) and ((1.90) in general, the target of a common central bank is
not the first best and thus does not coincide with the target of the coordinated common

authority under either technological or mark up shocks. This is due to various reasons.

34This target is determined by maximizing the purely quadratic approximation of (1.73)) shown in
the appendix subject to (1.32]) and taking as given g;.
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Some of these reasons have been already underlined in the previous paragraph.
First, under the baseline calibration fiscal shocks expand sub-optimally output fluctu-
ations because at the steady state the governments’ size is inefficiently high; secondly,
autonomous governments try to manipulate the terms of trade even over the business
cycles. Hence, in general uncoordinated fiscal policies produce average dynamic dis-
tortions that need to be internalized in the target and in the policy decisions of the
common central bank. It is worth noticing that, as made explicit by and ,
the impact of these spillovers on monetary policy choices depends crucially on the dif-
ference between ¢, and ¢/"*. In fact, the closer are ¢ and ¢&™", the less is the
intratemporal substitution between private consumption and output - and the business
cycle distortions generated by this substitution -, the closer is target of the common
central bank to the average flexible price allocation. Actually when ¢,"" = &™" the
effects of these dynamic inefficiencies disappear on average.

The other reason that explains the influence of independent governments’ decisions
on the target of the common central bank is related to the state distortion and the
long run effects of monetary policy. According to and differently from the case
of coordination the target of the common central bank does react to mark up shocks.
Why? To answer this question, consider the special case in which shocks are symmetric
and restricted to the mark up. Then, under flexible prices, from condition , it

follows:

B{ - b= ETOD) EL0L+ )} + ConfL 4T () (190

where T'(Y;) = Y, (V; — G;)? and Ty (Y;) > 0.

According to , the lower is the covariance between mark up shocks and output,
the higher is the average per-period output for a given level of the average per-period
real wage. In other words, if there is an increase in output fluctuations in response to
mark up shocks - which corresponds to a decrease of the covariance between the mark
up and output given that a positive mark up shock tends to reduce output - domestic

consumers have to increase their average labour effort if they want to maintain the



30

same average real wage. As a consequence, the common central bank recognizes that
by becoming more aggressive in fighting inflation and allowing for an increase in output
fluctuations monetary policy can have beneficial effects: it can shift upward the average
labour supply curve generating an efficient increase average level of output.

The constraints to the monetary policy problem can then be rewritten in terms of

gaps as:
gt = pe™” (1.92)
L= Al + 0]+ BB+ Al + ) (1.93)

with: vf, = —£2(5"" — &™)

Moreover, the system of optimality conditions of the monetary policy maker can be

rewritten as:

* p(l_L) ~m % ~1T, % O mx ~1, %
-t~ ’ ’ 22 ’ _ El 1.94
T (0 + op) ey +ocT + P (Ut ) ( )

Thanks to this set of equations it is possible to recover the average union allocation
determined by the optimal reaction of the common central bank to given fiscal policies.
Clearly given the changes in the target and as stressed by , the common central
bank faces different tradeoffs than those of the policy authority under coordination. On
the one hand, in general, even if shocks are only to technology, strict inflation targeting
is not optimal (v, # 0). That result contrasts with the findings of |Gali and Monacelli
(2009) and Beetsma and Jensen (2005). Fully stabilizing the average union inflation
is not optimal because it does not allow to close the average output gap. Indeed the
flexible price allocation is not efficient and the monetary authority wants to correct
the dynamic distortions due to the lack of coordination among fiscal policy makers.
On the other hand if shocks are to mark up, the central bank tries to stabilize more
inflation than output compared to the case of coordination. It realizes that an increase
in output fluctuations in response to mark up shocks can boost the inefficiently low

level of per-period output output.
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Now it is possible to answer the question raised at the end of the last the paragraph.
In presence of productivity shocks under which conditions does the central bank find it
optimal to completely stabilize the average union inflation?

Suppose that according to a policy rule gf = ¢ for all ¢ and there are only
technological shocks. In that case 7} = 0 for all ¢ satisfies conditions (1.92)), and
(1.94). However when g; # ¢™" for some ¢, then m; = 0 for all ¢ cannot be optimal.
Thus even when there is no trade in public and intermediate goods, namely v = =0
the monetary policy maker would not stabilize the average union inflation even under
symmetric productivity shocks, while in that case fiscal authorities would be willing to

do that.

1.5.3 The case for average price stability

The analysis of the previous sections allows to formulate the following proposition:

Proposition 1. Under fiscal policy no-coordination, w; = 0 for all t is a Nash equilib-
rium outcome of the monetary and fiscal policy game if and only if 0 = v with shocks

to technology only.

Proof: See the appendix.

Proposition (1| can be interpreted as follows: when o = v and shocks are to technol-
ogy, the lack of coordination among fiscal policy makers yields on average only static
distortiong™| namely the steady state distortions. In fact under this parametric re-
striction and if the average union inflation is completely stabilized, two conditions are
simultaneously satisfied. On the one side the average marginal rates of substitution
between private and public consumption and private consumption and leisure fluctuate
as the marginal rates of transformation between the same variables, i.e. o¢f —~vg; =0
and ©(g; — af) + o¢; = af; on the other side the average union output co-moves with

private and public consumption, i.e. y; = g; = ¢;. These two conditions ensure that,

35 ..at least up to a first order approximation of the optimal policies.
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even if fiscal policies are uncoordinated, under flexible prices the average union fluctu-
ations of output, and public and private consumption, replicate the fluctuations that
would be achieved if the fiscal policies were coordinated. As a consequence the mone-
tary authority seeks to remove the only remaining distortion that can be corrected: the
average price stickiness. Stabilizing completely the average inflation is then optimal:
it allows at the same time to eliminate on average the inefficiencies produced by price

rigidities and to keep the average allocation at the constrained-efficient level.

1.5.4 The general case

This section analyzes the general case allowing for different intertemporal elasticities
of substitution of private and public consumption and different kinds of shocks. These
differences generate an incentive for the fiscal authorities to seek to substitute intratem-
porally the public and private consumption: in the case of different elasticities, in order
to smooth intertemporally the path of more inelastic goods; in the case of mark up
shocks, in order to reduce the home country private consumption and output gap. As a
result because of this intratemporal substitution, it is no more true that, under techno-
logical shocks, the symmetric allocation is proportional to the efficient one. And both
monetary and fiscal policies at the average union level do not correspond to the ones
that are optimal under coordination. In fact neither under technological shocks the
common central bank should seek to pursue price stability nor fiscal policies ensure on

average the efficient provision of public goods.

1.5.5 Calibration

Impulse responses to a one percent rise in technology and mark up under optimal
policies are recovered using the calibration indicated in the appendix which is close
to those of |Gali and Monacelli (2009) and (Gali and Monacelli (2005). In particular
~~1 and ¢! the intertemporal elasticities of substitution of public consumption and
labour, o the degree of openness in private consumption, €, the elasticity of substitution

among goods produced in the same country, S the preferences discount factor, 6 the
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parameter that governs the level of price stickiness in the economy and ac the first
order autocorrelation of shockﬂ are set according to their calibration. Conversely 0!
the intertemporal elasticity of substitution of private consumption and n the elasticity
of substitution between bundles produced in different countries are set according to
Benigno and Benigno| (2006), ¢ the degree of openness in the intermediate goods is
equal to « and v = 0.2 as partially suggested by [Briilhart and Trionfetti (2004). Finally
x the parameter that regulates the relative weight of the public good in the preferences
is calibrated to match the average consumption output ratio of European Monetary

Union.

1.5.6 Dynamic simulations

The appendix shows the impulse responses to a one percent increase in aggregate tech-

nology and mark up under the optimal policies. They may be interpreted as follows.

Technological shock. When shocks are to technology and fiscal policies are coordinated,
the optimal policy mix embodies two clear prescriptions for the average union econ-
omy: the nominal interest rate should be set to fully stabilize the average inflation,
while the government expenditure should ensure, on average, the efficient provision of
public goods. These policies allow to close all the gaps at the union level and reach the
efficient fluctuations. However under fiscal policy no-coordination none of these pre-
scriptions remain valid. The first is not valid because of the dynamic effects produced
by uncoordinated fiscal policies. In particular, given that v < ¢ and the incentive of
independent fiscal authorities to manipulate the terms of trade in their favour, a tech-
nology shock increases the provision of public goods more than private consumption.
As a consequence, because of the inefficiently high share of government expenditure in
output, there is an overexpansion of output. Thus, the common central bank has to
trade off between stabilizing the average union inflation and reducing the output gap.

This explains why monetary policy allows for a certain degree of average union deflation,

36Both mark up and productivity shocks are suppose to be AR(1).
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being more restrictive under no-coordination that under coordination (as emphasized
by the different path of the nominal interest rates). Obviously in these circumstances
not even the average public good provision is efficient. Fiscal policy makers seek to
implement a beggar-my-neighbour policy even over the business cycle, disregarding the
aggregate distortions resulting from their joint action. By over-expanding the provision
of the public good beyond the efficient level, they want to reduce the terms of trade
volatility in order to externalize the cost of private consumption and output fluctua-
tions to other country consumers. And in fact according to the impulse responses the

government expenditure expansion is o /7 greater than that of private consumption.

Mark up shock. When shocks are to the mark up, the policy prescriptions under coor-
dination are twofold. Fiscal policy is not a useful tool to stabilize the average effects
of the mark up shocks: for this purpose it is more efficient to use the nominal interest
rate which is a costless instrument. Therefore under mark up shocks, the average union
government expenditure should be kept at the steady state level. At the same time,
the monetary authority should trade off between stabilizing inflation and closing the
output gap given the consequences of an inefficient shock to the mark up. The policy
prescriptions under no-coordination are quite different.

Firstly, in response to a positive mark up shock optimal monetary policy becomes
more aggressive in reducing inflation than under coordination. Indeeed as made clear
by , the common central bank wants output to fluctuate more in response to mark
up shocks because in this way it induces domestic consumers to raise their per-period
labour supply. As a result there is a beneficial increase in the inefficiently low level of
the per-period output. According to the impulse responses, the nominal interest rate
is then higher, while the average inflation and output are lower, under no-coordination
than under coordination.

Secondly, autonomous governments lower the provision of public goods. This is the
result of the balance between different objectives. On the one hand the aggregate mark

up shock induce a fall in the average union private consumption and output contracting
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foreigners’ demands for home produced goods. In response to these external shocks she
perceives as efficient, the non-coordinated policy maker would like to decrease domestic
private and public consumption increasing the leisure{ﬂ However she has to trade off
between this purpose and stabilizing the undesired effect of the domestic mark up shock:
the boost in the home inflation and output gap. Thus, the provision of public goods falls,
but not much more than the private consumption in order to alleviate the reduction of
the private consumption itself that actually after the first periods is higher than under
coordination. Hence, while under coordination, the common authority recognizes that
only monetary policy should be used to stabilize the average effects of mark up shocks,
under no-coordination the single country government takes the actions of other policy
makers as given and tries on its own to stabilize the effects of the domestic mark up

shock in its country.

1.6 Conclusions

According to this chapter within a monetary union the lack of coordination among fiscal
policy makers has relevant implications for both optimal monetary and fiscal policies.
In fact, only under a special parametric restriction and when shocks are to technology,
fiscal policy no-coordination does not matter for the optimal monetary policy design.
However, in general, this result is not verified and, as opposed to the case of coordina-
tion, under no-coordination it is possible to reach the following conclusions: first when
shocks are to technology, stabilizing the average union prices is not optimal; second
under mark up shocks, the monetary authority is mainly focused on the stabilization
of the average union inflation. Finally even if shocks are symmetric, fiscal policies are
used as stabilization tool.

The analysis of the interactions between monetary and fiscal policies with a mone-

tary union - for both cases of coordination and no-coordination - may be extended in

3TThis is made clear by the (1.78)-(T.80).
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several directions. On the one hand there is scope for relaxing some of the key assump-
tions of the model used in this paper: for instance, by introducing sticky wages and
allowing for incomplete financial markets. On the other hand future research should
investigate the implications both at the steady state and over the business cycles of dif-
ferent monetary and fiscal policy games, as the Stackelberg one in which the monetary

authority chooses its policy before the uncoordinated fiscal policy makers.
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Baseline calibration

cl=1/3 Intertemporal elasticity of substitution of the private goods;
vl=1 Intertemporal elasticity of substitution of the public goods;
n=4.5 Elasticity of substitution between home and foreign private goods;
pt=1 Intertemporal elasticity of substitution of labor;

1—a=0.6 Degree of home bias in the private bundle;
1 —v=0.8 Degree of home bias in the public bundle;

1 -1 =0.6 Degree of home bias in the intermediate input;

x = 0.03 Weight of the public bundle in the preferences.

It implies a steady state consumption output ratio under no-coordination of 0.73;
e=6 Elasticity of substitution among goods produced in the same country;
6 =0.99 Preferences discount factor.

ac = 0.95 Autocorrelation of shocks;
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2 On the benefits of a monetary union:
Does it pay to be bigger?

2.1 Introduction

What are the costs and the benefits of a monetary union? Should independent coun-
tries abandon their own currency to delegate monetary policy to a common central
bank? These questions are far from new{l| but have been revitalized by the debate on
the creation of the European Monetary Union (EMU). On theoretical grounds the costs
of losing monetary autonomy are well known: in presence of nominal rigidities coun-
tries that share the same currency cannot properly stabilize asymmetric shocks. By
contrast, the sources of welfare benefits that can rationalize the existence of a currency
area have not been identiﬁedE], at least if we restrict ourselves to the new open econ-
omy macroeconomic literature in which the objectives of the policy makers are fully
microfounded’l

However there is a key aspect seemingly overlooked so far which can explain why a
monetary union can be beneficial for its members. Especially, if we refer to the EMU
experience, it is clear that the European Central Bank (ECB) sets the nominal interest
rate for an economic area which is much bigger than each national economy. The
difference in size may induce an improvement upon the conduct of the single country
monetary policy given that, as stressed also by the recent literaturd’] open economy
policy makers seek to affect their terms of trade to other countries consumers’ expense.
Indeed on the one hand, by being concerned about the welfare of all consumers living in

the area, the central bank of the monetary union internalizes the spillover effects that

1See [Mundell (1961).

2 As emphasized by the so called Delors report (1989), there are microeconomic benefits from adopt-
ing a common currency like, for instance, saving in transaction costs. However it would be difficult to
incorporate this kind of costs in a macroeconomics model.

3...namely derived directly from the welfare of the representative household. See Rotemberg and
Woodford| (1997)) and Benigno and Woodford| (2005]). There is a recent contribution of |Corsetti| (2008])
on this issue who, in a model with heterogeneous countries, identifies the conditions under which
monetary policy in a currency union is as efficient as under monetary autonomy.

4See for instance (Corsetti and Pesenti (2001) and [Epifani and Gancia (2009).
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Figure 1.1: Impulse responses to a one percent rise in the technology. Variables are
expressed as log-deviations from the steady state
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single country’s policy makers would produce inside the area if there were monetary
autonomy. On the other hand, by setting the monetary policy for the union as whole,
the common authority better realizes the impact of its policy decisions on the outside
world and the feedback effects on welfare in its own economy.

The contribution of this chapter is to verify whether, once these channels are taken
into account, the adoption of a common currency generates gains in terms of welfare that
outweigh the costs of renouncing monetary policy independence. To this end, I develop
a dynamic stochastic general equilibrium open economy model in which the world is
constituted by a continuum of small open regions as in (Gali and Monacelli| (2005). Each
region produces a bundle of differentiated goods. Preferences exhibit home bias and
the elasticity of substitution between home and foreign bundles is different from one.
Prices are staggered implying a cost for the adoption of a common currency due to the
impossibility to properly stabilize asymmetric shocks.

The regions are split in two areas, H and F. In area F all regions belong to a single
country (as in the U.S.). Conversely area H is formed by a collection of sovereign small
open economies (as in Europe). In this setup two different policy regimes (called A
and B) are considered. Under regime A, in area H there are flexible exchange rates
and each small open economy has its own autonomous central bank; under regime B in
area H there is a single currency and monetary policy is under the control of a common
central bank (ECB). Instead in area F', independently of the policy regimes, all regions
share a common currency and monetary policy is delegated to a single authority (FED).
Moreover, in both regimes A and B monetary policies are chosen under commitment
and are optimal from the timeless perspectiveﬂ.

In this kind of setting optimal policy decisions of open economy authorities are bi-
ased by a free riding problem. Under the assumption of complete financial markets,

consumption is highly correlated both across area and across regions. Because of this

5See [Benigno and Woodford| (2005) and Woodford, (2003).
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consumption sharing, single countries’ policy makers have an incentive to seek to im-
prove their terms of trade in their favmﬂ Through a terms of trade improvement, they
try to squeeze the domestic/foreign output ratio to outsource labour effort. However
their optimal monetary policies are affected in different ways by this incentive depending
on the dimension of their own economy.

Under the baseline calibration small countries’ policy makers perceive per-period
domestic output as inefficiently high. They would rather prefer to lower home produc-
tion and substitute consumption with leisure. Indeed since the economy is small, one
unit decrease in domestic output - which does not affect world output - brings about a
marginal decrease in labour that more than outweighs the consumption drop. This has
a clear consequence for optimal monetary policy. In fact, by increasing the covariance
between output and mark up shocks (which is typically negative), the authorities of a
small open economy can induce domestic workers to enjoy more leisure contracting, by
so doing, the per-period domestic production. In other words given that they regard
home output as too high, these policy makers have a motive to focus more on output
than inflation stabilization in response to a global mark up shock.

By contrast, under the baseline calibration the central bank of the monetary union
considers per-period domestic production as too low. This is because its incentive to
manipulate the terms of trade is much weaker than that of policy makers of the small
open economy. Indeed, the authority of the currency union internalizes the feedback
effects of its policy decisions stemming from the other area. Then it realizes that
a terms of trade improvement is dampening the domestic/ foreign output ratio not
only by squeezing the demand for domestic goods (reducing domestic production) but
even by boosting that for foreign ones (thus increasing foreign output). As a result,
this policy maker is willing to adopt a policy that weights more inflation than output

stabilization allowing for a rise in the per-period domestic production.

6The effects of this externality are amplified by the hypothesis of home bias for both the bundles
produced within the region and within the area as well as by the assumption that the elasticity of
substitution between home and foreign bundles is different from one. For a discussion see |Obstfeld and
Rogofl] (2002)) , Benigno and Benigno| (2003) and [Pappa| (2004)). Notice that other policy instruments
to affect terms of trade, such as tariffs, cannot be used in the WTO.
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These differences in incentives explain the differences in outcomes across policy
regimes. In regime B policy makers are exactly symmetric; thus under global mark
up shocks, they choose the same optimal monetary policy, thereby ensuring the same
economic performance in the two areas. Conversely, in regime A, the monetary author-
ities of the two areas have opposite goals. By seeking to reduce per-period domestic
output, the central banks of the small open countries weighs more output than inflation
stabilization. On the other hand given that from their perspective domestic output is
on average too low, the policy maker of the monetary union focuses more on output
than on inflation stabilization. Then in response, for instance, to a negative symmetric
mark up shock, small open countries’ authorities adopt a more restrictive policy than
the policy maker of the monetary union. Therefore there is more deflation in area H
and output in area F' expands more than under regime B.

These differences across regimes explain why, despite the presence of idiosyncratic
shocks, households of area H can be better off by sharing a common currency. Indeed, I
show that, in the presence of mark up shocks, adopting the same currency may generate
welfare benefits under reasonable calibrations. T his finding is quite robust: even for
relatively low level of the intertemporal elasticity of substitution between home and
foreign bundles and high levels of the variance of the idiosyncratic shocks, welfare gains
may be significant.

This chapter is organized as follows. Section 2 describes the basic setup, section 3
determines the equilibrium conditions, section 4 formulates the optimal policy problems,
section 5 describes the dynamic simulation and section 6 reports the results about the

welfare evaluation.

2.2 The basic framework

The world consists of a continuum of small open regions indexed by i € [0, 1][] The

regions are subdivided in two areas, H and F. In area H, there is a continuum of

"This model is a general version of the basic framework layout by Gali and Monacelli| (2005) and
Gali and Monacelli| (2009).
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regions indexed by i € |0, %) which are independent countries. Area F' consists of
310

regions indexed by 4 € [3,1], which belong to a single country. Each region produces
a continuum of imperfect substitutable goods. Labour is immobile across both regions

and areas.

2.2.1 Preferences

Agents are infinitely lived and maximize the expected value of the discounted sum of
the period utility. Preferences of a generic region ¢ representative household are defined

over a private consumption bundle, C{ and labor Nj(s):

e’} Czl o NZ e+1
> AEo | :(s) —| 0<p<1 (2.1)
=0 - P+

where (3 stands for the intertemporal preferences discount factor. Agents consume
all the goods produced in the world economy. However, preferences exhibit home bias.

The private consumption index is a CES aggregation of the following type:

. 1 n-1 1 . n=1 1 . on=1|n-1 1
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n>0,0<a <a and % < ap < 1. as and o are the degrees of home bias for the
goods produced within region ¢ and the area to which region ¢ belongs. Moreover, n

denotes the elasticity of substitution among qu,t 4> Cf; which are defined as:
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where ¢ is the elasticity of substitution among goods produced in the same region.

The definitions of the private consumption indexes ([2.2)), (2.4)) and (2.5 enable us to

n
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determine consistent definitions of price indexes. In particular, Pgi,, the consumers’
price index of region i, is:

1

1 1
Poiy = [aspi,tl_n + (ap — ) P "+ (1 — ab)PF,tl_n} RIS [07 5) (2.6)
1

1 1
Peiy = [Oéspi,tl_n + (ap — OZS)PFJI_77 + (1 — Oéb)PH,tl_ﬂ NS |:§a

1 1
1

E 1-n 1 1-n
Py, = [2 / 2 Pj,tl"dj] Py = |2 / Pj,tlivdj]
0 1

2

P, = (/Olpt(hj)l_gdhj)lls Jj€ [O, %) Py = </01pt(fj)1_6dfj)lls J € [%71}

where all prices are denominated in the currency of the home country. Thus P;¢, Py

and Pp; are producers’ price indexes. The law of one price is assumed to hold in
all single good markets. However, given the home biased preferences, in general the

purchasing power parity does not hold for indexes Pei ;.

2.2.2 Consumption demand, portfolio choices and labor sup-
ply
The consumption and price index definitions allow to solve the consumer problem in
two stages. In a first stage, agents decide how much real net income to allocate to buy
goods produced at home and abroad. According to the set of optimality conditions, it
is possible to determine agents’ demands as:
} PN Pu ™" Pes\ "
Ci, = s (—) C; Oy, = (p—as (— C; Cp,=1—uo : Cy
,t PCi7t t Ht ( ) PCi’t t Fit ( ) PCi’t t
(2.8)
} Pu\" P\ i Pue\ "
Ci, = s (— ) Cy Cpy = (p—as <— C; Cy,= 11— : Cy
,t PCiﬂj t Fit ( ) PCi,t t Hit ( ) PCi’t t
(2.9)

and for ¢ € [0 1):

)

=7 <PH) Cis 5€ [0.5) Che=>2 (E Choic(p] @)
i(1dYy pe(h)\ i Ny pe(f7)\ ° i 1
Ct(h ) = ( Pj,t C],t J e [07 2) Ct(f ) = Pj,t Cjﬂf J € <2, 1] (2_11)
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while for ¢ € (%, 1]:

() = (ﬁ,ﬂ?)scj’;t je o) dw)= (ptgf:))soﬁ,t je(31] @)

The second stage coincides with the standard consumer problem. Agents maximize

(2.1) with respect to C}, Dj,, and Nj(s) subject to the following sequence of budget

constraints:
Et{Qi,t-l—lDi-i—l} = Di + m,t<3)NZ(5) - Pci,tcti + th (2.14)
; Wie(s)\ ™
Ni(s) = ( W;t ) N} (2.15)
where:

_t
lut

Wi, = { / 1 mt(s)l—vids] (2.16)
0
Condition is the budget constraint which states that nominal saving, net of lump
sum transfers, has to equalize the nominal value of a state contingent portfolio. In fact,
W +(s) stands for the per hour nominal wage, Qﬁ,t 41 denotes what is usually called the
stochastic discount factor and Dj,; is the payoff of one period maturity portfolio of
firm shares.

Constraint is a consequence of a CES aggregation of labor inputs which will
be specified below and states that the labour market is monopolistically competitive.
Indeed each agent offers a different kind of labour service. Thus v} stands for the
elasticity of demand of labor which is time-varying and region-specific as in (Clarida et al.
(2002). Finally, (2.16]) is simply the aggregate wage index. Domestic and international
markets are assumed to be complete.

By the optimality conditions of the household problem:

L - Wi
(14 m)N;(5)°C = 5= (2.17)
it

Cy Peig S ( )
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1 .
——. According

2
t

which hold in all states of nature and at all periods and where ! =
to , workers set the real wage as mark up over the marginal rate of substitution
between consumption and leisure, while the value of the intertemporal marginal rate
of substitution of consumption should equalize the stochastic discount factor expressed
in terms of the currency of region 7. Notice that since wages are perfectly flexible,

N{(s)=N] and W;(s)=W;, for all s and t.

2.2.3 Firms, technology and price setting

In each region 7 there is a continuum of firms. Each of them produces a single differen-
tiated good with a constant return to scale technology of the type:

y(h') = ALN,(RY) (2.19)

Yt
T _
vy 1

vtfl )
with Ny(h') = [ fol Ni(s) vt ds] being the labor input and A! the region-specific

i

technology shock. Given (2.19) and the fact that Nj = Ni(s) for all h’, the aggregate

relationship between output and labor can be read as:
) Yo
Ni=-L7i (2.20)

where Y = [ s yg(h)ss;ldh]; and Zi = [1 v api and Ni = [! N,(h¥)dhi. Using

Yy
[2:10) and I will show below that 7, = [} (%) " dh?; thus Z; can be inter-
preted as an index of the relative price dispersion across firms. We assume that good
prices adjust according to a staggered mechanism a la Calvo. Therefore, in each pe-
riod a given firm can reoptimize its price only with probability 1 — 8. As a result, the

fraction of firms that set a new price is fixed and the aggregate producer price index of

the intermediate goods evolves accordingly to:
— —€ ~ iy(1—e)
Bl = 0P, + (1= 0)pia(h)” (2:21)

with p;(h?) being the optimal price. Firms maximize the discounted expected sum of

the future profits that would be collected if the optimal price could not be changed.

o0

(‘9)5 E; {Qi,t+syt+s<hi) [ﬁt(hl> - MCZHS} } (2-22)

s=0
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where y,(h') = (M)*EYgf and MCY, = U=r)Wit ig the nominal marginal cost with 7

Py Al
denoting a constant labor subsidy. Taking into account (2.18]) and that MC;; = Af)icit’t,

the optimality condition of the firm problem can be written as:

(46 o (BN T B [B(W) e P
0)° Ey < C} — ] Y ’ — = MCi 5] p =0
= (56)" B { e (Pi,tJrs) " Poigys | Put e—1 By, o

S

(2.23)
Condition (|2.23)) states implicitly that firms reset their prices as a mark up over a
weighted average of the current and expected marginal costs, where the weight of the
expected marginal cost at some date ¢ + s depends on the probability that the price is
still effective at that date.

2.3 Equilibrium
International risk sharing

The assumption of complete markets implies:

—0

. j
G’ _
PCi,t gij,tPCj,t

(2.24)

for all ¢, i € [0, %) and j € <%, 1]. According to (2.24)), the value of marginal utility
of consumption is equalized across regions. However, given the home bias in consump-
tion, even if the law of one price holds, the purchasing power parity does not. As a
consequence, consumption can be different across both regions and areas.
By properly integrating this equation we obtain:
G G 0.2) G Cn T (L] Gt G
FPoiy  EinaPrry '2 2’ P, Euralp,
(2.25)

P Cit giF,t P ;ﬂ,t

for all 4, where &;;+ stands for the nominal exchange rate of region j currency to region ¢
—1 -1

T L i—o(l-n) ;o= o~ 1 j—o(d=n) ;. |o0-n . _

currenc Here Cf;, = [2 JzCy ol 77)dz} ", Cpy = [2 fé CY d]] ", Py, =

1 1
205 (EujoPors) ™" di| 7 and Pp, = (2 [ Pos 0] T

8. and & 14,+ stands for the nominal exchange rate of region j currency to a common unit of account

of area H.
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Regarding conditions , notice the following. Within area F', there is always a
common currency, independently of the policy regime. Thus, gy =1 for all ¢ € [%, 1].
Conversely within area H, Eg;; = 1 for all ¢ € [0, %) only under regime B when there
is a common currency and the exchange rates are fixed. Finally, in general, Egp, is

floating under both regimes A and B. As shown in the appendix, it follows from to

(2.25) and (2.24) that:

1

Py ( H)<> (O;t>—“<l—">
—— = |vs+ (V% — s Z + (1= : 2.26
- (=) (& - (7 (2.26)
for i € [O, %) and where v, = ais and v, = 1:;25' A corresponding condition can be

retrieved for area F':

Pie
PCi,t

for all 7 € (%, 1].
At the same time, (2.6)) and (2.7)) can be log-linearized as:

. v . . . 1

Dig = Per = — (o — ) Simre — (1 — ) Sipy 1 E {0» 5) (2.28)
. v . . . 1

Dit — Doy = — (p — ) Sipg — (L —ap) 8imy 1 € 3 1 (2.29)

where 8,1 = ;g + Py — Piy and 8,5y = €ipy + Pry — Piy denote the terms of trade
1.
of a small open economy 7 and areas H and F' respectivelyﬂ and where ¢py = 2 f02 cldy

and ¢py = 2 f%l é{d]. By combining (2.6) and ([2.7) with (2.28) and ([2.29)) and using
[.25) :
o o

. . i . 1 . . i . 1
Sime = —a—s(clﬂ —¢) i€ |0, 5 Sipt = —CK—S(CFJ —¢) i€ 2 1] (2.30)

9..namely the average price of the goods produced in the small open economy i relative to the

average price of the goods produced in areas H and F'. With a notational abuse pr; indicates the
log-deviation of the average price in area F' expressed in terms of the common currency of that area.
Similar interpretation applies to pg ;.

1 .
10We will use this as a general notation. For a given variable #;, &y, = 2 f02 #ldj and Tpy =
2 [y &}dj.
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Moreover, by properly integrating the log-linear approximation of (2.26)) and (2.28)), it

is easy to show that:

. 1 R R
SHFt = —0O <2ab——1) (CF,t - CH,t) (231)

where Sgp; = épry + Pre — Py stands for the terms of trade between area F' and
area H. According to ([2.31)), in equilibrium a rise in the terms trade of the two areas
reduces their relative consumption ratio as long as a; > 1 — aﬂ‘ A terms of trade
worsening? makes home consumers substitute the goods produced in area F with the
goods produced in area H and increase their overall consumption because they relatively
prefer the bundle produced in their own area. Notice that the impact of an improvement
on the terms of trade on consumption differentials depends critically on the household
relative risk adversion (or the inverse of the intertemporal elasticity of substitution of
consumption) . The higher is o, the lower is the difference in average consumption
across areas associated with a movement in the terms of trade. More risk adverse
households are more willing to share risk across different states of the world (or less
willing to shift consumption across periods). Finally, by taking in differences, it

follows:
N i . 1
Aeipy + Ty — g = —07s(Alyy — AG) 1€ {0, 5) (2.32)
, 1
Tpe — Tt = —O"}/S(AéFﬂg — Aéi) 1€ |:§, 1:| (233)

Equation , and in regime B also equation , can be interpreted as a constraint
imposed by the adoption of a common currency according to which, in response to
asymmetric shocks, the terms of trade cannot adjust instantaneously because of the
sluggish price adjustment and the fixed exchange rates. Conversely under regime A in

area H, when there is monetary autonomy, the fluctuations of the nominal exchange

rates assure that condition ([2.32)) is always satisfied.

"That is oy, > § as previously assumed.
12 namely an increase of 85 .
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2.3.1 IS curve

Given (2.18) and ([2.25]), we can recover the following condition for area F:

1 C}‘;t—i—l - 1
=Lk : IT% ;. 2.34
gl {( o) (231

= E{Qj,1}. When markets are complete, the expected value of the

1
where rrp,t
intertemporal marginal rate of substitution of private consumption, namely the price
of a riskless portfolio, equalizes the price of the riskless bond, being rr; the nominal

interest rate. The analogue of ([2.34]) for area H is

1 cio\ 7
= 3F a ! 2.
1+ PE: { ( Ci ) C’,t+1} ( 35)

under regime A and:

]- C;I t+1 -
= 0F : |1 2.36
1 + T}Lt t { < C* y Ht+1 ( )

otherwise. The log-linear approximation of conditions (2.34)), (2.35) and (2.36)) leads
to:

rey—p = E{mpi} — 0 E{Alpip + (1 — %) (A1 — Acpesa)} (2.37)

ri—p = Ed{mn} — o B{AG L + (b — 7)) (Almasr — AéLL,)

+(1 — ) (Alpps1 — Aéi+1)} (2.38)
e —p = E{mgi} — 0B {Alui1 + (1 — ) (Alpipr — Almy1)} (2.39)

where p = —log(3). Conditions (2.37), (2.38) and (2.39) are the so called IS curves.

Notice that under regime A, 7¢ can be different across the regions in area H being
national central banks independent in their policy decisions. Conversely under regime
B, ri = ry, for all i, being the nominal interest of area H set by the common central

bank of the monetary union.
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2.3.2 Aggregate demand

In each region i of area H the demand for a specific good, y,(h"), is determined by the

demand of home and foreign consumers namely:

1
2

i) =iy + [

0

1
L+ [ i (2.40)
for all ¢ € [0, %) Given ([2.8]), condition ([2.40) can be read as:

. R - 3 R -n . 1 Pz —n ]
Y, :as( ot ) Ct—l—Z(ab—as)/z ( ot ) cgdj+2(1—ab)/ ( A ) Cidj
PCi,t 0 PCj’t % PCj,t

(2.41)
. L e—d -
with Y} = [ fol yi(h) < dh} " Because of (2.24), the aggregate demand for region i can

be written as:

. P,\" . o o
Y} = (P - ) [sC) + (ap — ) C} "Crip + (1 — ) C 7 "Crry (2.42)
Cit
with:
1 1
2 il—on . il—omn .
Cuy = 2/ Cy d Cri = 2/ Cy d (2.43)
0 1

2

for all 7 € [0, %) A symmetric condition can be stated for all ¢ € (%, 1], namely:

. P\ " . . -
Y, = (P ’_t ) [aSC’Z + (ap — ) CY nCF,t + (1 — )Y nCH,t} (2.44)
Cit

It is easy to show that the first order approximation of (2.42)) and ([2.44)) corresponds

to:
i i A i A i ‘ 1
Gy =1¢C 4 (0 —05)(Cue —¢) + (L —6p)(Cpe —¢) 1€ {O, 5) (2.45)
i i A s . ~ - 1
=k 0= 0o~ )+ (= d)ene =) i€ (31 (2a0)

where d; = ysno + as(1 —no) and 6, = wno + (1 — no). According to (2.45), the
aggregate demand of goods produced in region ¢ depends directly on the terms of trade

(through (2:30)). Any terms of trade improvement®| between region i and areas H or

13

namely a decrease of 3;+ or 8;p;.
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F switches the expenditure of both home and foreign households toward foreign goods.

Aggregating (|2.45)) and ([2.46[), we obtain:

. . . . . 1

Yut = CHy + (1 — (Sb) (CF,t — CH,t) 1€ |:0, 5) (247)
. . . . . 1

Upt = Cpy + (1 — 55)(CH¢ — CFﬂg) 1€ [5, 1:| (248)

2.3.3 Aggregate supply

Given condition (22.23)), the optimal price is determined as:

p(h) K}

S 2.49
Pi (249
with:
3 = S i Pz't—l—s : Pit+s 3
K! = 0) E, |C} Y : : MC; 14 2.50
1= m (i (P) e ST L)
. o'} ' PZ e—1 P
Fi = 50 sE Oz ) z , ( Z,tJ‘rs) 2,t+s 251
EDCIRAC RN I (251)
which can be read as:
VAT Ve Plt i
= C} Yip— MCiy + BOE {1T;,, K., } (2.52)
cit€— 1
Ik Ve PZ €
=% Pct + BOE, {5, 1 Fl ) (2.53)
where II;; = (2005)), from (2.49)) and (2.21)) we
can retrieve the next conditions:
1—0s N
- (L 2.54
() o
o 1o\ o
Zy =02, |15, + (1 —0) W (2.55)

By the log-linear approximation of (2.17)) (2.50) (2.51) and (2.55):

Tt = )\T?L\Cz + 5Et{7-ri,t+l} (256)
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with \ = w and where:
me, = (wf — ﬁit) — (piy — f’zt) — a (2.57)

for all t and i. Condition is the New Keynesian Phillips Curve which results from
the Calvo mechanism. As usual, current domestic inflation depends on the expectation
on future domestic inflation and the current real marginal cost of producing goods.
Being the economy open in equilibrium this cost is determined by the real wage, which
is equal to the marginal rate of substitution between consumption and leisure, the labour

productivity and the product price index relative to the consumption price index (|2.26))

and ([2.27). By substituting(2.28) and log-linear approximation of (2.26)) we obtain:

"%; = @i + 06+ (ap — )iy + (1 — ap)8ime — (1+ @)ay + fi
= @i+ ¢+ [(w =) (e — &) + (1 =) (re — &)] — (L+@)a; + iy
(2.58)

for all i € [0, %) According to (2.58)), an improvement of the terms of trade of region
(™ lowers firms’ real marginal costs. Given (2.58), we can rewrite condition (2.56) for

1€ [0, %) and its symmetric condition for ¢ € [%, 1} as:

Tiw = M@ + 0 (Vs + (o — 7s) eae + (1= %) éme) — (L + @)ag + fiy] + BEAmiza1}
(2.59)
Tie = A [0d + 0 (Vs + (W — ¥s) ére + (1 =) éme) — (14 @)ag + ] + BEA{mi 141}
(2.60)

Under regime A the rational expectation stochastic equilibrium is characterized by

(2.38), (2.45) and (2.59) for all i € [0,1) and by (2.33), (2.37)), (2-46) and (2.60) for all
i € [5,1], while under regime B by (2.32), (2.39), (2.45) and (2.59) for all i € [0, 3)

and by (2.33), (2.37), (2.46) and (2.60) for all i € [1,1].

It remains to determine to determine the optimal monetary policy.

Mnamely a decrease of SiH,t OF 8;F¢.
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2.4 Optimal monetary policy problems

As anticipated in the introduction, the main objective of this chapter is to compare
in terms of welfare costs and benefits of a monetary union in a fully new-keynesian
micro-founded model. For this purpose we consider two policy regimes. Under regime
A, while there is a common currency in area F, countries in area H retain their own
central banks; by contrast under regime B, there are two monetary unions, one in the
area F and the other in the area H. Independently of the policy regimes we assume
that all monetary authorities (the central banks of the monetary unions and those of
the small open economies) are benevolent, take as given other policy makers’ choices
and can commit credibly to past and future promised™} These hypotheses allow to
find the Nash equilibrium policies by using the linear quadratic approach pioneered
by Benigno and Woodford| (2005) and Benigno and Woodford| (2006). Thanks to the
optimal policies, it is possible to quantify the difference in welfare for the households
of area H across the two policy regimes and to identify which regime is preferable
depending on the parameters of the model.

The linear quadratic approach is implemented as follows{lﬂ First the non-linear
optimal policy problems are specified. Second, the zero inflation deterministic steady
state of these problems is determined. Then, a purely quadratic approximation to
the objectives for both the small open economy and the monetary unions authorities
employing the second order approximation of the structural equations are retrieved.
Finally the optimal policies can be found by maximizing these quadratic approximations

subject to the equilibrium conditions approximated to the first order.

2.4.1 The deterministic steady state

The steady state level of output is determined by a constant and generic labour subsidy

7. We assume 7 equal across countries and across regimes. As shown in the appendix,

15Tn other words policies are supposed optimal from the timeless perspective.
16For more specific details on the non-linear optimal policy problem, on the zero inflation steady
state and on the quadratic approximation, see the appendix.
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under these assumptions, for any 7 there exists a symmetric deterministic steady state
at which zero inflation is a Nash equilibrium policy for all policy makers in areas H and
F under both regimes A and B. Thus, the equilibrium equations and the objectives of

the policy makers are approximated around the following steady state:

Y =(1-7) 7% (2.61)
C=Y (2.62)
Yoo yeti(1—7)
FeK=trp="—7" (2.63)
My =Mp=1 Z=1 (2.64)

where

%El—(l—T)(quu)g_l

Allowing for different level of labor subsidies enable us to emphasize two special cases
of interest. In particular, as clarified below it is possible to identify the steady state
levels of domestic output considered efficient from the viewpoint of both the small open
economy authorities and the central banks of the monetary union. Given their different
incentives, at the steady state these policy makers consider efficient two different levels
of domestic output. As a consequence, they have different ”perceptions” of the steady
state distortion. As it will be made clear in the next sections, this same divergence is
crucial in explaining the different monetary policies over the business cycle.

In the case of the small open economy %, the efficient level of steady state output
can be retrieved by maximizing:

0 i1—0o i +1
S T - (5)
"I1-0 v+1 \ A4
=0
with respect to C} and Yy, subject to (2.42)) where P,;/Pq:i; are determined consistently
with (2.26), while Cy,, Cf,, Cus and Cpy are taken as given. According to the first

order conditions at the symmetric deterministic steady state:

—1

Y, =657 (2.65)
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where, as above, d; = vsmo + as(1 — no) which is always greater than 1 as long as
on > 1. The optimal labour subsidy that allows to implement this allocation is given

by:
Ts =1 — 0 (2.66)

Thus, the small open policy makers would not like to reach the Pareto efficient steady
state at which the monopolistic distortions are exactly eliminatedm. They would rather
prefer a lower level of steady state production. This is because financial markets are
complete and consumption is highly correlated across regions. So domestic utility rises if
domestic production falls (relative to other countries’ production) and the terms of trade
improvelﬂ Indeed even if a terms of trade improvement causes consumption to drop, its
contraction is more than compensated in terms of welfare by the corresponding increase
in leisure. In other words, by manipulating the terms of trade in their favor small open
economy policy makers (as those of the monetary union) attempt to externalize labour
effort to other countries” workers.

Notice that in the case of the small open economy the incentive to outsource pro-
duction is stronger the higher is d; which depends positively on 7, the elasticity of
substitution between home and foreign goods, o, the inverse of the intertemporal elas-
ticity of substitution of consumption and 1 — «y the degree of openness of the small
country. Indeed the higher are 7 and o, the more home households are inclined to sub-
stitute consumption of the domestic goods with that of foreign goods (i.e. the higher
is the switching effect), and then the less the overall consumption falls because of the
reduction in the domestic production.

In the case of the policy maker of the monetary union, the desired steady state

17The Pareto efficient allocation corresponds to Y = 1 which can be achieved by setting 7 = 0.

18 And in fact the optimal labour subsidy is set equal to 1 — §,, a parameter related with the average
elasticity of the domestic goods demand with respect to the terms of trade of the small open economy.
As made clear by and , two are the relevant terms of trade from the small open economy
point of view: those of the small open economy and areas H and F'.
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output can be determined by maximizing:

00 % Cil—a 1 YZ p+1
'E, t -t di 2.
;;30 A (1—0 ¢+1(AJ ! (2:67)

with respect to C} and Y} for all ¢ € [0, 1] subject to:

Pz' 1—7% Yi‘P
vt:(lg){ﬂ (2.68)
FPoiy  A¥T (O

for all i € [3,1], (2.42) and ([2.44) and where P,;/Pciy, Chy and Cpy are determined
according to (2:26)), (2-27) and 243’} F rom the first order conditions of this problem

it follows that at the symmetric steady state:

(L=8)(o +¢)]7

Yy= 11— 2.69
' (Gep + 0) (2:69)
This allocation can be achieved by setting the labour subsidy:
1—90
7= L=0)(0+9) (2.70)

(Opp + 10
where 6, = Yno + ap(1 — no) which is always greater than 1 as long as on > 1.
According to these conditions, even in the case of the big economy, the policy makers
seek to improve the terms of trade by reducing domestic production with respect to
what would be Pareto efficient. However by the comparing and , it can be

shown that under reasonable calibrations:
1>Y,>Y, (2.71)

Thus, at the symmetric steady state, the policy maker of the monetary union would
choose a level of domestic output higher than that considered efficient by the small
open economy authorities. The reasons for this outcome are threefold. First of all,
bigger countries are less open. Then the incentive of their policy makers to improve the

terms of trade is weaker. Secondly, big economy authorities realize to hold monopoly

YImplicitly (2.68) states that the policy maker of area H takes as given the strategy 7 chosen by a
symmetric policy maker in area F'.
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power only on the terms of trade across areaﬂ and they internalize the external effects
produced within the monetary union. Finally they take into account the impact of
their policies on the foreign economy. In particular they are aware that a terms of
trade improvement causes an increase in foreign production thanks to the boost in
foreign good demandﬂ. So they recognize that a lower labor tax rate (lower than that
set by the small open economy policy maker which take as given foreign output) allows
to reach the same desired level of domestic/foreign output ratio. All these motives
contribute to weaken the desire of influencing their terms of trade.

Summing up, the difference in size between small and big countries affects the
incentives of their policy makers and thus the desired steady state level of domestic
output. Specifically in the case of the monetary union this level is closer to Pareto
efficiency than in the case of the small open economy. As explained in the next sections,
these different ”perceptions” in the steady state distortion are key even for optimal

policy decisions over the business cycle.

2.4.2 The case of a closed economy

In this section we step behind doing a small digression to explain how and why the
steady state distortion influences optimal monetary policy decisions in a closed econ-
omyiﬂ To this end consider the approximation of objective of the small open economy

policy makei|in the limiting case of oy = ay = 1:

o0

1 ~c ~Cc~C ~c :
—§Y¢+1ZﬁtE0 [wcﬂrtg + e (T5)? — 200e 3855 + wea(E)?| + tip.
t=0

(2.72)

20This explains the dependence of 7, on 1 — ,, a parameter that governs the elasticity of aggregate
demand for the domestic goods to the terms of trade across areas.

2L .at least under flexible prices which is the relevant case for the steady state analysis.

220n this topic the seminal contributions have been those of |Benigno and Woodford (2005) and
Benigno and Woodford| (2006]).

43See the appendix.
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with:
€

@e1 = [1 = (e +1)] "
@We2 =[1 = C(p+1)] e
Wes = (O
Wes = [(1 — Ao — 1)+ o+ (1 — (cgo)}
¢ = T

Cc — (p + o

and where t.i.p. stands for terms independent of policy. expresses the utility
losses (approximated up to second order) as function of inflation and the welfare-relevant
consumption and output gap. In fact ¥ = 2, — 27 denotes the deviations of x; from the
target of monetary authority when the economy is closed. This target can be retrieved
by equations — under the assumption that oy, = a5 = 1 and satisfies the

next conditions:

[1— Gl + 1)) (mrs; —mrty) = o + 1) (2.73)
= (2.74)

with
mrs; —mrty, = @i + o — (o + 1)
mrs; and mrt, represent the log-deviation of the marginal rate of substitution and
of the marginal rate of transformation between consumption and output.

Thanks to conditions (2.73|) and (2.74) we can achieve the following conclusions

about the goals of the monetary authority:

1. When the steady state is efficient (i.e. 7 = 0 and (. = 0 ), we go back to the
standard result of closed economy literature@ for which the central bank would
like to close the gap between mrs; and mrt, because in this way it reaches the

first best allocation.

24See among others (Gali (2008) and Woodford, (2003).
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2. Under technological shocks, the monetary authority still wishes to close that gap
even if the steady state is inefficient (i.e. (. # 0). Indeed in that case she cannot
influence the distortions due to the steady state inefficiency. Therefore she seeks
to replicate the fluctuations of the first best allocation. In other words, under
technological shocks, the target of the monetary authority is not affected by the

steady state inefficiency because the flexible price allocation is constrain efficient.

3. Conversely under mark up shocks the monetary authority is willing to bear a dif-
ference between mrst and mrt,, where this difference depends on the mark up
shocks themselves and on the size of the steady state distortion. In particular if
the steady state output is inefficiently high (i.e. (. > 0), the monetary authority
wants output to negatively comove with these shocks. As a result, the central
bank would focus more on inflation than output stabilization (more than what
would do if the steady state were efficient) given that a positive mark up shock
tends to reduce output. Viceversalﬂ an inefficient low level of steady state out-
put (i.e. (. < 0) would imply a monetary policy that weighs more output than

inflation stabilization.

At a first glance the third result is quite puzzling: mark up shocks generate inefficient
fluctuations in consumption and output. Intuitively we could expect that then the
central bank would like to completely stabilize output and consumption (as in fact
it is willing to do when the steady state is efficient). Instead, it wants output and
consumption to react to these shocks. Why? The underling reason can be understood
by considering condition (2.17)) (in its closed economy case counterpart), when prices
are flexible and there are no shocks to technology:

E {%} = E{YFTE{(1+ )} + Cov {Y 77 (1 + u) } (2.75)
According to , the lower is the covariance between mark up shocks and output,

the higher is the average per-period output for a given level of per-period real wage.

o+p

25under the parametric restriction: 7 < ol
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Indeed, if output fluctuates more in response to mark up shocks - which corresponds
to a decrease in the covariance between output and the mark up shocks themselves -
consumers have to rise on average their labour effort in order to get the same real wage.
Then if output is on average inefficiently low because of the steady state distortion,
allowing for negative comovements between output and mark up shocks have beneficial
effects because it shifts downward the average supply curve engendering an efficient

increase in the average level of per-period output.

2.4.3 The case of the small open economy

As shown in the appendix, the objective of the small open economy policy maker of

country ¢ in area H can be approximated up to the second order as:

o0

1 ~3,8 ~1,8 ~1,8 ~1,8 .
_§Y¢+1ZﬁtE0 |:ws,1(7ri,t)2 + ws,Z(yt7 )2 - 2ws,3(ct’ yt7 ) + ws74(ct7 )2 + th
t=0

(2.76)

where

mu1 = (1= Glo+ 1))5

w2 =[1 = (e + D]y
Ws,3 = gs’Yso-

W, = (1 - %)(U - 1) + CS’YL?UQ + (1 - Cs@)(és + wl)
_ ds—(1—7)
G = 05 + V50

wy is properly defined in the appendix and 92’,’;’5 = 1! —ii’s. if;’s indicates the target of
the small open economy monetary authority which is determined by ([B.40)) —@
Notice that in the case of the small open economy the t.i.p., the terms independent of

monetary policy, include the aggregate variables of both areas H and F'.

26This target can be interpreted as the constrained efficient allocation from the small open economy
viewpoint, namely the allocation that would be chosen by a small open economy policy maker that
has as objective the maximization of ([2.76]) subject exclusively to constraint ([2.45)).
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The welfare approximation in (2.76]) contains the output gap, the consumption gap
and inflation like in a closed economy. What is crucially different are the weights
attached to these variables and the target that the authority would like to implement.
This divergence with respect to the closed economy case is rationalized again by the
desire of open economy policy makers to manipulate the terms of trade in their favour.
In fact, on the one hand, this incentive works even over the business cycle and gives
reason, for instance, for the higher weight attributed to consumption gap volatility:
policy makers realize that fluctuations in consumption are associated with fluctuations
in the terms of trade. On the other hand, this same incentive explains why from the
small open economy policy makers viewpoint, the steady state is efficient as long as
Y =Y, - which implies 7 = 75 and thus (;, = 0 - and not when ¥ =Y, =1 as in a
closed economy. This has clear consequences for the weights in (given that (q
depends critically on the difference between 7 and 7;) and for channels through which
openness modifies the conduct of small open economy central banks.

To better investigate these channels consider the subsequent conditions:

[1 = Culop + D(mFs5, — mrty,) = Gl + Ve + KaSim, (2.77)
~S ~S (20&5 B ]') ~S
Uire = Corp + (1 — 5b)TSHF,t (2.78)

where

o
S = —
HFt 20y — 1

fis = (20 — o1, [(1 = Gop)(0(1 = )0 — wa) + Cs((1 = ) — o(1 = 7))

(éF,t - éf*{t)

Conditions (2.77) and ([2.78)) are recovered by properly rearranging and integrat-

ing (B.40) -(B.43]), the equations determining the targe@ of the small open economy
authority. The comparison with their akin of the closed economy, namely (2.73]) and

(2.74), allows to stress the following findings:

1,8

1
2Tunder the assumption that the target is implemented which ensures that f02 T°di =Zg .
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1 As indicated by the terms ks5pp¢, even when the steady state is efficient from the
small open economy viewpoint (i.e. (s = 0), in general, the target does not
coincide with the flexible price allocation. This is because small country policy

makers try to manipulate their terms of trade even over the business Cyclelﬂ.

2 The target reacts to domestic mark up shocks if and only if there is a steady state

inefficiency from the small open economy perspective (i.e. (s # 0).

This second result confirms our intuition that from the small country viewpoint the
welfare relevant distortion is determined by the difference between 7, the actual steady
state labour subsidy, and 75, = 1 — 5, its desired level (which in turn governs the value
of (5). As long as 7 # 7, the small open policy maker considers inefficient the aver-
age per-period wedge between the marginal rate of substitution between consumption
and labour and its marginal rate of transformation. In particular, under the baseline
calibration the per-period output is regarded as inefficiently high (i.e 7 > 1 — §5 and
(s > 0). Indeed, once the aggregate world variables are taken as given, at the margin
an increase in leisure rises utility by more than an increase in consumption. This gen-
erates a motive for the central banks of the small open economies to seek to squeeze
the average per-period output and to modify their inflation output trade-off. In fact,
by focusing more on output than on inflation stabilization@ in response to mark up
shocks, these authorities can induce domestic households to work more. In this way
per-period domestic output, which is perceived as too high, can fall.

The timelessly optimal monetary policy can be retrieved by maximizing with

~1,§ ~i,S

respect to y,°, ¢,” and m;; subject to the following sequence of constraints:

i = 0sC, (2.79)

T = A [0 + 076°] + Avp® + BE{mi i1} (2.80)

for all ¢t where:

Z8Notice that not surprisingly if o, = 1 then x; = 0. In fact if the area is closed, then on average
the effects due to the terms of trade externality disappear.
29 as long as % >0, — (1 —7).
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v =i+ 0l o (W — ) e + 0 (1 =) ére — (1 + @)ay + ;.
2.4.4 The case of the monetary union
As shown in the appendix, if there is a monetary union in area H, the objective of the

monetary policy maker can be approximated in a purely quadratic way as:

1

—§YW+IZﬁtEo [wb,l(ﬂ 1) + @2 (Ur,)* + 200,385 i + 200l gy + @b (U,)°
t=0

b ~b b ~b b \2 ~b 12 b ~b .
+2wb,6cF,tyF,t + 2wb,7CH,tyF,t + wb,S(CF,t) + wb,9(CH,t) + 2wb,IOCH,tCF,t +tap.

(2.81)

where

@1 = (1= Glp + DI5

@2 = [1 = Gle + 1]

W3 = —C0V

@4 = —Go (1 —7)

w5 = —(§— Q)+ 1y

@he = —(§ = G)om

@7 = (§ = G)o (1 —n)

@ = —(1 = Gle + 1)1 = &) = (£ = G)pds + o (1 —7)* + (1 = Gp)no (1 — 1)
@9 = (0= (1= 7) + (1= Gl + 1) — (€ = G)p(l = 8) = (1 = G)na®w(l — )
+G0 7 + (6= G)o® (1 — )

@10 = (1 — Go)no (1 — ) + 4o (1 — ) + (€ = G)o? (1 — %) W

1 7 w—14+(1/2)7

G =3 -
204+ ¢ (1 =2%)o+ (1 —20)p
,7’:

fza—i—go

and 7? = #; — 22 2¥ denotes the target of the monetary union central bank which
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can be determined from (2.47)-(2.48) and (B.59)-(B.63)F"} In addition t.i.p., the terms

independent of policy, include the state contingent path of 7, decided by the policy
maker of the monetary union in area F' and the differentials between country specific
and average union Variableﬂ.

To grasp some insights the incentives driving the optimal monetary policy of the

monetary union consider the following ”targeting” condition:

b —b

[1— Gl + 1)](%?{,t - ”%Ht) — (&= G)(p+ 1)(%%,:5 - mrtF,t) =

Gl 4+ Dtpe + (€= G) (0 + 1) fupy + kS, (2.82)

where:

—b R

——b N A A~ N
Mrsg, —mriyg, = soy?{,t + UCZ}J,t —(p+1ag: +o(1 - 'Vb)(cl;?,t - Cl}i’,t)

—b

——b A A ~ A ~
Mrsp, —mrtp, = gpy%t + UCZ;?,t —(p+1)ap +o(1 - 'Yb)(CII)?,t - C%,t)

ko= (20 = D)o (1= G (e + ) (1= &) —a(1 =) — (£ = Q)@ + ) (d — o))

—b

Thus Tﬁﬁsi’q,t and mrty, (as 77/1-7“\51;7715 and rﬁr\t;t) stand for the average marginal rate
of substitution and transformation between consumption and output in area H (in
area F). Like its analogue , condition is derived from the equations that
determine the target of the monetary union policy makers, namely — and
(IB.59)-(B.63).

Condition leads to the next conclusions:

1 Differently from the case of the small open economy, the common central bank in
area H wants to stabilize a weighted average between the gap between n%l}[,t and
n/faﬁl;{,t in area H and this same gap in area F. In fact, the monetary authority
of the currency area takes into account how its decisions affect the demand and

the supply of foreign goods and the related feedback effects on its own economy.

3%namely the constraint efficient allocation from the perspective of the policy maker of area H.

This allocation corresponds to the allocation chosen by a policy maker that maximizes subject
exclusively to constraints and . See the appendix.

31Tndeed, by choosing the average union inflation, the common central bank can influence only
the average union performance. However, these terms have to be taken into account for the welfare
evaluation.
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2 However the central bank of the monetary union attaches different weights to home

and foreign variables.

3 Moreover that authority balances the need to stabilize the gaps between the marginal
rates of substitution and transformation with a twofold desire: on the one hand,
as indicated by the term k;, it wants to manipulate the terms of trade in its favor
over the business cycles; on the other hand, in the presence of domestic mark up
shocks, it seeks to influence the average per-period levels of both domestic and

foreign output.

These features are direct consequence of the desire to improve the terms of trade
already emphasized above. This incentive stems from a free riding problem. Under
the assumption of complete financial markets, consumption is highly correlated across
countries. Given that labour effort lowers utility, this risk sharing in consumption gen-
erates a conflict on where to produce output. Indeed, the higher is the substitutability
between home and foreign bundles, the more countries wish to outsource production
and squeeze domestic output relatively to foreign output. In this manner they can
reduce labour effort without decreasing too much consumption.

This mechanism gives reason of why the size of the economy shapes optimal mone-
tary policy decisions. In the limiting case in which the economy is small, the only way
monetary policy can lessen domestic/foreign relative output ratio is through a contrac-
tion of domestic production. In fact, the economic performance of a single small open
economy is irrelevant for aggregate output behavior. Conversely when the economy is
big, policy makers realize that their decisions can diminish the domestic/foreign per-
period output ratio through either a reduction of the domestic output or an increase
of the foreign one. As consequence, and as highlighted by condition , the target
of the monetary union central bank depends on foreign mark up shocks and attaches
asymmetric weights to domestic and foreign economic performances. In particular un-

der the baseline calibration, per-period foreign production is considered inefficiently low
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even more than domestic oneiﬂ. In other words, policy makers of the big economies
want households abroad to work more than consumers at home.

The optimal monetary policy problem of the common central bank in area H can
be formulated as maximizing with respect to g, ¥, &4 Chy and mpy subject

to the following sequence of constraints:

gl;{,t = 5?% + (1 =) (611)% Cl;{ +)
g%,t = 6%,15 + (1 — 5b)(él}{t C%t)
T = A [Spgl}{,t +to (6?{,15 + (1= %) (CFt t))} + /\U?{,t + BE{mH 1}

Tr: = A [Wj%,t +o (Ell)?,t + (1 7b) (CHt CFt))} + /\UFt + ﬁEt{ﬂ'FtJrl}

for all ¢ where

= 90@?{,15 + Ué?f,t +0o(1—7) (CFt é%{,t) — (L4 w)am: + fimy
@%t SO?JFt + GCFt to (1 — M) (CHt th) (1 + Sp)aFt + firy

The solution to this problem allows to determine the average inflation in area H and all
the other area variables, given a state contingent path of the average inflation in area F.
A symmetric problem can be stated for the foreign area. Notice that once the average

union variables are determined, the region specific variables can be recovered directly

from the equilibrium conditions namely (2.32)), (2.33)), (2.45)), (2.46)), (2.59)) and (2.60]).

Moreover, under this formulation, the optimal monetary policy problem is independent
of whether there is either monetary autonomy among countries or a monetary union in

the other area.

2.5 Optimal monetary policies

The solution to the optimal policy problems of both the small open policy maker and

the central bank of the monetary union enable us to simulate the impulse responses to

32Notice that in order to reach the efficient level of foreign output, the labour subsidy should be set

equal to T = —%, a level such that foreign labour is over-subsidized!
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a one percent decrease in home and foreign mark ups under regimes A and B. These
impulses responses are plotted in figures 2.2, The baseline calibration is listed in
the appendix and is in line with the literaturd>]

2.5.1 Dynamic Simulation

The impulse responses to a global negative mark up shock can be interpreted as follows.

As shown in figures and [2.2] under optimal policies, given the fall in their
marginal costs, both home and foreign firms cut prices and expand output supply.
Workers increase consumption and reduce leisure. Monetary policies have then to
trade off between output and inflation stabilization. These patterns are common to
both areas and regimes. However, under regime A, consumption and output in area
H increase by less than in regime B, while deflation in area H and output in area F'
increase by more. These differences are explained exclusively by the diverging conduct

of policy makers under the two policy regimes.

Regime B. Under regime B, when there are two currency unions, impulse responses
are symmetric across areas. Under the baseline calibration both domestic and foreign
per-period output are perceived as too low. However, the distortion in the foreign
production is considered relatively stronger (i.e. the desired steady state output ratio
}%’ < 1.). As consequence under global mark up shocks, monetary union policy makers
would like foreign output to fluctuate relatively more. In other words they attempt to
generate a positive covariance between mark up shocks and their terms of trade in order
to induce foreign consumers to rise their production by more than domestic households.
Obviously, in equilibrium none of the policy makers in area H and F' reaches her goal.
Indeed given symmetry, home and foreign output perfectly commove in such a way that

their relative average per-period ratio is always equal to one.

Regime A. Under regime A, the conduct of the monetary policy makers in area

33See in particular (Gali and Monacelli| (2009), \Gali and Monacelli| (2005 and Pappal (2004).
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H is dissimilar from that in regime B in two respects. On the one hand, under the
baseline calibration, the per-period domestic output is too high from the small open
economy perspective. As a result, when there is monetary independence, they are more
focused on output stabilization than the central bank of the monetary union. Indeed,
in response to a negative mark up shock, they seek to restrain output expansion and
allow for a higher deflation by increasing on average the nominal interest rate by more
than what the single central bank of the monetary union does in regime B. In this
way they push the economy in the direction of an improvement of the terms of trade
in their area. In fact being their economies small, these monetary authorities consider
what happens in the world economy as exogenous. Thus, they do not take into account
(as the monetary authority of a currency area does) how their joint action affects
per-period foreign production. Therefore they do not realize that boosting the negative
covariance between foreign production and mark up shocks can be beneficial: it induces
foreign workers to produce additional output that can be consumed even by domestic
households thanks to the consumption risk sharing.

Given the restrictive monetary policy in area H, the monetary authority of area
F' restrains monetary policy as well, but not as much as the central banks of area H,
allowing for a terms of trade worsening. By doing so, she wants to oppose the restrictive
policies of the other area, because she finds an expansion of foreign output beneficial.
Nevertheless, she also wants to stabilize domestic price dynamics. Deflation response
in area F' is similar across regimes, whereas output and consumption are influenced by

the restrictive policy of the policy makers in area H.

There is a crucial question that is still left open. When are the consumers of area H

better off? In regime A or in regime B? This question is addressed in the next section.
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2.6 Welfare evaluation

The analysis of the previous section reveals that, in the presence of mark up shocks,
there are potential welfare benefits from the adoption of a common currency. Moreover,
it makes clear which are the sources of these benefits: on the one hand the internal-
ization of the spillover effects generated within area H; on the other hand the gains
in monopoly power in controlling the terms of trade across areas. The household wel-
fare based criterion derived in allows to quantify the welfare gains of being in a
currency area as average per-period losses expressed as a fraction of the steady state
consumption. The results are quite robust: under mark up shocks, even for relatively
low levels of the elasticity of substitution between home and foreign bundles, there are
welfare benefits of forming a monetary union. In the next sections we analyze how

these benefits vary according to the key parameters of the model.

The intertemporal and the intratemporal elasticities of substitution. Both the in-
tratemporal elasticity of substitution between home and foreign bundles, 7, and the
relative risk adversion coefficient (the inverse of intertemporal elasticity of substitution
of consumption), o, are crucial to determine the size of the welfare gains (or losses)
of abandoning monetary autonomyF’_Z]. Indeed they influence directly the effects that
movements in the terms of trade produce on the demand of foreign goods. The higher
are n and of"} the larger is the switching effect from domestic towards foreign goods,
the stronger is the increase in foreign production due to a terms of trade improvement
and the more domestic production (and leisure) decreases allowing home households to
reach a higher level of utility. Summing up, these parameters govern the real effects of

the beggar-thy-neighbour policies and therefore the benefits of policy coordination that

34This finding is actually consistent with the literature. See in particular Benigno and Benigno
(2003)), Benigno and Benigno| (2006)) and [Pappa (2004).

35The lower is the intertemporal elasticity of consumption, the higher is the incentive to smooth
consumption across periods. Thus, when there is a terms of trade improvement, consumers are more
inclined to keep the same level of overall consumption, buying more foreign goods or working more to
substitute between the present and future consumption.
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arise from being in a monetary union. Figure [2.3| plots how welfare benefits increase in
area H relatively to an increase of  and o. 7 varies from 1 to 3, while o varies from 1
to 2.5. Within this range, these gains reach a maximum of 0.3 percentage of the steady
state consumption. However, for low levels 7 the adoption of a common currency brings

about welfare losses up to 0.1 percentage of steady state consumption.

The degree of home bias. The welfare benefits of a monetary union are due to
two main channels: the internalization of all the external effects produced within the
monetary union by the national authorities; the gains of monopoly power (due to the
bigger size of the area) on the terms of trade (and thus average output differentials)
across areas. A relevant question is which of these channels contributes more to explain
the welfare benefits themselves. For this reason, we investigate to what extent these
gains depend on the degree of home bias of area H, ay,.

Figure plots the welfare gains of being in the regime B for the consumers of area
H relatively to different degree of 7 (from 1 to 3) and «;, (from 0.6 to 1) and shows the
following result. For low degree of n the welfare gains - which are actually losses - are
lower in a closed economy (i.e. «p = 1), whereas for high degree of n the converse is
true. This finding can be explained as follows. If n and «, are high, the main sources of
welfare gains is due to the elimination of the spillover effects within the union in area H.
Indeed if the area is very closed, the welfare benefits due to an increase in control on the
terms of trade across area and on average area output differential are not important.
However if  and oy are low the main gain in adopting the same currency is due to the
internalization of both the impact of its actions on the foreign area and related feedback
effects on the same area H.

In order to better disentangle these two sources of welfare gains, it would be useful
to allow for different elasticities of substitution between bundles produced in different
regions and in different areas. In this way, in fact, it would be possible to understand
how the welfare gains of forming a monetary union vary in response to a variation of

a parameter, the elasticity of substitution between bundles produced in different areas,
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that affects exclusively exeternalities generated by the big economy on the terms of

trade across areas.

The correlation between region specific shocks. For the purpose of this chapter, it is
important to check how welfare gains depend on the correlation between region specific
shocks. Indeed, this correlation is the key determinant of the costs due to the loss of an
independent instrument of policy that can suit specific country economic conditions.

Figure 2.5 plots the welfare gains of the consumers in area H relative to the elasticity
of substitution between home and foreign bundles 1 and to that ¢;. Not surprisingly
according to that figure the lower is the correlation between regional shocks the lower
are the welfare benefits of adopting a common currency. In fact for small levels of n and
¢1 there are significant welfare losses across policy regimes up to 0.15 of the steady state
consumption. However for high level of n independently of the degree of correlation
between region specific shocks, the welfare gains of having the same currency are always

greater than 0.1 percent of the steady state consumption.

2.7 Conclusion

This chapter has shown that, in the presence of mark up shocks, under plausible cal-
ibration there are welfare gains due to the adoption of a common currency. This
finding is obtained in a New Keynesian open economy framework in which forming a
monetary union entails a meaningful trade-off: on the one hand, because of nominal
rigidities, losing monetary independence implies the welfare costs of renouncing to a
policy instrument that can stabilize country-specific shocks; on the other hand, delegat-
ing the monetary policy to the monetary union’s central bank generates welfare gains
by improving the conduct of the national authorities. In a world constituted by two
economic areas as the one laid out in our basic setup, two are the main sources of this
improvement. The first is due to the internalization of the spillover effects produced by

autonomous authorities within the monetary union. The second is due by the gain in



74

monopoly power in controlling the terms of trade across areas and the feedback effects

of the policy maker decision.
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Baseline Calibration

Intertemporal elasticity of substitution of the private goods;

Elasticity of substitution between home and foreign private goods;
Intertemporal elasticity of substitution of labor;

Degree of home bias for the bundle of the region;

Degree of home bias for the bundle of the area;

Elasticity of substitution among goods produced in the same region;
Preferences discount factor;

Standard deviation of the white noise of the aggregate technological shocks;
Standard deviation of the white noise of the aggregate markup shocks;
Autocorrelation of shocks;

Steady state labour subsidy;

Correlation between region specific shocks.
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Figure 2.1: Impulse responses to a negative aggregate markup shock.
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Figure 2.2: Impulse responses to a negative aggregate markup shock.
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Welfare gains for the households of area H
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Figure 2.3: Welfare gains for area H expressed as percentage of the steady state con-
sumption.
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Welfare gains for the households of area H
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Figure 2.4: Welfare gains for area H expressed as percentage of the steady state con-
sumption.
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Welfare gains for the households of area H
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Figure 2.5: Welfare gains for area H expressed as percentage of the steady state con-
sumption.
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3 Optimal trade policy: Home market ef-
fect vs. terms of trade externality

3.1 Introduction

The aim of this chapterl] is to study optimal trade policy in a version of the [Krugmanl
(1980) model of intra-industry trade due to monopolistic competition and increasing
returns. We consider a generalized version of the Krugman model with two countries
and two sectors - one with monopolistic competition, increasing returns and iceberg
trade costs and one that features perfect competition and constant or decreasing re-
turns. Within this framework we study the optimal non-cooperative and cooperative
determination of import tariffs and production subsidies.

While the standard result for optimal tariffs | implies that countries have incentives
to impose a tariff on imports and/or exports in order to improve their terms of tradeﬂ
a strand of literature from the 1980’{Y as well as some recent contributionsg’] emphasize
a second channel - a production relocation effect (home market effect).

The idea behind the production relocation effect is that in the presence of trade
costs and increasing returns countries have an incentive to impose a tariff on imports
or to subsidize production in order to induce firms to relocate to the domestic economy.
In this setup firms locate in the country where demand for their goods is relatively high
in order to minimize shipping costs that cut into their profits. A tariff on imports shifts
demand towards domestically produced goods, thereby increases the size of the home
market relative to the foreign one and causes firms to relocate to the domestic economy.

A production subsidy has a similar effect. This benefits domestic consumers since they

!This chapter is based on a joint paper with Alessia Campolmi and Harald Fadinger.

2See, for example, Helpman and Krugman| (1989)), Feenstra (2004)).

3Through all the chapter we define the terms of trade as the price of imports relative to the price of
exports. Countries have an incentive to improve their terms of trade by making domestically produced
goods more expensive in order to obtain more foreign produced goods in exchange for the same amount
of exports.

4Venables| (1987) and Helpman and Krugman| (1989), Chapter 7.

SMelitz and Ottaviano| (2008)), Ossa/ (2008).
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pay lower prices on more varieties - as they need not pay transport costs on locally
produced varieties. Foreign consumers however are worst off because less varieties are
produced in their country.

We show that optimal trade policy is not driven by a production relocation ex-
ternality even in a setting where the potential for the home market effect to work is
maximized. Instead, optimal trade policy is always driven by the standard terms of
trade externality.

The explanation of the difference between our findings and those of the existing
literature is twofold. On the one hand most of the previous results have been derived
supposing that tariffs are pure Wasteﬂ As we clarify in more detail in section m
while assuming that tariffs revenues are not rebated to consumers has been claimed to
make the case for the home market effect even stronger, what it does is actually to make
the model partial equilibrium. In the present chapter we show how allowing for tariff
redistribution generates wealth effects that are crucial for optimal trade policy. On the
other hand the inefficiency due to monopolistic competition has always been overlooked.
Indeed we demonstrate that the market equilibrium without any policy intervention
implies an inefficiently low number of varieties due to the presence of monopolistic
competition. As a consequence of that uncoordinated policy makers try to increase the
amount of domestic varieties by imposing, for instance, a tariff on imports. This result
has been misinterpreted as a home market effect. Once the monopolistic distortion
is eliminated by a lump sum financed subsidy to production of differentiated goods,
optimal trade policy under non-coordination is driven exclusively by the terms of trade
externality and domestic policy makers seek to externalize production of differentiated
varieties.

The following conclusions can be drawn from our analysis. First, in the two-sector
model analyzed, the market equilibrium allocation is inefficient due to monopolistic
competition. If production subsidies are available, the first best allocation can be

reached under coordination and there is no role for import tariffs. Contrary to the

SVenables| (1987), [Helpman and Krugman, (1989), Ossa| (2008).
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result of [Venables (1987)) we find that it does not pay to try to induce firms to locate
in the domestic economy by over-subsidizing production. Conversely countries have an
incentive to deviate from the cooperative solution lowering their subsidy in order to im-
prove their terms of trade. Second, if import tariffs/subsidies are the only instrument,
the optimal policy under coordination is to subsidize imports in both countries but the
first best allocation is not implementable anymore. Third, if the number of differenti-
ated varieties is Pareto-optimal due to a production subsidies and there are constant
returns to scale in the homogenous sector, the optimal non-cooperative trade policy
consists of a positive import subsidy that improves domestic terms of trade, instead of
a tariff (subsidy). Instead if there are strong decreasing returns for the homogenous
good, the same term trade improvement can be achieved by taxing importg|

Finally, if the number of differentiated varieties is inefficiently low, the optimal non-
cooperative trade policy is given by a positive import tariff. Such a trade policy is not
motivated by a production relocation externality but rather by the attempt to correct
for the distortion arising from monopolistic competition.

The chapter proceeds as follows: section presents the related literature, section
the model, section [3.4] the equilibrium, section [3.5] the optimal trade policy problem

and section [3.6] concludes.

3.2 Literature Review

This chaptelﬁ builds on Krugman| (1980)’s model of intra-industry trade. Krugman
shows that in a two-sector model with increasing returns and transport costs, given the
incentives to concentrate industries closer to the biggest market, each country is a net
exporter of the goods produced in the sector for which it has a relatively larger domestic

demand. This is what is usually referred to as the home market effect. As shown first in

"This is because a reduction of the homogenous good production increases marginal productivity
in that sector and thus the relative wages. This effect which is absent in the case of constant returns
to scale, more than compensates the terms of trade trade worsening due to the relative decrease in the
number of varieties in the differentiated sector.

8This chapter builds on a joint work with Alessia Campolmi and Harald Fadinger.
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Krugman (1980) and discussed more in detail by [Davis| (1998]), in a special case where
one sector is characterized by monopolistic competition and transport costs while the
other operates in a regime of perfect competition and no transport costs, if the two
countries differ only in size, the bigger country is a net exporter of differentiated goods,
while the smaller country exports the homogeneous good. As a consequence, consumers
in the bigger country experience higher welfare because they save on transport costs.
In such a context, Venables| (1987) studies import tariffs and export and production
subsidies. He concentrates on non-strategic interactions (i.e., unilateral changes in the
policy instrument of one country with no retaliation) and shows that: first, a country’s
welfare is raised by a unilateral increase in its import tariffs when tariff revenues are not
redistributed; second, a production subsidy also increases welfare. He interprets those
results in the light of a home market effect. In his analysis Venables never corrects
for the presence of inefficiency in the economy due to monopolistic competition. We
extend Venables| (1987)) in several dimensions, which we believe to be crucial for a better
understanding of the incentives that shape trade policies. The first extension is to the
case when such inefficiency is taken care of in order to disentangle the different incentives
behind trade policies. Second, we allow for redistribution of all tariff revenues. Finally,
we consider not only the non-strategic interaction but also the cooperative solution and
the Nash equilibrium for each policy instrument. We show that when tariff revenues
are redistributed and allocations are optimal without tariffs, policy makers choose an
import subsidy (they pay for increasing foreign demand) in order to reduce the domestic
number of firms and to improve the welfare relevant terms of trade. We also show that
for Cobb-Douglas utility the subsidy to domestic production that is optimal from the
domestic policy maker’s viewpoint is always smaller than the one chosen by the world
planner. This implies that domestic policy makers try to improve their terms of trade
rather than to increase the number of domestic firms above the efficient level. Still,
they choose a positive level of subsidy because the number of firms in the decentralized
equilibrium without policy intervention is too low.

In their standard work on trade policy under imperfect competition Helpman and
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Krugman (1989)) confirm Venables’ results. They also discuss the ”production efficiency
effect” in a somewhat special model with a specific factor and factor price equalization
for the mobile factor’] The difference between the price and the marginal cost of
domestically produced varieties caused by monopolistic competition induces domestic
consumers to consume too little of domestic goods. A tariff on imports can correct for
this, even when relative factor prices and hence the relative price of individual varieties
are not affected by a tariff. We find that this "production efficiency effect” is in fact also
the explanation for the result that there is an optimal tariff in the two sector Krugman
model, when monopolistic distortions are not eliminated by a subsidy.

Gros| (1987) analyzes optimal (strategic and non-strategic) import tariffs in the one
sector Krugman model without trade costs. He shows that the competitive equilibrium
(with or without trade) is Pareto-optimal in this set-up. Since there are no trade costs,
factor prices are equalized as long as there are no tariffs. In the presence of tariffs factor
prices may differ, so there is room for a terms of trade effect, even though the number
of firms is pinned down by labor market clearing. He computes the optimal tariff on
imports and shows that it is positive even for a small open economy. In the small
open economy the optimal import tariff equates the social marginal cost of domestic
goods - given by the marginal cost of production - to the social marginal cost of foreign
goods - given by their price. To make consumers aware of the monopolistic markup
they have to pay to foreign firms on imports, foreign goods must be more expensive
than domestic ones by the markup factor (since the markup of domestic firms is just a
transfer from domestic firms to domestic consumers), so the optimal tariff on imports
equals the markup. For large economies the optimal import tariff is larger because it
internalizes the effect that lower aggregate home demand for foreign varieties improves
aggregate terms of trade.

Our model collapses to the model analyzed by (Gros (1987) when there is only one
sector and becomes qualitatively very similar when there are strong decreasing returns

in the production of the homogeneous good. In this case relative wages are pinned

9Their analysis is based on Flam and Helpman| (1987).
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down in the homogeneous sector and dominate the effect of variety on aggregate terms
of trade. Uncoordinated policy makers now have an incentive to set a positive import
tariff (instead of a subsidy), which increases production in the differentiated sector and
therefore the domestic relative wage in order to improve the terms of trade.

This chapter is also related to a recent contribution by |Ossal (2008). Using a version
of Venables’ model with a Cobb-Douglas utility function, he studies optimal import
tariffs in a non-cooperative game. He finds that governments have incentives to uni-
laterally impose (infinite) import tariffs and interprets this as a production relocation
externality. While the main results are derived under the assumption that tariff rev-
enues are wasted, in the appendix he also considers a redistribution of tariff revenues
and still finds an optimal finite tariff on imports. His interpretation (which coincides
with [Venables (1987) and |Helpman and Krugman| (1989)) is that the optimal tariff is
now finite because a too large tariff implies lower tariff revenues. However, he does not
eliminate the allocational distortion between the sectors due to monopolistic competi-
tion, which is in fact driving this result.

Finally, [Melitz and Ottaviano| (2008) study unilateral trade liberalization in a model
with heterogeneous firms, variable markups and a freely traded outside good. They
demonstrate that in the long run (when entry and exit of firms is allowed for) a unilat-
eral reduction of import tariffs (that are again assumed to be wasted) reduces domestic
welfare. In their model, a reduction in tariffs causes some firms to leave the domestic
market, which may reduce domestic welfare if the number of firms in the differenti-
ated sector is too low because of monopoly distortions, which they do not correct. In
addition, in their model a reduction in the number of firms in a market induces pro-
ducers to charge higher markups thereby increasing monopoly distortions. Hence, it is
in principle possible that optimal uncoordinated trade policy in their model involves
a production relocation externality even when the number of differentiated firms is
efficient with zero tariffs because there is the additional benefit of having more firms
- increased competition leads to lower markups, which benefits domestic consumers.

Whether this is in fact the case would require a formal investigation.
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3.3 The Model

The world economy is composed by two countries: Home and Foreign. Each coun-
try produces a homogenous good and a continuum of differentiated goods. All goods
are tradable but only the differentiated goods are subject to transport costs. The
differentiated goods sector is characterized by monopolistic competition while perfect
competition is assumed in the homogenous good sector. The two countries are iden-
tical in terms of preferences, production technology and market structure. The model
is solved under the assumption of financial autarchy. In what follows foreign variables

will be denoted by a (*).

3.3.1 Households

Household’s utility function in the Home country is given by:

Uc,z)y= coz« (3.1)

where C aggregates over the differentiated goods, Z represents the homogeneous good
and « is the share of the differentiated goods in the aggregate consumption basket.
While the homogenous good is identical across countries, each country produces a
different subset of differentiated goods. In particular, N varieties are produced in
the Home country (Cy) while N* are produced by Foreign (Cr). We allow for a
general specification of the consumption aggregators with two different elasticity of
substitutions, one between home and foreign goods (1) and one between goods produced

in the same country (¢):

Cyt = [ /0 3 c(h)asldhl T e [ /O T f)asldf} T a1 33
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Foreign consumers face an analogous utility function. Let p(h) (p*(h)) be the price
payed by home (foreign) consumers on domestically produced goods while p(f) (p*(f))
is the price payed by home (foreign) consumers on imported goods. In general, p(h) #
p*(f) and p*(h) # p(f) because of transport costs and tariffs/subsidies on imports.
Households inelastically supply L units of labor. The budget constraint of Home con-

sumers reads as follows:

PC+pzZ =WL+T +1I, (3.4)

where W is the wage, pz is the price payed for the homogeneous good, Il are firm
profits redistributed to consumers and 7' is a lump sum tax/transfer which depends
on the tariff/subsidy scheme adopted by the domestic government and which will be
defined later. Then the solution to the consumer problem gives the following demand

functions and price indices:

e Home’s and Foreign’s demand for differentiated varieties produced by Home:

o PH - * PI? o *
o [B] e a-[B]"c e

e Home’s and Foreign’s demand for differentiated varieties produced by Foreign:

- ["L] e o= e e

-n x 1N
COp = {&} C Cr = [};ﬂ C* (3.8)
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e Demand for the homogeneous good in Home and Foreign:

l—aP 1—aP
-2 ¢ 7= -2 o

a Pz & Py

Z

(3.9)

e Domestic price indexes:
1 -0 T
P= [PH*” + PF*"} 1o (3.10)

1

ro= | Np<h>“dh] T e I N*p<f>“df] ENCETY

e Foreign price indexes:

P* — |:P;<11—T] ‘I’ P;l_"]] ﬁ (312)

1

Tope { / ; p*(f)l—adf} BN

N*
Py = { | rma
0

3.3.2 Firms in the Differentiated Sector

Firms in the differentiated sector operate in a regime of monopolistic competition. They
pay a per period fixed cost in terms of labor f and then produce with a constant returns

to scale technology:

Y(h) = Le(h) — F, (3.14)

where Lg(h) is the amount of labor allocated to the production of the differentiated
good h. Goods sold in the foreign market are subject to an iceberg transport cost 7 > 1.
Governments in both countries can use two policy instruments: a production subsidy

on fixed and marginal costs (7¢) and tariffs/subsidies on imports (77). A (*) indicates
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the Foreign policy instruments. We assume that those subsidies (taxes) are received
(payed) directly by the firms. Equivalently, we could have consumers receiving (paying)
them to the government. Solving the profit maximization problem, given the constant
price elasticity of demand, optimal prices charged by Home firms in the domestic market
are a fixed markup over their perceived marginal cost (1 — 7¢)W and optimal prices
payed by foreign consumers equal domestic prices augmented by transport costs and

tariffs:

9

plh) = (1 = 7)== W

p*(f) = 1rmp(h) (3.15)

In the same way, Foreign firms’ optimal pricing decisions lead to:

p(h)=(1-15) w p(f) = mrp*(h) (3.16)

e—1
Given that all firms use the same production technology, in equilibrium all firms in the
same country will charge the same price and we have perfect symmetry within firms in

the differentiated sector of each country.

3.3.3 Homogeneous good sector

Both countries produce a homogenous good which can be traded with no transport

costs. The two countries share the same production technology:

Qz = Ly v <1, (3.17)

where Lz is the amount of labor allocated to producing the homogeneous good. The
good is sold in a perfectly competitive market without trade costs. Consequently, the

price equals marginal cost and is the same across the two countries:

1 _4_ *
Pz = §LIZ W Pz = Dy (3.18)
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If v = 1 (constant returns to scale) and as long as the homogeneous good is produced

in both countries in equilibrium, there is factor price equalization:
pr=py=W=W" (3.19)

3.3.4 Government

The government in each country disposes of 3 fiscal instruments. A production tax/subsidy
(7¢) and tariffs/subsidies on imports (77). All government revenues are redistributed
to consumers through a lump sum transfer 7. The government is assumed to run a

balanced budget. Hence, the government’s budget constraint is:
N
(71 = V)7 P Cir + —eW / (Y(h)+ F)dh =T (3.20)
0

3.4 Equilibrium

Given that firms share the same production technology, the equilibrium is symmetric -
firms in the differentiated sector of one country charge the same price and produce the

same quantity. This implies that in equilibrium price indices can be written as:

p(h) L p*(h) o

—~ = N= = N*e1 3.21
Py 1 Py, ( )
PF:T[TP;} P;:T;TPH (322)

3.4.1 Free Entry in the Differentiated Sector

The assumption of free entry in the differentiated sector implies that monopolistic

producers in the differentiated sector make zero profits in equilibrium{™]

II(h) = ¢(h) [p(h) = (1 = )W ]+c*(f) [rp(h) — 7(1 = 70)W]=FW(l—7¢) = 0 (3.23)

10Remember that firms pay (receive) taxes (subsidies) to (from) the government. Taking this into

account, firms’ revenues from exporting are given by ¢*(f)Z :(,;f ) — o (f)mp(h).
I
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Using the optimal pricing rule into equation (3.23)), we obtain:

ch)+7c"(f) =(e—1)F (3.24)

Substituting the demand functions in (3.24)) and using (3.21)) and ({3.22)), the zero profit

condition for firms in the domestic differentiated sector can be rewritten as:

()@Y ermar(Z)e] 0w

An analogous condition can be derived for firms located in the foreign country:

(B Gy e

3.4.2 Goods and Labor Markets Clearing Conditions

(e —1)F = Nt=

(e —1)F = N*1=

For each differentiated variety produced by Home the following market clearing condi-

tion must be verified:

y(h) = c(h) + 7c*(f) (3.27)

Therefore, the zero profit condition (3.24]) and market clearing (3.27) imply that the
production of each variety is fixed and the same is true for the varieties produced by

Foreign:

y(h) = (e~ )F y'(h) = (e~ DF (3.28)

The market clearing condition for the homogeneous good is given by:

Qr+Qy=2+27" (3.29)

which, using the demand functions, can be written as:

Qs+ qy =1 [50 + ﬁc*} (3.30)
« Y2 Pz
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Finally, equilibrium in the labor market implies that L = Lo + Lz with Lo = N Lg(h)
in the symmetric equilibrium. Making use of (3.14]) and (3.28)), we have:

Lc = NeF Qz =|L— NeF|" (3.31)

and for Foreign:

Qy =[L" = N"eF] (3.32)

3.4.3 Balanced Trade Condition

The model is solved under the assumption of financial autarky, so trade is balanced.

The net-export of the homogenous good by Home is defined as:

l1—-a P

75X —7M =Q, — —C (3.33)
@ Pz
Hence, the balanced trade condition reads as followq T}
TPyCh+pz (25 — ZY) = 7P;Cr (3.34)

Combining (3.33)) with (3.34)), (3.22) and the demand functions, we can rewrite the

balanced trade condition as follows:

*\ 1-7 U] 1-n *\ "
Qz = d-o a>£C + 7 () (PH> <£> C— 7 "t (PH> (P—) C*

p- p- p- p-
(3.35)

3.4.4 Price Indices

Using the optimal pricing rules (3.15) and (3.18) together with equations (3.17) and

(3.21) (and the corresponding one for Foreign), relative prices can be written as follows:

Hmport tariffs/subsidies are collected directly by the governments at the border so they do not
enter into this condition.
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Pu € o Py £ a1
= 1—7c)NT=Q, = 1 —715)N"T==Q7 3.36
P, £— 17( c) @y p. e— 1’)’( ) Q7 ( )

1
)" (2) ]
+ (rFr) "
( S (i (2

(3.37)

1
P 1-n P 1-n| 1-n pP*
( H) +(Tﬂ)1_"( H) ] — =
D Pz Y2

The free entry conditions for the two countries (3.25) and (3.26)), the market clearing
for the homogeneous good ([3.30]) and the balanced trade condition (3.35]) together with

the expressions for price indices just derived and (3.31)) and (3.32)) fully characterize

the equilibrium of the economy.

3.4.5 Terms of Trade

A crucial aspect in this model is the relevant definition of the terms of trade. In our
model there are two relative world market prices that are of interest for domestic policy
makers: (7P;;)/(Pg) and (7Pj;)/p. if Home is an exporter of the homogeneous good

and p, /(7 Py) if Home is an importer of the homogeneous good. Using the definition of

N ) ﬁ W*T(I—Té)

e Wi o) Hence, this relative inter-

the price indices, we can write (Ti—;}> = (
H
national price of imports of differentiated goods in terms of exports depends positively
on the relative number of varieties produced domestically and negatively on the relative
domestic wages.
To gain intuition consider two extreme cases: constant returns to scale in the pro-

duction of the homogeneous good (y = 1) and a one sector economy (o = 1).

Py N* (1-7¢)

measure of the terms of trade depends on production subsidies and on the relative

7 2 (-7 .
If v = 1 relative wages are one, so that (TPH) = (N )5‘1 T-re) Hence, this

number of domestic varieties. An increase in the relative number of varieties pro-
duced at home increases the relative price of imports of differentiated varieties, since

a larger number of domestic varieties has to be exchanged for the same number of

N1/(e—1) q

foreign varieties. The other relevant relative prices become p, /(7 Pg) = i)
e—1
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Pr/p, = T(N*)l/(l_s)ai—l(l — 74). Hence, the relative price of imports of homogeneous
goods is increasing in domestic varieties, while the relative price of exports of homoge-
neous goods is increasing in the number of Foreign varieties.

In the second extreme, if a = 1, there is only one sector, so that the number of
domestic and foreign varieties is fixed by equilibrium firm size and labor supply and
with equal country size we have N = N* = L. In this case (7P};)/(Py) = %
is the only relevant relative import price and it is affected only by changes in relative
wages.

In general, with v < 1 and a € (0,1) both margins of adjustment - change in the

relative numbers of varieties and changes in relative wages matter for the movements

in the terms of trade.

3.5 Optimal Trade Policy

In this section we study optimal trade policy both from the perspective of single country
policy makers{r_zl and from the perspective of a cooperative authority that maximizes
average welfare of the world economy. We consider two possible trade policy instruments
in turn: taxes/subsidies on the production of differentiated goods (7¢, 7)) and import
tariffs (77,77). The general set up of the two problems is specified in the next two
sub-sections. We then analyze both the cooperative solution and the non-cooperative
Nash solution for each policy instrument.

Since we want to compare our results with the existing literature, the main set of
results is derived under the assumptions of v = 1 (constant returns in the homogeneous
sector, which - together with costless trade in this sector - guarantees factor price
equalization) and n = ¢ (elasticity of substitution between the domestic and the foreign
bundle equal to the elasticity of substitution between varieties). For completeness
we compare those outcomes with the ones that would arise under the assumption of

decreasing returns in the homogeneous sector (y < 1).

12In this case we study the Nash equilibrium of the game.
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3.5.1 Cooperative Policy Problem

Policy makers in the two countries choose fiscal instruments in order to maximize joined

utility"’} taking the equilibrium conditions as a constraint:

)z 11—« P -«
max <—> C+ (—) C*
Cvo*zN7N*7Ti7T7;* pZ pZ

subject to (3.25), (3.26), (3-30)] and (3.35) and where i € {C,I} and Qz, Q} are
defined according to (3.31)) and (3.32)) and the price indices are defined as in section
B.44

For the complete derivation of the cooperative solution for the two policy instru-

ments we referee to the Appendix.

3.5.2 Non-Cooperative Policy Problem

The policy maker of Home solves the following problem:

l—«
P
max — C
C,C*,N,N*,Ti pz

subject to (3.25)), (3.26]), (3.30) and (3.35)) taking 7" as given and where i € {C, I} and
Qz, Q% are defined according to (3.31)) and (3.32)) and the price indices are defined as

in section [3.4.4] The policy maker of Foreign solves a symmetric problem. The solution
of the game is the Nash equilibrium. In order to better understand the intuition behind
the Nash equilibrium, we will also study the non-strategic behavior of the single country
policy maker i.e., we will underline the mechanisms and the incentives which induce

the policy maker to deviate from the cooperative solution.

l—a

l1—a 11—«
13Using 1) we can rewrite 1) as U(C) = (%) = (p%) C. We neglect the constant in the

maximization problem.
14Using equations (3.33) and (3.34)) it is possible to rewrite the market clearing for the homo-

x I=n /a7

geneous good (3.30) in the following way: Q% = (1;0‘)1;—0* S L (I;—H) (5 ) c* —
« \ 1=7 n

1= (r) " (};—H) (pﬂ) C. Using this expression instead of the original formulation of the ho-

mogeneous good market clearing condition makes the solution of the optimal problem simpler. We
will do the same for the single country optimal policy problem.
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3.5.3 Production Subsidies

The case of cooperation

For the time being, we restrict the available policy instruments to a subsidy/tax on the
production of the differentiated sector. Since we have two sectors - one with monopo-
listic competition and a competitive one - the monopolistic pricing decision distorts the
competitive allocation towards having too few firms in the differentiated sector. There-
fore, a the Pareto-efficient allocation chosen by a hypothetical world planner can be
implemented by using a lump sum tax financed subsidy to production of differentiated
goods.

If 7o and 7/ are the only instruments, the optimal cooperative solution is to seﬁ
o = TH = %, i.e. to completely offset the distortion coming from the presence of
monopolistic competition in the differentiated sector. Indeed, even if in a one-sector
model the presence of monopolistic competition does not introduce any inefficiency in
a model with endogenous number of varieties and fixed labor supplyiﬂ, this is no longer
true in a two-sector model. In particular, if not corrected by the production subsidy,
the price markup charged by firms in the differentiated sector leads to an equilibrium
with an inefficiently low number of varieties and an inefficiently high level of production
of the homogeneous good because the marginal rate of substitution between the two
sectors does not equal the marginal rate of transformation "]

This result remains unaffected by the assumption of decreasing returns.

15See appendix for the analytical derivation of the results discussed here and in the following sections.

16This result is proved in |Gros| (1987). The basic intuition is that firm size is optimal in the market
solution of any model with Dixit-Stiglitz utility (see Dixit and Stiglitz| (1977))) and with one sector and
homogeneous firms markups do not distort any decision of consumers because all relative goods prices
equal one, so that also the number of varieties is chosen optimally.

17The result that the market equilibrium leads to too little variety in the two sector Dixit-Stiglitz
model has been proved by Dixit and Stiglitz| (1977)). For the case of v = 1 our economy coincides with
the example in section 6 of Benassy|(1996). He shows that the unconstrained Pareto-optimal allocation
involves an equilibrium number of varieties equal to N = aL/((¢ + «— 1) F), while the market solution
is N = aL/(eF), so the market provides too little variety. Note that a lump-sum financed production
subsidy that corrects for the markup implements the first best solution.
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The case of non-cooperation

Non-strategic production subsidies To gain intuition we look at changes in domes-
tic policy, while holding foreign policy constant. We first study a unilateral deviation
from a Pareto-efficient situation, where both countries set an optimal subsidy and Home
unilaterally deviates by lowering the subsidy on production.

For our numerical example we consider the following calibration. We set ¢ = 4, a
standard value in the literature. For convenience we choose transport costs 7 = 1.7 and
an expenditure share on the differentiated sector equal to a = 0.4{15].

Looking at figure [3.6] which plots domestic and foreign variables against the level of
the domestic production subsidy, while holding the foreign subsidy at the optimal level
75 = 1/e, we see that a unilateral decrease in the domestic subsidy from the efficient
level 1/e = 0.25 initially increases domestic utility, even though it lowers domestic
consumption of differentiated goods. Hence, the optimal strategy given that the other
country chooses an efficient subsidy, is to deviate to a smaller subsidy, that causes exit
of firms in Home and entry in Foreign, reduces the domestic subsidy bill and improves
domestic terms of trade (defined here as the relative price of imports of differentiated
goods in terms of exports), while lowering the aggregate level of efficiency. There
is no overexpansion of subsidies above the efficient level and consequently no home
market effect - policy makers do not find it optimal to try to attract more firms to
their economy if the aggregate amount of firms is efficient. Instead, they improve
domestic terms of trade by reducing the number of varieties produced domestically. This
implies that given fixed relative factor prices, a smaller amount of domestic varieties can
be exchanged against the larger bundle of foreign varieties which also frees resources
to produce more of the homogeneous good - which Home now exports at improved
conditions, as the relative price of imports of the differentiated bundle in terms of
homogeneous good also falls.

When there are decreasing returns in the homogeneous sector, relative wages are no

18This calibration just exemplifies our results, which are robust for any n = ¢ > 1, 7 > 1, and
a€(0,1).



99

longer fixed but determined by the relative marginal product in the homogeneous sec-
tor. This implies that the terms of trade, defined as the world market price of imports of
differentiated goods in terms of their exports or in terms of exports of the homogeneous
good, now not only depend negatively on the (relative) number of domestic differenti-
ated varieties but also positively on the domestic relative wage. Under this scenario a
reduction of the domestic subsidy reduces domestic relative wage which works in the
direction of worsening the terms of trade. Still, the direct effects on prices through the
lower number of domestic varieties and the lower subsidy predominate leading to the
same conclusions as with constant return.

In a second scenario we consider a domestic deviation from an equilibrium where
both countries initially set zero production subsidies, to a positive domestic subsidy.
Again, figure plots a number of domestic and foreign variables as functions of the
domestic production subsidy. An increase in the domestic subsidy causes firms in the
differentiated sector to enter the domestic market and leave the foreign one - so the
subsidy to production causes agglomeration. The production in the homogeneous sector
is reduced domestically to free resources for production in the differentiated sector.
Consumption of differentiated goods at Home increases, even though the terms of trade
move against Home. Note that domestic utility is initially increasing in the subsidy and
then starts to decrease and that the level of subsidy that maximizes domestic utility,
is strictly smaller than the efficient subsidy, 1/e = 0.25. This implies that the presence
of monopolistic distortions gives an incentive to the domestic policy maker to subsidize
production of differentiated goods in order to bring consumption of differentiated goods
closer to the first best level. Since this subsidy comes at the cost of worsened terms
of trade the domestic policy maker chooses a suboptimally low subsidy level. As a
consequence, there is no home market effect in the sense that country policy makers
do not have the incentive to over-subsidize production in order to expand the domestic
number of firms by too much. Instead, policy makers trade off increased efficiency
against worsened terms of trade. This conclusion holds also for the case of decreasing

returns.
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Optimal production subsidy under non-cooperation

Having discussed the incentives of individual policy makers, we now take a look at
the strategic interaction of policy makers. For simplicity, we study exclusively sym-
metric Nash equilibria of the policy game, where domestic and foreign policy makers
simultaneously choose the optimal production subsidy. Since no analytical solutions of
the equilibrium strategies can be obtained, we rely on numerical simulations. Again,
we set a = 0.4] and we plot the Nash-equilibrium subsidy and the subsidy of the
cooperative solution against ¢ for various values of the transport cost 7. It is apparent
from figure that the subsidy in the noncooperative equilibrium is always strictly
lower than the efficient subsidy. Domestic policy makers are willing to set some pos-
itive subsidy in order to get closer to efficiency, while on the other hand they try to
obtain better terms of trade, inducing them to reduce the subsidy on production of
differentiated goods. The equilibrium outcome is a positive, but inefficiently low sub-
sidy of production. Thus, the equilibrium of the subsidy game does not feature any
home market effect, since policy makers do not over-subsidize production of differen-
tiated goods, corroborating the intuition from the non-strategic analysis. Instead, the

standard terms of trade effect prevails’

3.5.4 Tariff on Imports

In this section we assume that the only strategic policy instrument available to trade
authorities is a tariff on imports. We discuss our findings for the case of cooperation
and non-cooperation under two alternative assumptions. Under the first hypothesis the
monopolistic distortion of the differentiated sector is offset by an appropriate production
subsidy (i.e. 7¢ = 75 = 1/¢); under the second, the monopolistic distortion is not
corrected (i.e. 7¢ = 75 = 0). This distinction is key to clarify what drives the incentives

of non-coordinated governments.

19The solutions are not sensitive to the choice of .

2ONote that our interpretation differs from [Venables (1987), who shows in a non-strategic setting
that a deviation from a zero to a small positive subsidy on production is always profitable from the
viewpoint of domestic policy makers. The true reason why this is the case is the inefficiency of the
market solution and not a Home Market Effect.
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The case of cooperation

The solution of the cooperative problem with respect to the choice of the optimal

Tr = T} is given bylﬂ

147, 7! ene m—1 1 e-1 el e -1
1+Ifs e 1= 1+718718_1— :
T T TI Tc € @ T

(3.38)

When 7¢ = 78 = 1/e the cooperative solution is 77 = 77 = 1. This can be seen
also by looking at figure which plots the endogenous responses of welfare and
equilibrium variables to a simultaneous shift in home and foreign tariffs. The intuition
behind this result is pretty straightforward: when the distortions due to monopolistic
competition are removed by means of production subsidies the economy is already at
the first best allocation therefore, utility of Home and Foreign is maximized in absence
of tariffs. These results continue to hold if there are decreasing returns.

When 7« = 75 = 0 we have already seen in section that the number of
varieties produced in the economy is inefficiently low. Hence, the cooperative authority
seeks to correct this distortion by subsidizing imports. Figure plots the endogenous
responses of welfare and equilibrium variables to a simultaneous shift in home and
foreign tariffs for this case. Subsidizing imports in both countries reduces the relative
price of imported differentiated varieties (both relatively to the domestic varieties and
the homogeneous good). This will increase N and N* while reducing the demand for
the homogeneous good Z (whose production is above efficiency when 7, = 77 = 1). A
positive tariff on the contrary would bring the economy further away from the efficient
allocation. This is why household’s utility is maximized for 77 = 77 < 1. Notice
however that not surprisingly, the inefficiency due to monopolistic competition cannot
be completely offset through tariffs: welfare is lower in figure [3.6| when 7 = 0 than in

figure when 7¢ = 1/e. In order to show that the optimality of an import subsidy is

21See appendix for the derivation.
22 As for the production subsidy, all the exercises in this section are carried out under the baseline
calibration € =4, « = 0.4 and 7 = 1.7 but results are robust for any ¢ > 1, 7 > 1, and « € (0, 1).
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not limited to the specific calibration used for figure |3.6], figure reports the optimal
import subsidy for the cooperative solution against ¢ for different values of the transport
cost 7.

Note that the optimal cooperative subsidy becomes smaller and smaller the larger
decreasing returns are. The reason is that decreasing returns bring the market allocation
closer to the efficient one, because producing additional units of the homogeneous good
has every time larger opportunity costs in terms of foregone production of differentiated

goods.

The case of non-cooperation

As for production subsidies, before discussing the Nash equilibrium, we study the effects
of a unilateral change. The exercise makes clear why single country policy makers
may want to deviate from the cooperative policy. As clarified below, uncoordinated
policies aim to improve the terms of trade and not to render domestic good cheaper by

agglomerating firms in the domestic economy.

Non-strategic tariffs

Figure plots some endogenous domestic and foreign variables as function of the
home tariff under the assumption that the distortion due to monopolistic competition
is removed. Suppose that domestic authorities decides unilaterally to provide a small
subsidy to importﬂ. Such a policy improves domestic welfare at the expense of the
foreign country. A subsidy to imports renders local differentiated goods relatively more
expensive and makes households increase their demand for foreign goods. As a result
firms agglomerate in the foreign economy and domestic varieties are reduced while
foreign ones are boosted. If the number of firms diminishes, governments can cut
production subsidies and tax bills. This causes a positive wealth effect which more
than compensates that due to the subsidy to imports. Indeed, the demand of the
homogenous good rises as does its consumption. At the same time the price of the

differentiated goods augments and the terms of trade improve allowing to import more

231n a neighborhood of 7, = 77 = 1.
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goods for each unit of exports. As a consequence, domestic households can increase
also the overall consumption of the differentiated goods C, even if some of the domestic
varieties have been destroyed.

The figure also clarifies why we can interpret our results in the light of the standard
terms of trade externality. The incentives of uncoordinated authorities to deviate from
the efficient allocation are explained as the attempt to exert the monopoly power on
the production of domestic varieties. As a monopolist, these policy makers seek to
reduce home output to render local goods relatively more expensive. Hence contrary
to [Venables| (1987) and Ossa (2008), raising import tariffs would decrease domestic
welfare.

Figure depicts a domestic deviation in import tariffs for strongly decreasing
returns (v = 0.3). It is apparent that now domestic policy makers have an incentive
to set a positive tariff on imports instead of a subsidy (like with constant returns).
Nevertheless, the interpretation is still a domestic terms of trade improvement. An
increase in the production of differentiated goods at home induced by the import tariff,
reduces production of the homogeneous good and therefore increases domestic relative
wages, thus improving the terms of trade. For strongly decreasing returns this effect
dominates the negative effect on the terms of trade that works through the larger
number of domestic varieties. Overall, there is a positive wealth effect that allows to
increase the consumption of homogeneous goods which have become relative cheaper.

Figure plots the effects of a unilateral change of the domestic tariff when the
number of varieties is inefficiently low (i.e. 7¢ = 77 = 0). In this scenario a posi-
tive tariff improves domestic welfare. This outcome is in line with the analysis when
the instrument available to policy makers is a production subsidy. These results are
also consistent with Venables| (1987) and Ossal (2008) but the analysis just conducted
highlights a quite different interpretation. Uncoordinated authorities face a trade off
between correcting the monopolistic distortion and improving the terms of trade. In
equilibrium however the first incentive prevails. Indeed a tax on imports renders domes-

tic differentiated goods cheaper and pushes firms to relocate in the domestic economy.
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But differently from the case when 7o = 75 = 1/e the consumption of differentiated
goods at Home is boosted. In fact, the increase in consumption of domestic differenti-
ated varieties that have no transport cost brings prices closer to marginal cost, allows
for a more efficient use of resources and reduces the domestic dead weight loss due to
firm monopoly power. This is exactly why single country policy makers accepts the
cost of terms of trade worsening. Notice that also the consumption of the homogenous
good can augment thanks to the increase in the foreign production and the positive
wealth effect due to tariff revenue redistribution.

When there are strongly decreasing returns v = 0.3 (see figure there is still
an incentive to tax imports of differentiated goods. However, this domestic policy
deviation is not caused by the incentive to bring the consumption of differentiated
goods closer to the efficient level any more but by the fact that a tariff now leads to
a strong terms of trade improvement. Our conclusion is then that in this model the
incentive to tax imports has to be interpreted either as a ”"production efficiency effect”
or a terms of trade effect and not as the attempt to exploit the home market effect in
order to minimize transportation costs. Overall, we do not find any incentive to use
import tariffs or production subsidies to push the number of domestically produced

varieties above the efficient level. Rather the contrary.

Optimal tariffs under non-cooperation

After having clarified in the previous section the incentives that move policy makers
away from the cooperative solution, we now analyze the equilibrium outcomes of the
non-cooperative game. As for the case of the production subsidy, we restrict ourselves
to the symmetric Nash equilibria of the game. Once again, we have to rely on numerical
simulation. We calibrate a = 0.4 and then study the Nash solution for ¢ € [1,7] and
T = (1.1;1.5;1.9). We consider two cases: 7c = 75 = 1/¢ and 7¢ = 75 = 0.

Figure reports the optimal import tariff for the case where the monopolistic
distortion has been eliminated by means of the production subsidy. The first thing

to be noticed is that no Nash equilibrium exists for ¢ < 2. More importantly, for
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all other values of ¢ and for all values of 7, the Nash equilibrium entails a subsidy
to import@. When the production subsidies eliminate the monopolistic competition
distortions, single country policy makers’ choices are driven solely by the incentive to
manipulate the terms of trade in their favor. This incentive is stronger the higher
their market power i.e., the lower the elasticity of substitution between varieties ﬂ
Coherently, the lower the elasticity the more the two countries are subsidizing their
imports (77 moves closer and closer to zero).

Figure depicts the same case of figure |3.11] when there are strong decreasing
returns i.e. when v = 0.3. Consistently with the analysis on non-strategic tariffs the
policy makers are always willing to tax and not to subsidize imports. This is because
with strong decreasing returns boosting differentiated good production improves the
terms of trade through the effect on the relative wage. Obviously this incentive to
improve the terms of trade is weaker the higher is the elasticity of substitution between
home and foreign bundles.

Figure [3.13| shows the Nash solution for the case when the monopolistic distortion
has not been eliminated and there is a constant returns to scale technology in the
homogenous sector. Because of the assumption n = ¢, a higher ¢ means at the same
time lower monopolistic distortion (i.e. less inefficiency in the economy to be taken
care of ) and lower market power of each country (i.e. lower incentive to manipulate the
terms of trade). As we saw in the previous analysis, domestic policy makers are willing
to accept a worsening in the terms of trade in order to increase domestic production of
the differentiated good to move closer to the efficient level. The optimal import tariff
approaches one as the elasticity increases. Indeed, the higher the elasticity the lower
the inefficiency in the economy but also the lower the incentive to manipulate the terms

of trade. For relatively low values of ¢ instead the trade off faced by the policy maker

24For relatively high values of transport costs there are multiple equilibria but all of them imply
T < 1.

%Recall that for the moment we are following the practice common in the related literature of
assuming n = €. The elasticity which is relevant for the term of trade externality is 1. Considering
different values for the two elasticities would allow us to disentangle the inefficiency due to monopolistic
competition from the incentives to manipulate the terms of trade.
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becomes stronger. On the one hand, the lower the elasticity the higher the distortion
due to monopolistic competition and the stronger the incentive to impose a positive
import tariff to increase the number of domestic varieties towards efficiency. On the
other hand, lower elasticity gives higher market power to each country therefore making
a stronger case for trying to improve the terms of trade in their favor by means of an
import subsidy. While the incentive to correct for the monopolistic distortion prevails
for values of € above 1.5, the terms of trade incentive kicks in strongly for low values
of the elasticity, thus the hump shaped form of the optimal import tariff. The above

findings still hold if there are strong decreasing returns as made clear by the figure|3.14

The wealth effect

As emphasized in the introduction, the redistribution of tariff revenues is key to explain
the difference between our results and those of the previous literature. Neglecting
this redistribution means neglecting wealth effects that are crucial for the open policy

makers’ optimal decisions. To see why consider that in our model’%}
Z=(1-am

, namely the expenditure for the homogenous good is a constant share of consumers’
wealth m. If, as in Venables| (1987)) and |Ossa (2008)), tariffs are pure waste (i.e m = wL)
in equilibrium Z = (1 — «)L. This outcome follows directly from the assumptions that
preferences are Cobb-Douglas, there is free trade and the homogenous sector is perfectly
competitive with a constant return to scale technologyﬂ. Intuitively, the substitution
and the income effects due to a change in the relative price always compensate ex-
actly. Then the equilibrium level of the homogenous good is exogenously determined
and independent of trade policies. In this set up single country policy makers will find

it optimal to tax imports as much as possiblelf[ A positive tariff shifts local demand

26For the sake of simplicity in this paragraph we set p, = 1.

2"These last assumptions imply w = p, = 1.

28In other words an unilateral increase of import tariffs increases always domestic welfare. See |Ossa
(2008)).
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towards home produced goods and induces firms of the differentiated sector to agglom-
erate in the domestic economy. This relocation benefits home consumers. Indeed the
higher is the number of varieties locally produced, the lower are transport costs and the
price of the differentiated goods and the more households can buy of them. At the same
time, even if the homogeneous good becomes relatively more expensive, in equilibrium
it is always consumed in the same amount exactly because labor income is fixed and
tariffs are a pure waste.

However, once tariff revenues are redistributed, uncoordinated policy maker’s op-
timal behavior is driven by the incentive to improve the terms of trade. In order to
clarify our argument we analyzed two cases: 1) the lump sum transfers rebated to con-
sumers consist of just the tariffs on imports of differentiated goods (i.e m = L+7T, and
Z =(1—a)(L+1T;)); 2) these transfers include the tariffs on imports and the taxes
collected by governments to finance the correction of the monopolistic distortion in the
differentiated sector (i.e m = L+7T,, —T;. and Z = (1—a)(L+71;,—T;.)). In both these
cases the demand of the homogenous good is not invariant to policy decisions. Still,
in response to a change in the relative price (and in tariffs) income and substitution
effects cancel out. Nevertheless in equilibrium the demand of the homogenous goods is
shifted by the wealth effect due to the transfers. Which impact a tariff produces on the
homogenous good then depends on the sign of this wealth effect.

Tariff revenue is hump shaped because of the Laffer curve argument. Hence, when
there are no taxes to subsidize production, the optimal tariff is positive but finitd®’}
Increasing a tariff always boosts consumption of differentiated goods. But a too high
tariff reduces that of the homogenous good because it decreases tariff revenues and
thus consumers’ income (i.e. the wealth effect becomes negative). Then raising tariffs
unilaterally generates a tradeoff for single country trade authorities: in order to consume
more differentiated goods, domestic households have to consume less of the homogenous
good.

When governments tax consumers to eliminate the monopolistic distortion, the

290ssal (2008) in the appendix.
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wealth effect on the demand of the homogenous good associated with a tariff is negative
even for low values of 7; (more precisely in sufficiently small neighborhood of 7, = 1).
Indeed, such kind of policy augments the production of the differentiated goods increas-
ing then the taxes paid by consumers to finance production subsidies. This effect more
than compensates that on tariff revenues. As a result, transfers decrease thereby reduc-
ing total household income. Thus, in equilibrium domestic demand for the homogenous

good is reduced too and the domestic policy maker faces a trade off between increasing

C and reducing 2%

3.6 Conclusion

In a two sector variant of the [Krugman| (1980) model of the intra-industry trade we
study optimal trade policy of uncoordinated and coordinated authorities for different
policy instruments: a production subsidy and a tariff on imports. According to all
our findings, in this type of framework uncoordinated policy makers’ behavior is ex-
plained by two opposite incentives: the willingness to exploit their monopoly power to
improve the terms of trade (the standard terms of trade externality) and the need of
correcting the distortion due to monopolistic competition (known as production effi-
ciency effect). This result is clearly in contrast with some contributions of the trade
literature (see in particular [Venables| (1987), |Ossal (2008) and [Helpman and Krugman
(1989)) which, within the same type of set up have claimed that single country policies
aim at inefficiently agglomerating firms in the domestic economy, in order to minimize
transportation costs (the so called home market effect). What explains the difference

between our conclusions and those of the existing analysis is the following. On the one

390ne may wonder if these findings hold even with a more general utility function. |Venables| (1987)
for instance considers the class of weakly separable preferences. Within this class our results would
not change as long as the homogenous and the differentiated goods are gross-substitutes. In that
case the Walrasian demand of the homogenous good Z (Pg,m) is such that %Fc’m) > 0. Hence
under this assumption a policy that renders the differentiated goods cheaper and reduces the demand
for the homogenous good, would shrink that demand even more than when preferences are Cobb-
Douglas. Notice that both quasi-linear and CES utility functions may satisfy the property of gross
substitutability. In particular for CES it is sufficient that the elasticity between Z and C' is greater
than 1.
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hand, we relax one simplifying assumption common to the literature, which is to model
tariffs as a pure waste. Neglecting the redistribution of tariff revenues implies elimi-
nating wealth effects that are key for optimal policy choices. On the other hand, we
show that in this kind of framework the equilibrium allocation is not Pareto-efficient.
Indeed, given that there are two sectors and endogenous firm entry, the production
of differentiated goods is not fixed by labor supply and a proper production subsidy
improves consumers’ welfare.

Overlooking these features of the model is what has led to a misinterpretation
of the underlying mechanism driving uncoordinated policy decisions. In fact, once
the monopolistic distortion is offset by an appropriate subsidy and tariff revenues are
redistributed, it is clear that single country policy makers’ behavior can be explained
only in the light of the standard terms of trade externality: they find it optimal to
subsidize imports(!); they want to induce firm exit from the domestic market in order
to render domestic goods more expensive than foreign ones. Conversely, if there are
no production subsidies, we do find - like Venables (1987) and |Ossal (2008) - that a
positive tariff is optimal from the uncoordinated authority viewpoint. However, this
result should not be interpreted as an attempt to induce firms to relocate in the domestic
economy in order to render differentiated goods cheaper, but as a way to push the

economy towards a more efficient use of resources.
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Figure 3.8: Effects of an unilateral shift of the domestic tariff when 7o = 755 = 1/¢ and
v =0.3.
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A Appendix to chapter 1
A.1 Proof of proposition 1

First part of the proof. If v = o for all t then it can be shown that §™* = & = g/

m; = 0 satisfies the average of conditions ((1.87)-(1.86). Then §; = ¢ = y; which implies
that g, = ¢/ =g, = 0.
The second part of the proof can be obtained by contradiction. If 7} = 0 for all

t, then by (1.94) and (1.93) ¢ = g which implies that & = g;. However ¢ = g;
is consistent with the average of conditions (1.87))-(1.86) only if only if v = ¢ which

contradicts our initial hypothesis.

A.2 The zero inflation deterministic steady
states

A.2.1 The policy problem under coordination

Under coordination, the policy maker maximizes the following lagragian with respect

to Cf, G}, Y7, Yﬁyt, Z!, K}, F} and Hi}{’t for all ¢ and ¢:

) 1 i1—o i1—y i rziN P
Cy G 1 Yy 24
L= 'E / { bt - .
;ﬁ Sy 1= X1y T o1\ A
B P'L -n Pl -n
AT | Y - (Pé ) ((1 —a)C} +aC" YT+ (1 —v) (Pz’t) Gi+ uCi;’"Tg,;’")]
)t )t

pi -n PZ -
+A50 | Vige = ( Jf) ((1 — )Y+ ( = > C’?”Té}”")]
t Cit

yi o\ ¢
A | K M) 79— ) (1 i) — e QT FK
TA3, t —\ i (1 —=7)( +Nt)€_—1 — A3p—1Vllgy Ny

ic i i i, i (1)
+)‘4,t Ft - YH,tO t - /\43719HH¢ Ft
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1— eHiHj‘1> =

AL Ff—KZ( -

XS | Z]— 0z 1T, — (1—0) (

1010\
16

i,c Ci\ T (G * Pét Py i PIi{tfl P}
+A7y (Cit ) ( Ct«*l) Iy — Pi’ Pit I P’? Pz't :
t—1 t t THt t—1 Lot—1

i
where P}/ P}, P4,/ Pt,, Py, /P, Cf, Ty, Tay and Ty, are determined according
(1.35), (1.36]), (1.37), (1.33) and (1.46) and Z_; = 1. According to the first order

conditions evaluated at the zero inflation symmetric non-stochastic steady state:
C7 =X = \oY(C 7!
XG =X
AT = A5
VP =S — (g + 1)YP(1 - 7)(1 + u)g_il Y ont
YO = MY 4 (1 — 6)
A5(1—0) = Ag
A(1—0) ==X

NjfeK = —X50(s — 1)F + Ag%z{

If (1—7) = (1/(1+pu))(e—1)/d this system of equations jointly with (T.38), (L.44),
(L1.45), (1.52), (1.53)), (1.55), and (1.56|) can be satisfied by the following solution:

Co=Y*

xGTT=Y?%

Namely if even 7 is chosen optimally in such a way A3 = —A\g = 0
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Y=C+C

YyOo-o  yet! e
i g S U D

Yp=Y Illg=1 Z=1

F=K=—

X y®
M =Y2 =X N=-MN=775=0 XN=

A.2.2 The fiscal policy problem under no-coordination

The fiscal policy makers maximize the following lagrangian with respect to C;, Gy, Y,

YH,t7 Zt7 Kt7 E and HH,t :

> cle Gy 1 (Y, Z\*
L:ZﬁtEo{lt_ + x— ( i t)
t=0

+A],
+AL,
AL
+ALe
+AL,
+AL,

+AL,

o 1—7_<p—|—1 Ay

i -n P -n
Y, — | =- (1—a)C+aCl" 5"+ (1 —v) (=22 ) G +vCo L
PC,t ’ P, ’

Gt

PHt - Pt - on~rl—on
Y, — | —~ 1=+ | 5— Cy' Ty,
i P, PC,t ’

Yire \ 7
K, — 1HL ZE(1—7)(1 + ) - )‘?]:,t—lenii,th
A, e—1
[ = PHt:| f (e-1)
F,— Yy, O =L 22000 A 01T F
) 1O, Pos P, 1tV T

N
1—omg )\
F, = K, (Tf)

_ 1— 015\ =
Zy=0Z 4y, — (1-0) | ———=—

C\ T [/CEN\T? Po, P, Py Py
H*_ ) H El
() (&) m- o

where P,/Pcy, Poi/Por and Pg,./P, are determined according (1.35), (1.36]) and
(1.37) and C}, Yoy, Yo and Ty, are taken as given. According to first order conditions
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evaluated at the zero inflation symmetric non-stochastic steady state:

L)+ (L= )b~ MYCICT 4 (v 1]+ Ml (- 1)

-0 __ f
RO

XGTT =M

M =X(1-v)

Yo =M - Me+1)Y?1 -+ u)g% — Ao
YVert = Moy et 4 A1 - 6)

M1 —60) =)\

M6 ==\

MOeK = —Mo(e —1)F + Ag%f( Y

If(1—7)=((1/A4p)(e—1)/e) A=) [6 + 0:& + 53%}this system of equations
jointly with (1.38]), (1.44), (1.45), (1.52)), (1.53)), (1.55)), and (1.56)) can be satisfied by

the following solution:

G Y
C~ = (1) {51 o+ 535} y¥

XGT7=(1-¢)1=-v)Y?

Y=C+C(
yCc— yef! €
F=K= 0 —1_9(1—1—#)(1—7')6_1

Yo=Y Ily=1 Z=1
A
1—0

Ygo+1
=0 Ag:l—@

M=@a-9)Yy?® M=v? MN=-\= M =0

A.2.3 The monetary policy problem under no-coordination

The monetary policy maker maximizes with respect to Cf, Y{, Yy, Zi, K{, F} and

H}Lt for all © and ¢ the following lagragian:

2Namely if even 7 is chosen to maximize the objective of the fiscal policy maker ensuring /\g =0.
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) 1 i1—o i1— i iy Pl
Cy G, 1 Yy 2
L= tE/{ byt ( -
;B Sy T Ty T ot U A

. -n . -n
v . pi . —— P . ——
AT Y - [ S (1-a)C;+aC" e+ (1 —v) )Gl vCIT
i PC,t PG,t

Pi -n PZ -n
AL Vg - (Pi) ((1 — V)Y + ( o ) cf”ﬁ;“”)]
t Cit

Yi p+1
A | g M) 7901 ) (1 i) — Ao 9T, FK
TA3; t — \ —ai P (1—=7)( +Nt)6T1 — A3p—1Vllgy By

i,m i i O P} Py, i,m i (E=1)
+A0 | By =Y, 0 Pit | Mg 1011, T
or 1

_1
I N A 1 e
+>\5’,t Ftl - KtZ Té

1- 01, \
190

N | Z) -0z 1T, — (1—0) <

. Cz -0 C* -0 Pz Pz ] Pz 3 Pz
+)\z7,r£z ( it > < t;l) I — Cfft it I, Hit 1 z’t_l
' Ciy Cy B Py, 7 Py Phya

ji
where P//Pl,, P4,/Pt,, Pi,/ P, Cf, Yoy, Tap and Ty, are determined according
(1.35), (1.36), (1.37), (1.33)) and (1.46) G: is taken as given for all 7 and t and Z_; = 1.

According to the first order conditions evaluated at the zero inflation symmetric non-

stochastic steady state:
C7=\"=\oY(O ot
AT = AT
€
Y= = Ao+ D)Y?(1—7)(1 + 'u){;‘——l —\NjC°
Y = AP YT 4 (1 - 0)

AT(1—0) = A"
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AT(1— ) = -\

0

It easy to show that if (1—7) = ((1/(14 p))(e —1)/e)(1 =) [01 + 62S + d5%] this
system of equations jointly with (1.38]), (1.44)), (1.45), (1.52), (1.53)), (L.55]), and (1.56])

can be satisfied by the following solution:

G Y
-0 _ . e I ©
C (1—1) {61+520+530}Y
Y=C+G
Y(C—° Ytp-l—l
F=K= T2 —1_9(1+M)(1—7)5_1

Yp=Y Ilpy=1 Z=1

C C
Am =Y {?&Ma]/[?gwa} A= AT

m —1 YEHI(1— AP
Ap=—ap =28 _C0 >/{gg0+a} ap= L)y

T1-0 Y & Y 1—60

A.3 A purely quadratic approximation to
policy makers’ objectives

In order to recover the optimal policies we need to approximate up to the second order
single country representative agent utility given by (1.1)) in the following way.

First we can approximate the utility derived from private consumption as:
Lo

A U - ~ )
+ Cl_g<ct + §Ct) - 501 003 +t.up. (A1)

Ctl—o' leo

l—0c 1—0

where ¢ stands for the log-deviations of private consumption from the steady statd]

3From now this convention will be used: &; represents the log-deviation of X; from the steady state.
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Similarly the utility derived from the consumption of public goods can be approxi-

mated: )
G, Gt 1 y
~ GG+ 28 — 262 + tip, A2
T vy (9 +597) = 5G77g; +tap (A.2)

The labor disutility can be approximated by taking into account that N, = YHA’—’;Zt and,

as showed by (Gali and Monacelli| (2009)), being Z; = fol (%) dk:

. €

3 o~ §Vark(pH7t(k:)) (A.3)
In words the approximation of Z; around the symmetric steady state is purely quadratic.

Moreover following Woodford (2001, NBER WP8071) it is possible to show that Y 3'Vary(pu.(k)) =
=0

%Zﬁtwﬁt with A = —(1_9)(91_69). Thus:
=0

1 (Yz\*! 1 . 1. £ @ .
~ Y<p+1 Ygo+1 2 Y«p+1_ 2 _Y4p+1 2
gp _|_ 1 ( At ) 80 + 1 + (yH,t + 2yH,t) + 2)\ (ﬂ-Hyt) + 2 yH,t

—(p+ )Y Gy a; + ti.p. (A.4)

A.3.1 The welfare approximation under coordination

Under coordination, at the steady state, the fiscal authority chooses to produce the
efficient level of public goods. Therefore C~7 = yG™7 = Y¥ which implies that the

second order approximation of the average union welfare can be rewritten as:

00 1
. 1 ., . ., )
ZﬁtYerEo/ [éi Zs — ééi Lss8; + 8, Zs o0y | + tap. (A.5)
t=0 0
where
§:ﬁ = [g}{,t) gza éév W}I,t} Z; = [_17 Py (1 - p)’ O]
(p+1) 0 0 0
S | 0 G=na-p 0 0
58 0 0 (c—1)p 0
0 0 0 §
(1+¢)
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Again it is possible to substitute the linear quadratic terms of ((A.1]) by using the second

order approximation of the resource constraints namely:

L 1 [t Lo 1/t : 1 [t L
og—/ ggdz’——/ gg2di+/ sidi' hs+—/ g HSS§;d¢+—/ g;dz"HSS/ §idi + t.i.p(A.6)
0 2 0 0 2 0 7 2 0 ’ 0
Lo L 1 [t 1 [t . 1 [t Lo L .
0~ [ $idi ps+ [ Gidi+= | 92di+ = | & P.gSidi+~ | §idiPss | Sidi+ | §.P,5.di
0 0 2 0 2 0 7 2 0 ’ 0 0 ’
+/ g;dipyvs/ s,di +t.i.p. (A7)
0 0
where

h; = [07 (1 _p)7 Ps 0]

[0 0 0 0
g o =19 (1—p) v(l—v)1—=p) O
PTH0 vl-v)(1-p) ptwiptwr(l—p) O
0 0 0 0
[0 0 0 0
Hew= 0 0 —&v(l—v)(1—=p) 0
PO —v(l-v)(1—p) —wip—w(l—p) 0
0 0 0 0
p,=[-1, 0, 0, 0] Py,=[0 0 & 0] Prs=[0 0 =& 0 ]
~10 0 0 00 0 0
1o 0 o0 o0 00 0 0
Bs=1 0 o wy 0 Pss=1¢ o —wsy 0
0 0 0 0 00 0 0
where
_ no
5_1—04
anoc (c—(1—a)a (1 —no))
W1 = 2
(1-a)
u)_771/0((V—l)Jr(U—l)—(l—%?)(1—1/)1/0—61(1/—2)(1+(1—77)0)—(1—?7)0V)
2= 2
(1—-a)
w:_(naw((l—a—&(l—n)a)(1—w)(Q—w)—0(1+n(1—¢)w)))
t (1-a)*(1—v)



Given (A.22)) and (A.23)) it is easy to show that:

L 1 [, 4 1 [t L
0 :/ §§di’ s + —/ 8y Ry s8;di + —/ §,§di’R55/ §;di 4 t.1.p. (A.8)
0 2 Jo ’ 2 Jo ~Jo
where
Ts = Ps + hs Rs,s = S,8 + Hs,s + hyPy,s + Pg:,sh;
RS,S = PS,S —+ HS,S + hyPyﬁ + P,;,shg/ + hsPY,S + P)//,Shg
(A.9)
and
h;/ = [07 (1 - V)<1 - P), 5lp+ 52(1 - p)a O] h/Y = [07 y(l - p)ap - 51p - 52(1 - :0)7 O]
where ¢; = {(¢ +v) ¢ = pwi + (1 — p)wz + w3 + 2§h(pd1 + (1 — p)d2)
Given that
Zs =T (A.10)

under coordination, the second order approximation to the average union welfare

can be rewritten as:

125

= 1 [t . 1 [t 1 1 ‘ 1 L
WHZ@tEO[—§ /0 5 Qs — 5 /0 Sdi's s /0 sidi+ /0 0, aidi + /0 §di'Qs /0 a;d@}

t=0

+t.2.p.
where

Qs,s = Zs,s + Rs,s QS,S = RS,S

Qs,a = Zs,a

(A.11)
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are equal to:

o 0 0 0
0 |0 Al=p  {A=pl=v)a 0
> 0 (1-=p)(1—-v)g op+ s 0

0 0 0 £

0 —(1-p(A—=v)s 0O

Qss=| —(1=p)(1-v)a —G3 0
0 0 0

A.3.2 The welfare approximation to the objective of the fiscal
authority

By combining (A.1)),(A.2) and (A.4) and considering that at the steady state C~7 =
(1 —¢)dY¥and xG™7 = (1 — ¢)(1 — v)Y¥ the second order approximation of single

country representative agent welfare can be written in matrix notation as:
oo
ty p+1 Al 1 Al A N ~ .
Zﬁ YT Ey | Sjws — EStWS,SSt + §Ws | +ti.fp. (A.12)
t=0
where

§;f = [QH,I?? f]t, ét? WH,t] Wy = [_17 (1 - w)<1 - I/)(l - p)? (1 - 7/’)5% O] é; = [Z);:, g;tk? é;fka at]

(o+1) 0 0 0
N R R U N B
58 0 0 (c—1)(1—=1)ép 0
0 0 0 £
000 (1+¢)
Wee= |0 0 0 0
000 0

and with g = fol gldj, g = fol Gldj and & = fol ¢dj. This approximation can be
written in purely quadratic way by using the second order approximation of the single

country market clearing conditions ([1.44) and (1.45). In particular notice that the

second order approximation of these constraints can be read as:
0 [—ge — 202+ 8, fs — €, fe + L8,F, 8, — §\F ce;] + s.o.tii.fop. (A.13)

o A1 N 1,2 127 o o7 5 45 - - A :
0~ [Stbs — Cile + Yiby + 5Ui by + 581555t — Spls ey + Uely s8¢ — ytly@et} + s.o.t.i.f.p.

(A.14)
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where
fo=10, A =v)(1—=p), 1p+6a(1— p), 0] fo =10, =v(1=p), —p+ (61p+ 02(1 = p)), 0]
0 0 0 0
ro=| 0 A=»-=p) Ev(l —v)(1-p) 0
0 wA=v)I=p) dipth(l—p)twiptw(l—p) O
0 0 0 0
0 0 0 0
Fo= 0 0 Ev(l—v)(1—p) 0
0 vl —p) wiptw(l—p)+Ev2—v)(1—p) O
0 0 0 0
L, =[—1, 0, (1—1)ds, 0] v, = [, 0, (1 —1)ds, 0] by = [(1— )]
~1 0 0 0 0 0 0 0
;| oo 0 0 ;o 0 0 0 0
=10 0 (1—¢)d5+ws 0 T 1y 0w+ EY 0
0 0 0 0 0 0 0 0

Is=[0 0 & 0] Le=[0 0 & 0]
Given , an be rewritten as:
028, (s + (L= ¥)fy) = &(ee + (1 =) fe) + —st( s+ (V=) Fos+ fulys+ 1 f0) &

—8 Lo + (L =) Fye+ filye + folys) é + s.oti.fp. (A.15)
Again thanks to conditions (|1.74)), (1.75) and ([1.76]) it follows that:
ws = ts + (1 =) fs (A.16)

Therefore by using (A.15]), (A.12]) can be approximated as:
- 1, :
y¢+1z/gtE0 [ — §sth,sst + Sthﬁet] +ta.f.p. (A.17)
=0

which is purely quadratic and where Q, s = Wy s+ I s+ (1 — ) Fs s+ foly s + [;ysfg and
Qe =Wse+ e+ (1 —)Fse + folye + fel, s are respectively equal to:

0 0
Y1 =p)1-v)1—¢) 1-p)A-v)(a—Evy)
1L—p)(1=v)(q — &) (1 —=vY)pad + <

0 0

: (A.18)

oo OoOf
>l O O O
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0 0 0

0 0 (1=p) (1 =v)(a — &)
—(1=9)ds —(L=p) (L =)o+ (1 =p)(1=v)(a—E&vy) (1=9)((1—p)ds+d3) +

0 0 0

with § = 61 + 20 + 165, 0 = W+ ¥) @ = (1 — ¥)(wip + wa(l — p)) + ws +
280(pdy + (1 — p)d2).

A.3.3 The welfare approximation to the objective of the mon-
etary authority

The central bank of the monetary union maximizes:

T i1— o+l
7 (2 7
Cy G} _ N{

+ di 0< <1 A .20
S el K B (A.20)

o0 1

> oE |

t=0 0

By combining (A.1]) and (A.4) and given that C~7 = (1 — ¢)dY?, the second order
approximation of (|A.20]) can be written as:

l1—0

00 1 . 1~ N n .
> BYHHE, / [z; wy = Sl Wiy + 1, mua;} di + t.i.m.p. (A.21)
t=0 0
where
Zf = [Q}I,t’ éiv ﬁjﬁl,t} ﬁil = [gz’ aivﬂﬂ w; = [_17 (1 _¢)5p’ 0]
(p+1) 0 0 0 (¢+1) 0
Wi = 0 (c—1)(1—1)op 0 Wi,.=10 0 0
0 0 5 0 0 0

and t.i.m.p. stands for terms independent of monetary policy inclusive of the gov-

ernment expenditure. In order to express that approximation in a purely quadratic

way, it is necessary to recover the second order approximations of (|1.44)), (1.45)), (1.55)),

oo o+

(A.19
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(1.50) and (1.51]). By integrating the first two approximation we obtain:

1 1 1 1 1. 1 7. 1
0~ — / gidi — 5 / 9i2di + / lidi' f, — / wdi' fu+ 5 / I Fualidi+ 5 / lidj'Fr, / lidi
0 0 0 0 0 0 0

1 1 1
- / VEbidi — / ['diFyy / tidi + s.o.t.i.m.p. (A.22)
0 0 0
1 1 1 1. . 1 /1. 1 1
0~ / lidi" 1 + / gydi + = / 9i2di + = / L glidi + = / Lidi'I / lidi + / Gi 1, di
0 0 2 Jo 2 Jo 2 Jo 0 0
1 . 1 AL
+/ gjidily,L/ lidi + s.o.t.i.m.p. (A.23)
0 0
where
fl,E [Oa Ps O] f;E [_(1_p)a 070]
0 0 0 ] 0 00
Fu=10 ptwptw(l—p) 0 Fa,=| vl -v)(1-p) 00
0 0 0 | 0 00
0 0 0] 0 00
Fro=|10 —wp—wi(l—p) 0 Frov=| &l —-v)(1—p) 00
0 0 0 0 00
4 =[-1, 0, 0] Iy=[0 & 0] Iyp=[0 =& 0]
-1 0 O 0 0 O
[u = 0 w3 0 IL,L = 0 —Ws3 0
0O 0 0 0o 0 O

Given (A.22)) and (A.23)) it is easy to show that:

L L 1 (Y, . 1 [t L
0~ / ldel T — / ftidll Ty T+ —/ li Rl ll;dl + —/ lidl’RL L/ l:dl
0 0 2 0 ’ 2 0 ’ 0

- /1 I Ry uidi — /1 I'diRy /1 udi + s.0.t.i.m.p. (A.24)
0 0 0
where
r=u+fi T = fu
Ry=Iy+Fyu+fl.+1,f, Rip= Inp+Foo+ fylyy+ I fy + filvie + Iy o fy

Rin=F.+1,f, Rry=Fru+ faly+ 1y, f, (A.25)
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and

fg; = [0, dip+d2(1 —p), O] fll/ =[0, p—3dip—d2(1 — p), O]

fo=[-(1=v)(1=p), 0 fo=[-v(1—p), 0]

By combining the second order approximation of the (1.55)), (1.52) and (1.53)) as in
Benigno and Woodford, (2005)), we obtain the following condition:

Vo = 1_9(1—ﬂ0)iﬁtE[/liid“ —/1”" +1/1ﬁ’v Z@'d'+1/lﬁd"v /11%1'
0o = 0 OOtZUl OUtUuQOtl,thQOtlL,LOtZ

t=0
L '
—/ ly W,uﬁ;di] + s.o.t.i.m.p. (A.26)
0
where
v = [, o, 0] v, =0, (p+1), —1]
o(p+2) Wy 0 0 (p+1)2 —(p+1)
Vi = Wy —wi4ws; 0 Vie=1]0 0 0
e(p+1)
0 0 “’T 0 0 0
0 0 — W4 0
Vi = | 0—ws —o?+wl—ws 0
0 0 0
with

o (“1+(1-no(l+a(d—-y)+a(l-¢)+(1—-0)V)
(1—a)*(1-v)°
ac(l—a(l-=0o)—(1-n) o)
" (- af

= o L (1=0)(1 - 59)

(I1-a)(1-v) 0
Conditions (|A.24]) and (A.26)) allow to substitute the linear term of the union welfare

Wy = —

approximation with purely quadratic terms. In fact given these conditions:

> Lo 1 b, N o
0 = Yo g R [ Rt G+ g [ E R QY- [ (G R+ Gl
P 0 0 0

1 (. L L L
+§/ l,di' (G RLL + CQVL,L)/ lidi —/ lidi,(glRL,U)/ ﬁidz] + t.i.m.p. (A.27)
0 0 0 0
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where (; = % and (, = %. It is easy to show that:
wp = G171+ Guy (A.28)

Hence we can write the second order approximation of union welfare as:

- 1 . L
Y@+126tEO|: 2 / ll Ql ll dZ / l dZ QLL/ l dZ +/ l Qlu d’l —|—/ lzdiIQLU/ fbidli|
0

t=0

+t.i.m.p. (A.29)
where

Q=W+ QR+ GV Qrr =GR +GVir

Wy =W+ QR+ GV Qrv=GRLy (A.30)

are equal to:

(3 Cowy 0
Qu=| Gus 0o —1)1=Y)p+Clp+es)+ Clws —wi) 0
0 0 ey
0 Ca(0 — wy) 0
Qrr=| Glo—ws) —Cs3—G(0*+ws —wi) 0
0 0 0
0 (e+1)G —(p+1)¢ 0 00
Qo= | —G1=v)(1-p)a 0 0 Q=] Gl-=v)(1=p)a 0 0
0 0 0 0 00

with (3 =14 (¢ + 1)( and ¢3 = pwi + (1 — p)ws + w3 + 28 (pd1 + (1 — p)da).
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B Appendix to chapter 2

B.1 Retrieving condition (2.26

Given the definitions of Pj;, and Py, it is easy to show that:

_1 « -~ I
EimiPr, = [ Py 7"+ (1— ) Pry "™ EirtPry = [y Pry ™"+ (1— ) Py "™

(B.1)
By (B.1):
Eirrt Py P\ EriPhy P\
3 L 1_ ) ) LA 1_ 7
P D (PH,t) Pry |t mow) <PF,t)
(B.2)

which jointly with (2.25)) leads to:

(&) _ ay <§§i> + (1 — o) ©.3
(

C* P\
) e G e

Moreover thanks to ([2.6)):

2 1 —a, (P T (11— Pe \'7"| T 1
o | oo (P () Py iehﬁ (B.4)
PCi,t as O{S PCi,t as PCi,t 2

which can be read as:

(1-n) N —o(1— (1-m) v N —o(1—
Pip |1 _ow—oas Py Chre\ 7" (=) [ Pre Che) 70"
Pciﬂg g g gi,HP[;t CZ Qg gz’,FPEt Cg

Finally by using (B.2) and (B.3]) we can rewrite (B.4)) as (2.26)

B.2 Zero Inflation Deterministic Steady State

In this section we show that, given appropriate initial conditions, under both regimes,

A and B, at the deterministic steady state, zero inflation is a Nash equilibrium policy.
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In the regime A the timelessly optimal policy problem of a monetary authority
of country ¢ in the area H can be formulated as the maximization of the following
Lagragian:

' e’} Cilfa 1 YZZZ p+1
Ii— tE{ t _ t “t
S on{i - (Y

t=0

s | v P - i i i
+<1:t Y, — (P ’vt ) (asct + (ap — ) Cy WCH,t + (1 — )y nCF,t)
Cit

8,1 ) t ) 7 )
+Co [ K — < 4¢> Z;"(1 Nt)(l_T)g_
t

1] = G 0T G

- Yarmd Pl EX e— ;
+C§Z Etl - Y;Zczt : - Cg}—leﬂz('t UF?
1 Peiy ’ ’
r 1
N A
+C | B — K 19

s, i i e 1 - 01_[?;1 o
+Cst | Z; — 02 115, — (1 —0) 19

with respect to C}, Y/, Z}, K}, F} and II;; and where P,;/Pci; are determined
consistently with (2.26]), while Cir» Cry, Cry and Cry are taken as given. Assume that
pi=p, Al = A, 77 =71 and Z] =TI;, = 1 for all j € [0,1] and ¢. Assume in addition
that Z*, = 1. Recalling that 7 =1— (1 —7)(1 + u)e(% it can be shown that according

to the first order conditions at the symmetric deterministic steady state:

C™7 = (70 — GGor, Y C 7 (B.6)
Vo=G-Gle+DYP(1—7) -G (B.7)
Ve = —Govet 4+ (5(1 - 0) (B.8)
G —-0)=¢ (B.9)
G —0)=-¢ (B.10)
GGOeK = —(30(e — 1)F + CELK (B.11)

1—-0
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with 0s = as(1 — on) + vsno. Then

1

=(1—7) 7%

YC—o Y1 —7)
1—-60 1—6

p=IIrp=1 Z=1

T QX
Il

Y
K —

Cs _ ’)/SU+ (1 B %()0)
L

oS o 6-U-Te o, Y- ¢G)
216 5 (6sp +vs0) (1 —7)  °° 1-6

is a steady state symmetric solution of the optimal policy problem just statedﬂ.

Consider now the monetary union in the area . Suppose that for all i € [0%)
[T =1 at all timesﬂ Then we want to show that given other policymakers strategy,
IT; = 1 for all i € [%,1] and t is optimal.

If for all ¢ € [03) II} = 1 at all times, the optimal policy problem of the monetary

authority in the area F' can be written as maximizing:

00 1 Cil—a 1 YZZZ p+1
_ t t . t “t
L= |5 o (U
t=0 2 ® ¢

’ 2

byi | AN ® €
N 7 t ) ) 7 € )
+Goy | K — (_> Z& T+ p) (=7 )g ] 2t 1‘9Hth

. o P 8
G | R YOS } GV F
L Clvt
. A
+C4:t F — K, 1-0

In other words, given a zero inflation policy of the other central banks, zero inflation is a best
response of the central bank of the country 1.
2We follow closely Benigno and Benignol (2006).

3_.which implies that F} = F, K} = 11?1 =1foralliand?

' r ' R —n ' . —0 ‘o —0o
t 0

)
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b,i i i e 1 - GHZI )
+Csp |21 —0Z; 115, — (1 —0) -0

b Chy ) PFt Pp,_ L1 ( C! )J Py PCi’t_ll_[fl di
o C;;,tfl PFt Py it Ci Pci P vt

% : i ‘P”L o ] 1 14 o
+/ {C?’i YJ—( ’t) <a502+2(ab $)C; ”/ I+ 2(1 — ap)C "/ i Mg )]
0 ' Peiy

. e (YA Py
1+ ) (1 — —L YO di
<< ra-n—= () ) ey | di

with respect to Cf, Y} for all i and Z;, K}, F} and II;; all i € [%,1] and where P,/ Pci,
and Pr,/Pr, are determined consistently with (2.26) , (2.27), (B.2) and (B.3). Assume

by
+Cs,§

that i = p, Al = A, 77 = 7 and Z/ =TI;, = 1 for all j € [0, 1] and t. Moreover assume
that 2, =1 for all ¢ € [1,1] Given that 7 =1 — (1 — 7)(1 + p) 2= (E . Then according

to the first order conditions at the symmetric deterministic steady state:

R Ci’5b + Cé’(l — &) — Cga%YC’_U_I — Cga(l — %)YC'_U_1 (B.12)

Y= - Glp+)Y?(1-7) - GO (B.13)
Yol = —oy et 4+ ¢¢(1-0) (B.14)
G —-0) = (B.15)
G(1—0)=-¢ (B.16)
CheK = —0(s — 1)F + gf;l%f( (B.17)
0=¢(1—&)+Gdh—Go(l—n)YC 7 = QopY ™! (B.18)

0=C+¢[(p+1)Y?(1—7)—C] (B.19)
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where 0, = (1 — on)ay + noy. Then it is easy to show:

Y =(1-7) 7 (B.20)
C=Y (B.21)
YC—7 Y91 -7)
F=K=—" —— (B.22)
My =I,=1 Z=1 (B.23)
b Yo+l
e I L T B R S (B.24)
T -Y¥ 7
b_( (b= T b= B.25
e T e IR (B.25)

Hence being the best response of both monetary union and the small open economy
policymakers, zero inflation is a Nash equilibrium solution in regime A. Consider now
the case of regime B and suppose that the central bank of area H set H;th =1 for all

t. The central bank of the monetary union in area F' maximizes:

| P\ " ‘ . . N i
G |YY - (P . ) (as(J; +2(ap — )} ”/ G 4+ 2(1 — oy)C ’7/ i Mg
Cit 0

CiTT 1 YRz
l—o o+1\ A

2

b | yi\ et . .
vl |mi - (;) 21+ )1~ 7)
t

b,i € %
- 1] — Golp1 0115 K

P'L
Peiy

1
b,i i i 1 - GH;;I =
0oy | FE — K —T—o

b,i i i € 1— GHf’;l o
+Csp |21 —0Z; (115, — (1 —0) T

I * i * i —0
(b Chy Pr PF,t—IH_l ( Ci ) Py Pci,t—1H_1
6,t Ft ] ] it
Chi Py Ppi Ciy Peiy Py

+C§:t - Y/ C", . } G 19H§Et Y F

}di

)
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1
2 ,
b,i
+ / {C7,t
0

. P\ 7" . NS R N
Y — (P—t> (asC'Z+2(ab—as)CZ ”/2 I dj + 2(1 — ) C ”ﬁ ot ”dj)]
Cit 0 1

b ) Y L 0 ) ) c b ,
ri|wi- (B) zr - o) | - o
" €
. . . P )
b,i i Ve s e—1) i
+Go {F -V } —Gaf1L VR,

b,i i i 1_‘91_[@;;1 o
+Go. | FY — K 19

bi i i e 1— 91’[?’;1 -
+Cihe | 28 — 02 (115, — (1 —0) 19

B —0
* * 1 —0
b Chrs Py Prryq ( Cy ) Py Poigq -1
12,t - i ] it
C;I,t—l P;I,t PH,t—l CZ—1 PCl,t Pz‘,t—l

}di

with respect to Cj, Yy, Z;, K}, F} and Il;; all i and whereP;;/Pciy, Pf,/Pp; and

Py ./ Puy are determined consistently with (2.26) , (2.27), (B.2) and (B.3)). Assume
that i =y, Al = A, 77 =7 and Z] =TI;, = 1 for all j € [0, 1] and . Moreover assume

that Z"; =1 for all i Given that 7 =1—(1—7)(1+ ,u)s(%)1 Then according to the first

order conditions at the symmetric deterministic steady state it can be shown:

Y =(1—7) 7 (B.26)
C=Y (B.27)
YO Yer(1—7)
F=K=——p=—71 (B.28)
My=Hp=1 Z=1 (B.29)

Therefore for the policymaker of the area F' zero inflation is a best response to a
zero inflation policy of the policymaker in the area H. A symmetric problem can be
stated for the policymaker of the monetary union of the area H Thus zero inflation is

a Nash equilibrium policy.
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B.3 The purely quadratic approximation
of the welfare

In order to recover the optimal policies we need to approximate up to the second order
single country representative agent utility given by (2.1)) in the following way.
First we can approximate the utility derived from private consumption for generic

region ¢ as:

il—o
[ 1—0o
e

l—0 1—-0

+ C7(é 4 %(éﬁ)g) — %01—”(6;')2 + t.i.p. (B.30)
where ¢! stands for the log-deviations of private consumption from the non-stochastic
symmetric steady stateﬂ

Similarly the labor disutility can be approximated by taking into account that N} =

iz . iv\ ¢ .
% and, as showed by (Gali and Monacelli| (2005), being Z} = fol (’%) dh':
s & i
Zy ~ §Varhi(pt(h ) (B.31)
In words the approximation of Z! around the symmetric steady state is purely quadratic.

Moreover following Woodford (2001, NBER WP8071) it is possible to show that > 5V ar,: (p,(h?)) =
=0

%;}ﬁ’twit with A = 1200280 -y,

1 /Yizi\*™ 1 R £ ©
S () = oy ey g Y+ Yy
t

—(p + 1)Y¥Tgial + tip. (B.32)
B.3.1 The case of the small open economy

By combining (B.30) and (B.32) and taking into account that at the steady state
C~7 = (1—7)Y%, the second order approximation of welfare of the region ¢ households

can be written as:
- . 1. - _ .
Zﬁt}/wﬂLlE’o {g; Wy — ééé W58, + 5, W, c€;| + tip. (B.33)
t=0

4From now this convention will be used: &; represents the log-deviation of X; from the steady state.
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where
§il = [gza é;a ’/Ti,t:| ’U); = [_1> (1 - %)7 0] é,f, = [éH,ta éF',ta (Ii, :uff]
(p+1) 0 0 00 (p+1) 0
Wss = 0 (I1-7)c—1) 0 Wee=10 0 0 0
0 0 % 0 0 0 0

1 . .
and with ¢ € [0,1) ¢y, = 2 [ ¢/dj and épy = 2f11 ¢ dj. In order to recover a purely
2
quadratic approximation to the welfare for the central bank of the small open economy;,
we have to use both the second order approximation to the demand and to the Phillips

curves.

The second order approximation to the demand curve can be written as:
0~ [§i/gs — &' ge + %éi/G&sét — §§'Gs,eet} + s.0.t.i.p. (B.34)

where

&

_l’_

S

[}

|

S

[v)
oo oo
oo oo

0 0 0
Gs,s = 0 53 + wy 0 Gs,e =
0 0 0

where 6; = as(1 —no) +no/as, & = ap(l —no) — apno /(1 — 2¢4) and:

(1 —as)no(oc — (1 — ay)as(l —no)) y (1 —ap)no (o + (a2 + (1 —2a4)) (1 — no))
2 as(l — 2@(,)

w1
2
aS

As in Benigno and Woodford (2005)) the second order approximation to the (2.54))
and be combined with (2.52)) and ([2.53)) to obtain:

1-6 00 ) y 1 ., , 3 .
Vo = ——(1- 59);@@0 {g;g vy — & + S8 Vo8 — S Vieél| + sotip,

(B.35)
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where
vl = [p, o7, 0 ve =lo(ys =), —o(l=m), —(p+1), 1]

olp+2) o, 0

Vis = ovs  —o*y: 0
e(p+1)
0 0 SDT
o(vs—m)  —o(l—=m) (p+1)? —(p+1)
V;,e = 0-2’78(76 - ’78) 0275(1 - /Yb) 0 0
0 0 0 0

Given (B.34)) and (B.35]), it is possible to rewrite (B.33)) in a purely quadratic way.

Indeed thanks to these conditions:

> ~r 1 ! ~i i
0 ~ Yw_lZﬁtEO [li (1 - SOCs)fs - CsUs) + Qst ((1 - QOCS)FS,S - Cs‘/s,S)St — 5 ((1 - SOCS)Fs,e
t=0

!

5 (1= $C)Fue = GVae)él] + tip. (B.36)

where (5 = (ds — (1 —17))/(dsp +7s0). Notice that ¢§ = (;(1 —7) and {§ = (1 — ()
with (7 and (§ being the lagrange multipliers previously recovered for the optimal policy

problem of the small economy policymakelﬂ It is easy to show that:

Ws = (1 - 90C8>fs — (sUs (B'37)

Hence we can write the second order approximation of union welfare as:

S 1 ot At ~i! Ad .
YSO—H;ﬁtEO |:_§St Qs,sst + S Qs,eet + th (B38)
where
Qs,s = 9 + (1 N SOC‘S)GS’S - CS‘/S’S ste = s,e + (1 - @Cs)Gs,e - Cs‘/s,e
(B.39)

and €, ; and €2, _ are respectively equal to:

5See Benigno and Woodford, (2005))
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(1 =Clp+1))e —Crso 0

_Csf}/so' (1 - 7:)<0- - 1) + CSV?O-Q + (1 - CS@)((SS + wl)) 0

0 0 (1 =Gl +1))e/A
_Cso-(’ys - ’Yb) 650-2’75(’73 - ’Yb) + (1 - CSSO) (wl + UJZ) 0
C50<1 - 717) —C502’Ys(1 - ’Yb) - (1 - CSQP) w2 0
(1=Cle+1))e+1) 0 0
Gl +1) 0 0

Now we would like to rewrite this approximation in terms of deviations from the
target of the small open economy policymaker. It can be shown this target can be
determined by maximizing with respect to ¢, ¢ and 7, taking as given the
aggregate variables in the area H and F' and subject to . According to the first

order conditions of this problem:

(1 - Cs(@p + 1))@@2’5 - Csf)/sgéi’s + Cso-('ys - Wb)éH,t - Csa(l - Vb)éF,t - (1 - gs(@ + 1))(90 + 1)d;

—Glo+ iy = o, (B.40)

(1 - %)(0 - 1) + Cs’75202 + (1 - Cs@)(és + Wl»é?s - Cs'ysaggs - (CSU275(1 - /Yb) - (1 - gs@) WQ)éFﬂf

+(<30273(73 - ’Vb> + (1 - CSSO> (wl + WZ))éH,t = _as(ﬁi,t (B'41)
£

(1= Glp+1))ymie =0 (B.42)

Q?S = (Ssé?s + (5b - 63)6H,t + (1 - 5b>éF,t (B43)

for all i € [0, %) and where ¢! is the lagrange multiplier of (2.45)). Notice that in the
perspective of the small open monetary authority ¢z, and ¢r; are taken as exogenous.
Then it is easy to show that can be rewritten as . Indeed it is sufficient
to add and subtract the corresponding target in each terms of and then use the

fist order conditions just listed.
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B.3.2 The case of the Monetary Union

If in the area H there is a Monetary Union, then the second order approximation of

average welfare of the union household can be read as:

o) 1
2 y 1~ ) ny .
> plyet / Ey [g; we — Sl W8y + I Waily| di + tip. (B.44)
t=0 0
§ = 9, ¢, il w, = [-1, (1—=7), 0] il = laj, ]
(p+1) 0 0 (p+1) 0
Wy, = 0 (1-7)c—=1) 0 Wse = 0 0
0 0 5 0 0

A purely quadratic approximation to the welfare of the union households can be

retrieved thanks to the second order approximations of the demand and of the supply

curves.

The second order approximation to the demand curve of a generic region ¢ in the
area H can be read as:
: Lo 1., 1 [, R o
0x~3; fo+ / s,di'gs,, + / 5,di'gs, + 58125 G s5; + 3 / 5; Gy sy 5ydi + 3 / 5y Gy sp8idi
0 1 0 1

1
2 2

1 1 1
1 [z .. . z 1t Lo : Lo
+§/0 S;dZ/GSH,SH/O S;dZ—Fél S;dZ,GSF,SF[ S;dZ—FSi G&SH/O SédZ—i—S; G&SF[ S;d@
2 2 2
o 1
+/ <§idi/G5H,SF/ é’idl—i‘SOth (B45)
0 ]
where

’

gs = [_17 557 O] g:S‘H = [07 2<5b - (55)7 0] g:S'F = [Oa 2<1 - 5b)> Oa]



143

0 0 0 0 0 0
Gss = 0 (58—{—(,()1 0 G3F75F = 0 (1—5b)+u}3 0
0 0 0 0 0 0
0 0 0
GSH,SH = 0 _7702(1 - 752) + (51) - 55) - (wl + W3) 0
0 0 0
0 0 0
Gsysu = | 0 (no*(1—92) = 1o (1 — %) 4 2wi + 2wy +w3) 0
0 0 0
0 0 0 0 0 0
GSBSF = 0 — (7702'717(1 - Vb) + WS) 0 GS,SH = 0 — (W1 + U.)Q) 0
0 0 0 0 0 0
0O 0 O 0 0 0
Gssp =0 wy O Gspsr = | 0 (no® (1 =) —ws) 0
0 0 0 0 0 0
and where
o (1 —ap)no(oc+2(1 — ap)(1 —no))
0 1— 2aqy
By integrating (B.45)):

1 1 1 1
2 . 1 2, . 1 y )
0=+ / sidi'hs, + / i hs + 5 / 8 Hyy o Sidi + / 5 H,p o 8idi
0 1 0

2
1 (2 ., 1t Lo e v .
+§/ s;di HSH,SH/ SzleFé[ sdi HSF,Sp[ séder/ s;di HSH,SF[ 8;di + s.o.t.1.p.
with

/

hg, =[—1, 6, 0] hg, = [0, (1—4), 0,]

0 0 0 0 0 0
Hyysy =10 —no*(1 =73+ 0, —ws 0 Hepsp =10 (1—=6)+ws 0
0 0 0 0 0 0

0 0 0

HSH,SH = 0 7702<1 - 73) - 7702'71)(1 - ’Yb) +ws 0

0 0 0
0 0 0 0 0 0
Hspsp = | 0 —(no*(1— ) +ws) O Hsysp = | 0 no*w(l =) 0
0 0 0 0 0 0
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A symmetric approximation can be stated for the resource constraints of the regions

in the area F' namely:

1 3 1 [/t 4 1 ,
O:+/ §§di'st+/ §;di’sz+§/ s, F5F75F§§dz’+§/ 8y Fspy sy
1 1 0
2

0

[SIE

~G 7
spdi

2

1t L 1 [z . oy o 1
+3 / §idi'Fy, s, / Sidi + 5 /0 §idi'Fs, s, /0 sidi + /0 §idi'Fs,, s, / §idi + s.0.4.0.p.
2 2 2

with fSF = hSH> fSH = hSF? F5F75F = H5H75H7 FSH,SH = SF,SF) FSF7SF = HSHSH?

FSHaSH = HSFMSF and FSF,SH = HSH,SF'
Conversely the second order approximation of the (2.54]) for the area F' can be

obtained by combining (2.52)) and (2.53)):
1

1—40 > , L 3 , 1. .
Vo = T (1= 503 3 B[ v, + / Sidi'vs, + / Sidi'vg,, — v, + =81V 8)
0 t=0 3 0 2 ’

1 1 1 3
+§[ <§77£d7;/VSF7SF/1' §f‘,dl+§/ ‘§idi/VSH75H/
2 0 0

1 1 1
g 2 . 2. . ., )
5V, 5, / Sidi+ / §di'Vs, s, / sidi— & vs,ua;]ﬂ.o.t.i.p. (B.46)
0 1

5 1

2 iy .
TR i g
spdi + 5 Vs,sF[ 5pdi

2

0 2
where
v =lo om0 vl =[0 20(m 7). 0] vk, =[0. 20(1—). 0] o, =[(p+1), 1]
ple+2) o7 0 0 0 0
V:e,s = 0%s _0-273 0 VSF,SF = 0 02(7&’ - 78)2 0
0 0 el 0 0 0
0 0 0 0 om—ns) O
Vopsu = 0 —c*(1—)* 0 Visp = 0 —0%v(w—1s) 0
0 0 0 0 0 0
0 o(l—m) O 0 0 0
VS,SH = 0 _0'273(1 - fo) 0 VSRSH = 0 _02(1 - 7b) <7b - /75) 0
0 0 0 0 0 0
(p+1)* —(p+1)
Vsu=10 0

0 0
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By integrating over [%, 1}

1 1—0 > T i 1 1/, .
Ly = _(1—59)25@0[ Sidirs, + | &idi'rs, — | didiry +< | &R, 8di
2 0 1 0 1 2 /1
t=0 2 2 2
1/t L 1 [z . i oy L
+5 / §idi' Rsp.s, / Sidi+ 5 / §idi'Rs, s, / sidi+ / §idi'Rsp.s, / Sidi
i i 0 0 0 1

2
1

§QIRSF,uﬂidi] + s.0.t.i.p.

|
o

(B.47)
where:
rop =10y o, 0] 75, =100, o(1=), 0] r,=[(¢+1), -1
olp+2) o7 0 0 o(w—"s) O
R3F75F = 07%s _0-2752 0 RSF,SF = U('Vb - 75) _0-2(71? - '73) 0
0 0 et 0 0 0
0 0 0 0 o(l—=v) O
Rspsy, =10 —0*(1—7)* 0 Rsps, =0 —c*w(l—m) O
0 0 0 0 0 0
(p+1)* —(p+1)
Ry,u=10 0
0 0
Again a symmetric condition can be stated for the regions of the area H namely:
1 1-0 - t 14 -/ %Ai ./ 1Ai ./ 1 lAz’ NP R
W = (1-— ﬁ@)Zﬁ EO[ 5;di’kg,, + sidi'ks, — [ wdi'ky + - | 5K, s, 50d0
2 b = } 0 } 20y

=

1 [ Lo s 5 3 v
+§/ SidZ/KsH,sH[ s;d@—l—§/0 S;dl,KSF,SF/O sédz%—/o Sde/KSH,SFﬁ §ydi
3 3 3

1
_ / 5 Ky tidi] + .0, (B.48)
1

2

where kg, = 15, ks, = s, kv = rv, Koy sy = Ropsps Ksy s = Rspsps Ksposp =

RSH75H7 KSH:SF = RSRSH and KSHM = RSF:U‘
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Then it can be shown that:

ws = (1 = pC)hsy — (§ — G)efsy — Gksy — (€ — G)rsy

0=(1—vG)hs, — (€= G)efsr — Ghsp — (£ — G)rsye (B.49)
where (, = %ﬁ — (1:;%101((11/3)2;)¢ and £ = Ufm Hence we can write the second

order approximation of union welfare as:

0o 1 1 1
1 2 o 1 1 o o 1 2 . 2
YS"HZﬁtEO [5/ sl QsH,5H3§d2+§[ 5 QSF’stidHﬁ/ SidZ'QsH,SH/ sydi
—0 0 1 0 0
1t 1 3 1 i, . 1 .
+§/ §idi/QSF,sF[ §idz’—i—/ §;di/QsH,SF/; §§di—/ Sy QSH,uﬂidi—[ S QSF,uftidi]
3 2 0 2 0 2
+t.i.p. (B.50)

where

Qsyrsn = Wis + (1= 90CG) Hsyy 51 — (€ — Q)0 F s 5 — Gl
Qspsr = (1= @) Hopsp — (€ = Q)pFspsp — (€ — G) Rspsp
Qsysn = (1= Q) Hsy 50 — (€= G)oFsy.s55 — Glspsy — (6 — ) Rsy s
Qspsp = (1= G0)Hspos — (§ = )0 Fsp.5, — GEspsp — (€ — G) Ry s
Qg5 = (1= G0)Hsy 50 — (€ = G Fsysp — Glsysp — (£ — G) RS, 5,

QsH,u = Ws,u - gstH,u QSF,U = _(6 - gb)RSF,u (B51)

and Qg sy QLsposes Q5.5 QLsp.spy sy .m0 sy and Qg ,, are respectively equal to:

(1=Gle+1)p —Goys O

_Cbo-’ys WsHsH 0
(A=Gp(p+1))e
0 0 UGl

—(E=G)e+ Dy —(€—-G)oys 0

- (5 - Cb)073 WsFsF 0
0 0 (=G (e
A



;

_Cbo- (% - 73) 0
Go (V6 —Vs) WsHSH 0
0

147

(B.52)

(B.53)

(B.54)

0
[ 0 —(€=G)a(w—") 0 ]
—(€ = G)o(w—s) wsrsr 0
0 0 0
0 —Go(L—m) 0 ]
—(6=G)o (1 =) wsnsr 0
0 0 0
(I=Gle+)e+1) Gle+1) —(€=G)e+1)? (E-G)p+1)
! A I R
with
weps = (0 —1)(1=7)
+(1 = Gp) (—no® (L =12) + 6 — ws)
—(€ = G)e((1 = bp) + ws)
+Go?ys
wspsr = (1= Gp)((1 =) + ws)
—(& = Gp(=no® (1 = 77) + 0 — ws)
+(E = Gy
wsnsn = (1= Gp)(no® (1 =72 =3 (1= %)) +ws)
(€= G)pno®y (1 =) + ws)
+Go® (7 —7)
+(E=G)o* (1 =)
wsrsr = —(1 = Gp) oy, (1 — ) + ws)

—(E—G)emo® (L=72 = (1 — ) +ws)
+Go? (1 —)?
+(E— &) (i —12)

(B.55)
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wsusr = (1= Gp)noy (1 — )
—(& = G)pna*yy (1 — )
+Go?y (1 — )
+(E = G)o® v (1 =)

(B.56)

Now we would like to split this welfare approximation in (B.50]) in two components

= 1 [ Y 1
+1 ¢ s rr s si i\
Yy?® E 5E0[§A (st—§/% stdz> Qsyosm (st—é/; stdz> di
/

namely:

t=0

: Y 3

—/ g_/gw Qe m—/aw di
0 0 0

mm>m

/N
i”&
\\H
2.
&
~_
)
»
b
®
RS
£
N\H\
2.

=
N|=

2 . .
Sydi' (s, 511 +QSH,SH)/ sydi

0
1

1
[ §;di/(QSF75F+QSF75F)[ §;d2
2
1

2

1 1
—/)ngWM/ tidi
0 0
L 1
—/i$Mme/i%M}+tML (B.57)
1 1

The first component depends only on the average union variables whereas the second
depends only on the differences between specific country and average union variables.

However this second component can be considered as terms independent of policy (even
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if they should be taken into account for welfare evaluation) because having as a mon-
etary policy instrument of the average union interest rate, the policy decisions of the

Monetary Union Central Bank can just influence the average union economic perfor-

mance. Thus (B.57)) can be read as:

e}

1 (7 :
Y¢+1ZﬁtE0 |:§/0 StdZ/(QSH,SH +QSH,SH)/0

t=0

1 1 1 1 1 1
2 ~q . A7 . 2 /\', . 2 ~7 . /\'l . ~7 . .
+/ sidz’QSHﬁF[ s;dz—/ EH szsH,u/ uidz—/ EH szsRu[ uidz} + t.a.p.
0 i 0 0 i 1
2 2 2

The last step consists in rewriting (B.58)) in terms of gaps with respect to the target

1

UV B L i g
sffdz—l-g[ Sidl’(QsF,sF‘i‘QSF,sF)[ Sydi
2

-

of the policymaker of the monetary union. It is easy to show that target is determined

by maximizing (B.58|) with respect 9+, Ury, Cue, Cre and my, subject to:

. . . . 1
Yt = §bCH,t + (1 — 6b)CF,t 1€ l:O, 5)

. . . . 1
Ypt = 5bCF,t -+ (1 — 5b)CH,t 1€ |:§, O:| (B58)
In other words the target of the benevolent central bank of the monetary union
coincides with the constrained efficient allocation (namely the allocation that a planner

would choose having as objective (B.58))). According to the first order conditions with

“bh sb sb b .
respect 0 Yy 4, Upy Crgs Cry and g

(1= Gl + )by, — 6o (e, + (1 =) &hy) — (1= Gle + 1)) (0 + L)amy,

G+ Vit = o1, (B.59)

— (&= )+ V)i, — (€ = G)o (wlhy + (1 — ) &ry) + (€ = &) (0 + 1)%amy

—(& = Q)@+ Dfire = o1, (B.60)
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[(0 = 1)(1=7) + (1= Q)b — (€ = )L — &)] &y — Qo — (€ = G)o (1 — 1) Gy
+<b‘727b (%él}l,t + (1 - %) é%,t) - (5 - Cb)UQ (1 - ’Yb) (’Vbé%,t + (1 - ”Yb) él;{,t)

+(1 = &o)mo? (1 — ) (S, — &hy) = — (60t + (1 = 8) o1 ,) (B.61)

[(1 = Go) (1 = 66) — (€ = Co)pde] ¢y — (€ = Co)oveiiiny — Goo (1 — 76) 3,

+<f - Cb)UQ'Yb (%é(},t + (1 - Vb) él;{,t) + gbag(l - 7b) (%él;{,t + (1 - Vb) é%,t)

—(1- 580)7702%(1 — M) (él})?‘,t - él}{,t) = _(5b¢ft + (1 =) {It) (B.62)
(1= Glp+ 1))§7TH,15 =0 (B.63)

where qﬁft and gbf . are the lagrange multipliers of constraints (2.47)) and (2.48]). Then
it can be shown that (B.50) corresponds to (2.81]) (again by adding and subtracting the
target in each term of (B.50) and then using the conditions just listed) where:

or = [(0 =1) (1 =7) + (1= Gle +1))0 — (€ = G)p(1 = &) — (1 — G)no (1 — 1)
+G0 7 + (6= G)o® (1 — )]

or = [(1 =G+ 1)1 = 8) — (£ — G)edy + Go?(1 — ) + (1 — Ge)no* (1 — )
+(€ = &) ]

omr = (1= Go)now(l — ) + o (1 — ) + (€ — G)o” (1 — ) W
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C Appendix to chapter 3

C.1 Some useful derivatives

Before writing down the optimal policy problems it is useful to compute some deriva-

tives. For the shake of brevity we report them after having imposed symmetry.

e Derivatives w.r.t. N and N*:

oP/p; _OP*Jp; . P [N =
o = S = = | T —eF (1) (1)
OP[pz;  OP*/py 1-n0P/pz
R A T (€2)
OPu/pz _ OP;/pz — ,0P/pz 0Qz 0Qy =
) T oN ~on- - et (©3)
e Derivatives w.r.t. 7¢ and 75:
OP[pz _ 0P [pz _ _ jan P 1 OP*[pz _ OP/pz _ (rr )1_7;813/2?2
otc ot pz 1 — 10 oTc ot ! oTc
(C.4)
8PH/pZ aP;_}/pZ nap/pz
p— = —_— C.5
oTe ot ¢ I9kre, (C.5)
e Derivatives w.r.t. 77 and 77:
OPlps _OP'[ps _ oy oy P
o = AP gy ()

where ¢ = [1 — (771)1*’7]"%1

C.2 Cooperative optimal policy problem

As already specified in the paper, even thought we consider three sets of policy in-
struments, (7¢,75), (77 and 77), we allow policy makers to choose optimally only one
instrument at a time. Therefore, the general set up of the cooperative problem is a

follow:
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subject to:
o () [ o ()]
(e — 1) fN*2 (1;;*1)”: [(g)ncwrl M) (pi;)nc} (C.8)
e ser(B) (oo () (2
(C.9)
et o () (5 e (B) ()
(C.10)

where i € {C,I,X} and Qz, Q% are defined according to and and the
price indices are defined as in section [3.4.4] Let \; be the lagrange multiplier associated
with the i-th constraint. Note that the first order conditions w.r.t. C, C*, N and N*
remain the same for all the three policy problems. After imposing symmetry, we can

write those conditions as follows:

o (:
-« n _
(2) n () pare et 2 ey
bz bz a Pz
o (,:
o N :
P\ 8P/pz P K 1 11—« 8P/pz _ 8@2
_ - n—1 - T A — n—1 _
1) (L) oo B, (L) pevetror o, [ 202002 g 52

(C.13)
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As = Ay (C.14)

To obtain those expressions (and in what follows) we also make use of the constraints

which, after imposing symmetry, collapse to two:

(e—1)fN=1¢" =C [1+ 7" "(r)7"] (C.15)
Q=1L (C.16)
« Pz

C.2.1 Cooperative Production Subsidies

When solving for the optimal cooperative production subsidies, we set 71 = 77 = 1.

After imposing symmetry the first order conditions with respect to 7¢ and 7 implies,

respectively:
® T .
P - P 7771 - 1 e—1 1 —
(1=0) (_) o =N <_) N (1 4 720 4ot £ fN = ¢2n—1) +A3 a¢n—1
Dz Dz C Q
(C.17)
o T,
Az =M (C.18)
Using ((C.15)) equation (C.17)) simplifies to:
P\ ° 1—
(1-a) (—) $ = Ny (C.19)
Pz «

Multiplying this last equation by C 81;% and subtracting it from ((C.13|) we obtain:

y—1

P\" —
h (_) N=T" = A37Qz" (C.20)
Pz

From (C.19) we have A3 = « < P>_ . Combining (C.11)) with the expression for A,

Pz

E
with (C.20) and the expression for 1% =¢ =1 - 7'0)]\7iQZW , we obtain:

e—
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e—1

1-— TC = <C21)

€

The optimal cooperative solution implies that each country should set the production
subsidy in order to exactly offset the distortion coming from the presence of monopolistic

competition.

C.2.2 Cooperative Import Tariffs

For the moment we do not make any assumption on 7o and 75 other than that of
symmetry. After imposing symmetry the first order conditions with respect to 7; and

7/ implies, respectively:

® Tr:

(1-a) (£> o — SN <5)n_1 p =1 (C.22)

bz TI

We can use (C.11)) to eliminate A3 from the other equations. In particular, combining
(C.11) with (C.22|) we can write the F.O.C. w.r.t. 7; as:

a (£>_a — A <£)n_l {1 Ay e 1} (C.24)

bz bz TI

Using again (C.11)) to eliminate A3 from the F.O.C. w.r.t. N, (C.13)), and combining
this with (C.24)) it is possible to derive the following expression:

gFNﬁgzﬁ” = —¢" 'nC (£>

1 -1
ap/pzT[—l_an £ I 1+7_1_n7_;7,_ n 71— 1
ON TI ON l—a 71

Pz Pz
(C.25)

Using (3.36)) together with (C.3|) we have:

0Qz ([ P\! e—1 .
—) =-F N = 2
ON (pz) qbl—Tc (C-26)
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Substituting this last expression and the one for 61;% we can rewrite |D as:

eF¢" = —Nveng™ |CeF(1-9)Q," — N7' +FPi— B (C27)

TI 1—7’0

L cC | -1 e—1
e—1

l-a T

where B=1+7!717," — —’7—% Finally note that, combining (3.36|) with (C.16) we

have:

-1 1 e—1 1 Q
CQy e 'NT= = C.28
Qz'c0 v 1l—1cl—« ( )
while from (C.15)):
Ni= ¢ = F¢" [1 + Tl_"T_"] - (C.29)
e—1 !
Using those last two equations into (C.27)) we obtain:
-1 - e—1 1-— a 11—1

L Py [ B—n—! ! C.30
¢ c nT[ (+T TI) } 1—7(;{ v 1l—a 74 (C.30)

which, n = ¢ and v = 1, when simplifies to (3.38]).



156

References

Beetsma, Roel M. W. and Henrik Jensen, “Mark-Up Fluctuations and Fiscal
Policy Stabilization in a Monetary Union,” Journal of Macroeconomics, 2004, 26,
357-376.

— and — , “Monetary and Fiscal Policy Interactions in a Micro-Founded Model of
a Monetary Union,” Journal of International Economics, 2005, 67 (2), 320-352.
Benassy, Jean-Pascal, “Taste for Variety and Optimum Production Patterns in
Monopolistic Competition,” Economics Letters, 1996, 52, 41-47.

Benigno, Gianluca and Bianca De Paoli, “Optimal Monetary and Fiscal
Policy for a Small Open Economy,” 2009. CEPR Discussion Papers 7232.

— and Pierpaolo Benigno, “Price Stability in Open Economies,” Review of
Economic Studies, 2003, 70 (4), 743-764.

— and — , “Designing Targeting Rules for International Monetary Policy
Cooperation,” Journal of Monetary Economics, 2006, 53, 473-506.

Benigno, Pierpaolo and Michael Woodford, “Inflation Stabilization and
Welfare: The Case of a Distorted Steady State,” Journal of the European
Economics Association, 2005, 3, 1185-1236.

— and — , “Linear-Quadratic Approximation of Optimal Policy Problems,” NBER
Working Paper, 2006, 12672.

Briilhart, Marius and Federico Trionfetti, “Public Expenditure, International
Specialization and Agglomeration,” FEuropean Economic Review, 2004, 48, 851-881.
Clarida, Richard, Jordi Gali, and Mark Gertler, “A Simple Framework for
International Monetary Policy Analysis,” Journal of Monetary Economics, 2002, 49
(5), 879-904.

Corsetti, Giancarlo, “A Micro-founded Reconsideration of the Theory of the
Optimal Currency Areas,” 2008. Mimeo.

— and Paolo Pesenti, “Welfare and Macroeconomic Interdependence,” Quarterly

Journal of Economics, 2001, 16 (2), 421-446.



157

Davis, Donald R., “The Home Market, Trade, and Industrial Structure,”
American Economic Review, 1998, 88 (5), 1264-1276.

De Paoli, Bianca, “Monetary Policy and Welfare in a Small Open Economy,”
Journal of International Economics, 2009, 77 (1), 11-22.

Dixit, Avinash K. and Joseph E. Stiglitz, “Monopolistic Competition and
Optimum Product Diversity,” American Economic Review, 1977, 67 (3), 297-308.
Epifani, Paolo and Gino Gancia, “Openness, Government Size and the Terms
of Trade,” Review of Economic Studies, 2009, 76, 629-668.

Feenstra, Robert C., Advanced International Trade: Theory and Evidence,
Princeton University Press, 2004.

Ferrero, Andrea, “Fiscal and Monetary Rules for a Monetary Union,” Journal of
International Economics, 2009, 77 (1), 1-10.

Flam, Harry and Elhanan Helpman, “Industrial Policy under Monopolistic
Competition,” Journal of International Economics, 1987, 22 (1-2), 79-102.

Gali, Jordi, “Government Size and Macroeconomic Stability,” Furopean Economic
Review, 1994, 38, 117-132.

— , Monetary Policy, Inflation, and the Business Cycle, Princeton University Press,
2008.

— and Tommaso Monacelli, “Monetary Policy and Exchange Rate Volatility in
a Small Open Economy,” Review of Economic Studies, 2005, 72 (3), 707-734.

— and — , “Optimal Monetary and Fiscal Policy in a Currency Union,” Journal of
International Economics, 2009, 76 (1), 116-132. Journal of International Economics.
Gros, Daniel, “A Note on the Optimal Tariff, Retaliation and Welfare Loss from
Tariff Wars in a Framerwork with Intra-Industry Trade,” Journal of International
Economics, 1987, 23, 357-367.

Helpman, Elhanan and Paul Krugman, Trade Policy and Market Structure,
MIT Press, 1989.

Krugman, Paul, “Scale Economics, Product Differentiation, and Pattern of

Trade,” American Economic Review, 1980, 70 (5), 950-959.



158

Lambertini, Luisa and Avinash Dixit, “Symbiosis of Monetary and Fiscal
Policy in a Monetary Union,” Journal of International Economics, 2003, 60,
235-247.

Lombardo, Giovanni and Alan Sutherland, “Monetary and Fiscal Policy
Interactions in Open Economies,” Journal of Macroeconomics, 2004, 26, 319-347.
Melitz, Marc J. and Giancarlo I.P. Ottaviano, “Market Size, Trade, and
Productivity,” Review of Economic Studies, 2008, 75, 295-316.

Mundell, Robert, “A Theory of Optimum Currency Areas,” American Economic
Review, 1961, 51, 657-675.

Obstfeld, Maurice and Kenneth Rogoff, “Global Implications of Self-Oriented
National Monetary Rules,” Quarterly Journal of Economics, 2002, 117 (2), 503-535.
Ossa, Ralph, “A "New Trade” Theory of GATT/WTO Negotiations,” mimeo,
University of Chicago Booth School of Business, 2008.

Pappa, Evi, “Do the ECB and the Fed Really Need to Cooperate? Optimal
Monetary Policy in a Two-Country World,” Journal of Monetary Economics, 2004,
51 (4), 753-779.

Rotemberg, Julio J. and Michael Woodford, “An Optimization-Based
Econometric Framework for the Evaluation of Monetary Policy,” NBER
Macroeconomic Annual, 1997.

Venables, Anthony, “Trade and Trade Policy with Differentiated Products: A
Chamberlinian-Ricardian Model,” Economics Journal, 1987, 97, 700-717.
Woodford, Michael, Interest and Prices: Foundations of a Theory of Monetary

Policy, Princeton University Press, 2003.



	firstpage2
	PhDChiaraDef.pdf
	Acknowledgements
	Table of Contents
	Optimal monetary and fiscal policy in the EMU: Does fiscal policy coordination matter?
	Introduction
	The model
	Preferences
	Consumption demand, portfolio choices and labour supply
	Final good aggregate demand
	Firms and technology in the final good sector
	Intermediate good aggregate demand
	Firm technology and price setting in the intermediate good sector

	Equilibrium
	International risk sharing
	Good market clearing conditions
	The Phillips curve

	The optimal policies
	The case of coordination

	The case of no-coordination
	Fiscal policy
	Monetary policy
	The case for average price stability
	The general case
	Calibration
	Dynamic simulations

	Conclusions

	On the benefits of a monetary union: Does it pay to be bigger?
	Introduction
	The basic framework
	Preferences
	Consumption demand, portfolio choices and labor supply
	Firms, technology and price setting

	Equilibrium
	IS curve
	Aggregate demand
	Aggregate supply

	Optimal monetary policy problems
	The deterministic steady state
	The case of a closed economy
	The case of the small open economy
	The case of the monetary union

	Optimal monetary policies
	Dynamic Simulation

	Welfare evaluation
	Conclusion

	Optimal trade policy: Home market effect vs. terms of trade externality
	Introduction
	Literature Review
	The Model
	Households
	Firms in the Differentiated Sector
	Homogeneous good sector
	Government

	Equilibrium
	Free Entry in the Differentiated Sector
	Goods and Labor Markets Clearing Conditions
	Balanced Trade Condition
	Price Indices
	Terms of Trade

	Optimal Trade Policy
	Cooperative Policy Problem
	Non-Cooperative Policy Problem
	Production Subsidies
	Tariff on Imports

	Conclusion

	Appendix to chapter 1
	Proof of proposition 1
	The zero inflation deterministic steady states
	 The policy problem under coordination
	The fiscal policy problem under no-coordination
	The monetary policy problem under no-coordination

	A purely quadratic approximation to policy makers' objectives
	The welfare approximation under coordination
	The welfare approximation to the objective of the fiscal authority
	The welfare approximation to the objective of the monetary authority


	Appendix to chapter 2
	Retrieving condition (2.26)
	Zero Inflation Deterministic Steady State
	The purely quadratic approximation of the welfare
	The case of the small open economy
	The case of the Monetary Union


	Appendix to chapter 3
	Some useful derivatives
	Cooperative optimal policy problem
	Cooperative Production Subsidies
	Cooperative Import Tariffs




