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1 Introduction

The creation of the European Monetary Union (EMU) has led to an array of new
challenges for policymakers. Those challenges have been reflected most visibly in the
controversies surrounding the implementation (and violation) of the Stability and
Growth Pact (SGP), as well as in the frequent criticisms regarding the suitability
of the interest rate decisions (or lack thereof) made by the European Central Bank
(ECB) since its inception. From the perspective of macroeconomic theory, the issues
raised by EMU have created an urgent need for an analytical framework that would
allow us to evaluate alternative monetary and fiscal policy arrangements for EMU
and other monetary unions that may arise in the future.

In our opinion that analytical framework has to meet several desiderata. First,
it has to incorporate some of the main features characterizing the optimizing models
with nominal rigidities that have been developed and used for monetary policy anal-
ysis in recent years. Secondly, it should contain a fiscal policy sector, with a motive
for public consumption, and a purposeful fiscal authority. Thirdly, the framework
should incorporate many interlinked open economies.

It is worth noticing that while several examples of optimizing sticky price models
of the world economy can be found in the literature, tractability often requires that
they be restricted to two-country world economies.! While such a framework may be
useful to discuss issues pertaining to the links between two large economies (say,
the U.S. and the euro area), it can hardly be viewed as a realistic description of
the incentives and constraints facing policymakers in a monetary union like EMU,
currently made up of twelve countries (each with an independent fiscal authority),
but expected to accommodate as many as thirteen additional members over the next
few years. Clearly, and in contrast with models featuring two large economies, the
majority of the countries in EMU will be small relative to the union as a whole. As
a result, some of its policy decisions will have very little impact on other countries.
While it should certainly be possible, as a matter of principle, to modify some of the
existing two-country models to incorporate an arbitrarily large number of countries
(i.e., an N-country model, for large N), it is clear that such undertaking would render
the resulting model virtually intractable.

In the present paper we propose a tractable framework for policy analysis in

1 Just to name a few within the New Open Economy Macroeconomics stream, Obstfeld and Rogoff
(1995), Corsetti and Pesenti (2000), Benigno and Benigno (2003), Bacchetta and van Wincoop
(2000), Devereux and Engle (2003), Pappa (2003), Kollmann (2001), Chari , Kehoe and McGrattan
(2003). Only a subset of these contributions feature a role for a fiscal sector. For a recent analysis of
monetary-fiscal policy interaction in a two-country setting and flexible exchange rates see Lombardo
and Sutherland (2004). For a two-country analysis more specifically tailored on a monetary union,
see Ferrero (2005).



a monetary union that meets the three desiderata listed above. From a modelling
perspective, the framework draws significantly from our earlier work on optimal mon-
etary policy in a small open economy (Gali and Monacelli (2004); GM-I, henceforth),
though suitably modified here to address a very different set of issues. In particu-
lar, as in GM-I, we model the world (union) economy as a continuum of small open
economies; as shown below, this approach allows to overcome the likely tractabil-
ity problems associated with “large N,” by making each economy of negligible size
relative to rest of the union.

The main differences relative to GM-I are twofold. First, we incorporate a pur-
poseful fiscal policy sector, by having public consumption yield utility to domestic
households, with the marginal value attached to that consumption being allowed to
vary (stochastically) over time. Secondly, we focus our analysis on the optimal fiscal
and monetary policies from the viewpoint of the monetary union as a whole. The
case of the small open economy with an independent monetary policy, which was
the focus of much of the analysis in GM-I, is re-visited here largely because of its
usefulness as a benchmark.

Needless to say, our framework is highly abstract at this point. First, and largely in
order to meet our self-imposed tractability requirement, we restrict ourselves to less-
than-general parametric specifications for utility and technology, and ignore capital
accumulation. Our model also ignores many aspects that are likely to be relevant for
the design of optimal policies. Missing elements include, among others, the presence
of sticky wages (along with sticky prices), the need to rely on distortionary taxes, the
effects of government debt policies, and the likely existence of non-fully Ricardian
behavior on the part of households. We plan to incorporate some of those features in
future work.

The paper is organized as follows. Section 2 develops the basic model. Section
3 characterizes the optimal monetary and fiscal policies from the perspective of a
small open economy that has its own independent central bank. Section 4 solves for
the globally optimal fiscal and monetary policy for a continuum of economies that
share the same currency but are subject to idiosyncratic shocks to technology and
households’ preference for public goods. Section 5 presents some simulation results.

Section 6 concludes.



2 A Tractable Optimizing Multicountry Model for
Monetary and Fiscal Policy Analysis

We model the world economy as a continuum of small open economies represented
by the unit interval. Since each economy is of measure zero, its domestic policy
decisions do not have any impact on the rest of the world. While different economies
are subject to imperfectly correlated shocks, we assume that they share identical
preferences, technology, and market structure.

Next we describe in detail the problem facing households and firms located in
one such economy. Before we do so, a brief remark on notation is in order. Since
our focus is on the behavior of a single economy and its interaction with the world
economy, and in order to lighten the notation, variables without an i-index will refer
to the small open economy being modeled. Variables with an i € [0, 1] subscript refer
to economy ¢, one among the continuum of economies making up the world economy.

Finally, variables with a star superscript correspond to the world economy as a whole.

2.1 Households

A typical small open economy is inhabited by a representative household who seeks

to maximize

EoZﬁt U(CtaNtaGt;Xt> (1)
t=0

where N;, C;, and G, respectively denote hours of work, private consumption, and
public consumption, whereas y, is a shock to the preference for public goods.

More precisely, C} is a composite consumption index defined by

CH7tlia Cr®
(1 — )02

C, (2)

where Cy; is an index of consumption of domestic goods given by the CES function

1 =
Chs = (/ Cus(j) = dj)
0

where j € [0, 1] denotes the good variety.? Cr, is an index of imported goods given
by

n_
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0

2 As discussed below, each country produces a continuum of differentiated goods, represented by
the unit interval.




where C;, is, in turn, an index of the quantity of goods imported from country ¢ and

consumed by domestic households. It is given by an analogous CES function:

1 =
o= ( / Coal)) = dj)
0

In addition we define G; as a government spending index given by

Gy = ( /0 )= dj) o (3)

Notice that parameter € > 1 denotes the elasticity of substitution between varieties

(produced within any given country). Parameter o € [0, 1] is (inversely) related to
the degree of home bias in preferences, and is thus a natural index of openness.
The maximization of (1) is subject to a sequence of budget constraints of the

form:

1 1,1
/0 Pp(j)Cr () dj+/0 /O FPii(j)Cit(§) dj dii + E{Qt 11 De1} < Dy +WiNy =T,
(1)
for t = 0,1,2,..., where P,;(j) is the price of variety j imported from country i
(expressed in domestic currency, i.e., the currency of the importing country whose
economy is being modelled), D, is the nominal payoff in period ¢+ 1 of the portfolio
held at the end of period ¢ (and which includes shares in firms), WW;is the nominal
wage, T, denotes lump-sum taxes and ;41 is the stochastic discount factor for one-
period ahead nominal payoffs relevant to the domestic household. All the previous
variables are expressed in units of domestic currency.
We assume that households have access to a complete set of contingent claims,
traded internationally, and that they take the level of government purchases as given.
The optimal allocation of any given expenditure within each category of goods

yields the demand functions:

Cra(j) = (H{P—t;tj)) B Cur 5 Cu(j)= (%@) B Cit (5)

)

1
for all i, j € [0,1], where Py, = (fol Prg.(5)t= dj) " is the domestic price index (i.e.,

an index of prices of domestically produced goods) and P;; = ( fol Pi(j)e dj) s
a price index for goods imported from country i (expressed in domestic currency), for
all 7 € [0,1]. Tt follows from (5) that fol Pyi(j3) Cu4(j) dj = Py Cpgy and fol P4(j)
Ci,t(j) dj = Pi,t Ci,t .

Furthermore, the optimal allocation of expenditures on imported goods by country

of origin implies:



P\ "
Ciy— (P—) Cr (6)

for all ¢ € [0, 1], and where Pp; = < fol P di)m is the price index for imported

consumption goods, also expressed in domestic currency. Notice that (6) implies that

we can write total expenditures on imported goods as fol Py Ciy di = Pry Cpy
Finally, the optimal allocation of expenditures between domestic and imported

goods is given by:
PH,tCH,t = (1 - Oé) F,C, ; PF,tCF,t =a PG (7)

where P, = Py ' “Pr;* is the consumer price index (CPI). Notice that parameter a
corresponds to the share of domestic consumption allocated to imported goods. It is
also in this sense that a represents a natural index of openness.

Accordingly, total consumption expenditures by domestic households are given by

Py, Cry + PpCry = P,Cy. Thus, the period budget constraint can be rewritten as:
P, Ci+ E{Qtt11 Dip1} < D+ W, Ny + T, (8)

In what follows we specialize our specification of preferences in two ways. First,

we let period utility take the form

1+

U(CtaNtaGt;Xt> ElOgCt+Xt IOth_ 1:_@ (9)

which is consistent with balanced growth. Secondly, we restrict our analysis to the
case of a unit elasticity of substitution between goods produced in different foreign

countries, i.e., n = 1. In that case we have

1
DPFry :/ Dit di
0

where pp; = log Pr; and p;; = log P, ;.
Then we can rewrite the remaining optimality conditions for the household’s prob-

lem as follows:

Ct NQP_— (10)

which is a standard intratemporal optimality condition, and

AYEAY
(&) () <o

Taking conditional expectations on both sides of (11) and rearranging terms we

obtain a conventional stochastic Euler equation:



s () () -

where R; = is the gross return on a riskless one-period discount bond paying

1
Ei{Qt,t+1}
off one unit of domestic currency in ¢ + 1 (with E; {Q;++1} being its price).

For future reference it is useful to note that (10) and (12) can be respectively

written in log-linearized form as:

Wy — Pt =C+ Q Ny
e = EB{cip} — (re — BE{mea} — p) (13)

where lower case letters denote the logs of the respective variables, p = 7' — 1 is the

time discount rate, and m; = p; — p;_1 is CPI inflation (with p; = log F;).

2.1.1 Some Definitions and Identities

Before proceeding with our analysis of the equilibrium we introduce several assump-
tions and definitions, and derive a number of identities that are extensively used
below.

We start by defining the bilateral terms of trade between the domestic economy

and country i as §;; = P;tt’ i.e. the price of country i’s goods in terms of home

goods. The effective terms ;)f trade are thus given by

P
St _ Fit
Py

1
= €xp / (pi,t _pHJE) di
0

1
= exp/ si¢ di
0

where s;; = log S;;. Equivalently, we have s; = fol si¢ di, where s; = log S,

Notice also that the CPI and the domestic price levels are related according to:

Pt:PH,tSZl

which can be written in logs as

Dt = PHyi + QS (14)

where s; = pp; — pu denotes the (log) effective terms of trade, i.e., the price of
foreign goods in terms of home goods.



It follows that domestic inflation — defined as the rate of change in the index
of domestic goods prices, i.e., Ty = pui+1 — pae — and CPl-inflation are linked

according to:

Ty = THE + ASt (15)

which makes the gap between our two measures of inflation proportional to the percent
change in the terms of trade, with the coefficient of proportionality given by the index
of openness «.

We assume that the law of one price holds for individual goods at all times (both
for import and export prices), implying that P;,(j) = &, P},(j) for all 4, € [0, 1],
where &;; is the bilateral nominal exchange rate (the price of country i’s currency in
terms of the domestic currency), and Pjt( j) is the price of country i’s good j expressed

in the producer’s (i.e., country i’s) currency. Plugging the previous assumption into
1

the definition of P;; one obtains P,; = & P;,, where P}, = (fol Pl,(j)' dj) T

(2

turn, by substituting into the definition of Pr; we obtain:

1
PRt = / (eie +piy) di
0

= et‘i‘p:

where e; = fol eix di is the (log) nominal effective exchange rate, p;, = log P}, is
the (log) domestic price index for country i (expressed in terms of its currency), and
pf = fol pi, di is the (log) world price index. Notice also that for the world as a
whole there is no distinction between CPI and domestic price level, nor for their
corresponding inflation rates.?

Combining the previous result with the definition of the terms of trade we obtain

the following expression:

St = €+ P; — DHy (16)

Next, we derive a relationship between the terms of trade and the real exchange
rate. First, we define the bilateral real exchange rate with country ¢ as Q,; = &%f’i’,

i.e., the ratio of the two countries CPIs, both expressed in domestic currency. Let

G = fol ¢it di define the (log) effective real exchange rate, where ¢;; = log Q;. It

3Notice that, while the law of one price holds at the level of each traded variety, bilateral PPP
does not hold due to the presence of home bias in consumption.



follows that

1
Q@ = / (€ir +p; —p1) di
0

= e +p;—p
= St T PHt— Pt
= (1-a)s

2.1.2 International Risk Sharing

Under the assumption of complete securities markets, a first order condition analogous

to (11) must also hold for the representative household in any other country, say

Ct P &l
e (7) (50 -« :
Cii Pl t+1 Al {17

Combining (11) and (17), together with the real exchange rate definition it follows
that:

country i:

Ci=19; C Qi (18)

for all 4 € [0,1] and all ¢, and where ¥; is a constant which will generally depend
on initial conditions regarding relative net asset positions. Henceforth, and without
loss of generality, we assume symmetric initial conditions (i.e., zero net foreign asset
holdings and an ex-ante identical environment), in which case we have ¥; = ¥ = 1

for all 7.*

Taking logs on both sides of (18) and integrating over ¢ we obtain

¢ = ¢ +q (19)
= ¢+ (1—-a)s
where ¢ = fol ¢l di is our world consumption index. As usual, the assumption of

complete markets at the international level leads to a simple relationship linking

domestic consumption with world consumption and the terms of trade.

2.2 Allocation of Government Purchases

One of the central objectives of the present paper is to analyze the optimal deter-

mination of the level of government spending under alternative monetary policy and

4On'e can easily show that in the symmetric perfect foresight steady state we also have that
C=C"=C*and Q; =S8; =1 (i.e., purchasing power parity holds), for all i. See GM-I for details.



exchange rate regimes. Nevertheless, in all the cases considered below, it is assumed
that whatever the aggregate level of government spending Gy, the quantities of each
type of good purchased by the government are chosen in order to minimize total cost

fol P +(j)Gi(j) dj. This yields the following set of government demand schedules:

Notice that government demand is completely biased towards domestically-produced
goods.® An equivalent way to think of G, is in terms of a bundle of differentiated
goods assembled in a final good via the production function (3) and entering the
utility function as an externality. In addition, and in order to focus our attention
on the determination of aggregate government spending, we assume that the latter is

financed by means of lump sum taxes.

2.3 Firms
2.3.1 Technology

A typical firm in the home economy produces a differentiated good with a linear

technology represented by the production function
Yi(4) = Ar N:(j) (20)

where a; = log A; follows the AR(1) process a; = p, a;—1 + €%, and j € [0,1] is a
firm-specific index. Hence, the real marginal cost (expressed in terms of domestic

prices) will be common across domestic firms and given by
mcy = —V -+ w, — PHt — W4

where v = —log(1 — 7), with 7 being an employment subsidy whose role is discussed
later in more detail. E

Let Y, = [ fol Y;(j)l—é dj] o represent an index for aggregate domestic output,
analogous to the one introduced for consumption. It is useful, for future reference,
to derive an approximate aggregate production function relating the previous index

to aggregate employment. Hence, notice that

! N .. Y Z
N, = / N(j) dj = ;1 ¢ (21)
0 ¢

5For OECD countries, there is large evidence of home bias in government procurement. See for
instance Trionfetti (2000) and Brulhart and Trionfetti (2004).

5For instance, one may think of the government buying intermediate goods, such as tanks and
military gears, and assembling them in a final public good called ”defense”, which yields a utility
flow.



where Z; = 1Ytt dj. In the Appendix we show that equilibrium variations in
2 = log Z; around the perfect foresight steady state are of second order. Thus, and

up to a first order approximation, we have an aggregate relationship

Yp = Gy + Ny (22)

2.3.2 Price setting

We assume that firms set prices in a staggered fashion, as in Calvo (1983). Hence,
a measure 1 — 6 of (randomly selected) firms sets new prices each period, with an
individual firm’s probability of re-optimizing in any given period being independent
of the time elapsed since it last reset its price. As shown in Gali and Monacelli (2004),
the optimal price-setting strategy for the typical firm resetting its price in period ¢
can be approximated by the (log-linear) rule:

Pr: = i+ (1—30) Z ¥ E{meiir + prat (23)
k=0

where Py, denotes the (log) of newly set domestic prices, and p = log ( ) which
corresponds to the log of the (gross) markup in the steady state (or, equivalently, the
optimal markup in a flexible price economy).

Hence, we see that the pricing decision in our model (as in its closed economy
counterpart) is a forward-looking one. The reason is simple and well understood by
now: firms that are adjusting prices in any given period recognize that the price they
set will remain effective for a (random) number of periods. As a result they set the
price as a markup over a weighted average of expected future marginal costs, instead
of looking at current marginal cost only. Notice that in the flexible price limit (i.e.,

as f — 0), we recover the familiar markup rule Dy, = p + mc; + pa,.

3 Equilibrium

3.1 Aggregate Demand and Output Determination

3.1.1 Consumption, Output and Government Spending in the Small Open
Economy

The clearing of goods markets market requires

10



mﬁ=:QMﬁ+lCh@m+GM) (24)

PO oo (Ft) o [ (Bt) e
= (el 1— + T ) di G
(fht M=o p ) o) \Thy, ) 4t

for all j € [0,1] and all ¢, where C}ﬂ(j) denotes country ¢’s demand for good j

produced in our small open economy. Notice that the second equality has made use

of (7) together with our assumption of symmetric preferences across countries, which
. N\ —€ -1
implies Cj,(j) = o (262) ™ (£22) .

Py ¢

£

1

Plugging (24) into the definition of aggregate domestic output Y; = [ fol Yi(j )1_% dj} .

we obtain:
PtCt> /1 <5itPZ f) :
Y, = (1- + . di +G 25
P M(Ru o TP )T 29)
1
= Sta |:<]. - Oé) Ct +Oé/ Qi,t CZ d2:| +Gt
0
- Ct Sta + Gt

where the last equality follows from (18).

Before we proceed with our analysis we find it convenient to introduce the fol-

Gy
Y

output. Much of the analysis below makes use of a monotonic transformation of -,

lowing variables. First, we let v, = 3t denote the share of government spending in

given by
g = —log(1 =)

The latter transformation allows us to derive a log-linear version of the market clearing
condition (25)
Yo =C+ g+ sy (26)

Notice that a condition analogous to the one above will hold for all countries.
Thus, for a generic country i, it can be written as y! = ci + gi + « si. By aggregating

over all countries we can derive a world market clearing condition as follows
1 .
o= [ da
0
- / (& +gi +asl) di
0
1 . .
~ [ Cra)di=c g (27)
0

11



where y;, c¢;, and g; are indexes for output, consumption, and government spending
at the world level, and where the third equality follows from the fact that fol st
di = fol(eé +pf —piy) di = 0.

Combining (26) with (19) and (27), we obtain:

Y = ¢ + g: + S (28)

Finally, combining (26) with Euler equation (13), we get:

vy = Edye} — (re — B{mia}t — p) — BE{Aga} — o E{Asia} (29)
= By} — (re — BE{mmgit — p) — E{Agria}

3.2 The Supply Side: Marginal Cost and Inflation Dynamics
3.2.1 Marginal Cost and Inflation Dynamics in the Small Open Economy

In the small open economy, the dynamics of domestic inflation in terms of real
marginal cost are described by an equation analogous to the that associated with

a closed economy. Hence,

THt = ﬁ Et{T"H,tJrl} + A 77//L\Ct (30)

where \ = w.7

The determination of the real marginal cost as a function of domestic output in
the small open economy differs somewhat from that in the closed economy, due to
the existence of a wedge between output and consumption, and between domestic

and consumer prices. We now have

me = —v+ (W —pat) — @
= —v+(w —p) + (pe — prt) —
= Vvtcoagtent+as—a

= —v+gt+eoyut+si—1+¢) a (31)

where the last equality makes use of (22) and (19). Thus, we see that marginal cost is
increasing in the terms of trade and world output. Both variables end up influencing
the real wage, through the wealth effect on labor supply resulting from their impact
on domestic consumption. In addition, changes in the terms of trade have a direct

effect on the product wage, for any given real wage. The influence of technology

"Details of the derivation can be found in GM-I.

12



(through its direct effect on labor productivity) and of domestic output (through its
effect on employment and, hence, the real wage—for given output) is analogous to
that observed in the closed economy.

Finally, using (28) to substitute for s;, we can rewrite the previous expression for
the real marginal cost in terms of domestic output and productivity, as well as world

output:

mey=—v+(14+¢) v —g — (14 ¢) a (32)

Notice that, for a given level of output, an increase in g; crowds out domestic con-
sumption and generates a real appreciation, which in turn reduces the real marginal

cost.

3.3 Equilibrium Dynamics: A Canonical Representation

In this section we show that the log-linear equilibrium dynamics for the small open
economy have a representation in terms of output gap and domestic inflation analo-
gous to that of its closed economy counterpart. That result, first shown in Gali and
Monacelli (2004), is shown here to carry over to the case of a small open economy
with government spending.

Let us define the domestic output gap 3, as the deviation of (log) domestic output
Y, from its natural level 7j,, where the latter is in turn defined as the equilibrium level
of output in the absence of nominal rigidities, and conditional on the optimal choice
of fiscal variable g, (to be determined later), while taking as given world output y;.

Formally,

Yt =Y — Yy
The domestic natural level of output can be found after imposing mc; = —pu for

all ¢ and solving for domestic output in equation (32):

1
7, = — 3 33
Ye +ap + 1+¢o 9t (33)

Under the assumption that g, is a function of exogenous variables only (as shown
below), it then follows from (32) that the domestic real marginal cost and the output

gap will be related according to:

me; = (1+¢) 4 — G
where g; = ¢g; — 7, denotes the gap between the fiscal variable g; and its optimal value

in the absence of nominal rigidities. For convenience we refer to g; as the fiscal gap.

13



Combining the previous expression with (30) one can derive a so called New
Keynesian Phillips Curve for the small open economy in terms of the output and

fiscal gaps:

Tt =0 By} + 80— A G (34)

where K = A (1 + ¢).
Using (29) it is now straightforward to derive a version of the dynamic IS equation

for the small open economy in terms of the output gap:

U = By} — (1o — E{mgeia} — 1) — E{AG1} (35)

where

™ = p+ E{AY 1} — E{AG}

@ —
= p+ E{Aay1} — m Et{AgtH}

is the small open economy’s natural rate of interest (conditional on optimal provision
of public consumption goods). Notice that under our assumptions {77} is indepen-
dent of the monetary or exchange rate regime.

Integrating forward one can express the current output gap as a function of the
current fiscal gap and (as usual) the present discounted value of the deviations of the

real interest rate from its natural level:

Y= Gt — Z BTtk — THtrk1 — Tk} (36)
k=0

4 Optimal Fiscal and Monetary Policies for the
Small Open Economy

In this section we derive and characterize the optimal fiscal and monetary policy
regime for the small open economy, under the assumption of an independent, opti-
mizing central bank. We want to think of that environment as a benchmark for our
later analysis of the implications of the adherence of the same economy to a monetary

union.

4.1 The Social Planner’s Problem

Let us start by characterizing the optimal allocation from the viewpoint of a social
planner facing the resource constraints to which the small open economy is subject in

equilibrium (vis a vis the rest of the world), given our assumptions. In that case, the

14



optimal allocation maximizes the utility of the domestic household subject to: (a)
the set of technological constraints (20) and (b) the consumption/output possibilities
set implied by the international risk sharing condition (18).

First, it is clear from (21) that the social planner will choose to equate the quanti-
ties produced of the different domestic goods, in which case the aggregate relationship
Y, = AN, will hold.

Notice that under our assumptions (19) and (25) imply the exact expression
Cr=[Yi = GJ™(Cp)" (37)

Hence the optimal allocation from the viewpoint of the small open economy (i.e.,
taking world output as given) must maximize (9) subject to (37) and Y; = A;V;. The

optimality conditions are:

(1-a) N7

Y: — G v,
_(1_()‘)_'_&:0
i—G Gy

which in turn imply
Ni=(1—a+x)T7
Xt
G, = Y, ————
! "1—a+ Xt
= Yi(x)

Using the transformation g, = — log(1— %’f), we can determine the form of the optimal

9(x;) = log (1 + IXt )

—

fiscal rule

4.2 The Flexible Price Equilibrium

Consider next the equilibrium with flexible prices. Letting variables with an upper
bar denote the corresponding values under the flexible price equilibrium, we must

have:

1—1 - MC,:
€
1—7) = — 1o}
— (At )CthSt
(1—7')——90?15—615
= C —
At ' ! Ct
1+



where 7, = %
t

It is now éasy to derive conditions that guarantee that the allocation under flexible
prices will correspond to the optimal allocation derived above. First, the subsidy 7

should satisfy
1
1-7)(1-a)=1--
€
Secondly, the share of government spending in output must satisfy the optimal rule,

that is

— Xt
- At 38
e 1—a+x, (38)
= v(xy)

If both conditions are satisfied, it is easy to check that the flexible price equilibrium
will attain the optimal level of employment and output, while generating an efficient
provision of public goods. The dependence of the steady state subsidy on 1 — % (i.e.,
the reciprocal of the gross markup in the steady state) has to do with the desire to
eliminate the distortion associated with the presence of market power, as in the closed
economy setup of Rotemberg and Woodford (1999). Yet, as noted, among others, by
Corsetti and Pesenti (2001), in an open economy there is an additional factor that
distorts the incentives of the monetary authority (beyond the presence of market
power): the possibility of influencing the terms of trade in a way beneficial to domestic
consumers. This possibility is a consequence of the imperfect substitutability between
domestic and foreign goods, combined with sticky prices (which render monetary
policy non-neutral). That mechanism underlies the dependence of the required 7 on
the degree of openness o. As in Benigno and Benigno (2003) our subsidy exactly
offsets the combined effects of market power and terms of trade distortions in the
steady state. That assumption rules out the existence of an average inflation (or
deflation) bias, and allows us to focus on policies consistent with zero average inflation,

in a way analogous to the analysis for the closed economy found in the literature.?

4.3 Optimal Policy Implementation

From the analysis above it is clear that, in the absence of constraints on monetary
policy, a small open economy policymaker seeking to maximize the utility of the
domestic household (while taking as given external developments) will conduct fiscal

and monetary policy according to the following principles:

8The fact that 7 is decreasing in a suggests that the incentive to offset the market power dis-
tortion, on the one hand, and the terms of trade motive, on the other, tend to mutually offset.
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(a) Fiscal policy must guarantee that the flexible price equilibrium allocation
corresponds to the optimal one (from the viewpoint of the small open economy).
That requires setting a constant subsidy/tax

1
n(l—a)

and a value for the government spending index given by

T=1-—

g = 9(x;)
~ §+§X Ct

= G
where 7= g(x), 7, = ¢'(x) = (1 —a+x)7", and {; = x; — x.

(b) Monetary Policy must guarantee that the equilibrium allocation corresponds
to the one associated with the flexible price equilibrium. As discussed in GM-I that

objective can be achieved by following a rule of the form:

Ty =TTt + Q@ THy

where under our assumption of exogenous AR(1) processes for {a;} and {(,} with

corresponding AR coefficients p, and p, we have:

_ @
T =p—(1—p,) aﬁ—’;(l—pg) ¢

In that case, and under the assumption that ¢ > 1, the equilibrium will be locally
unique and will correspond to the solution to the system of difference equations (34)-

(35) given by ¥y = g: = mp = 0 for all £.

5 Optimal Fiscal and Monetary Policy Design in
a Monetary Union

So far we have analyzed the optimal setting of fiscal policy from the viewpoint of a
small open economy endowed with an independent monetary authority. We now turn
to the characterization of the optimal fiscal-monetary regime when each small open
economy relinquishes its own monetary policy independence and, for reasons that we
treat as exogenous, decides to join a monetary union. In this setting, while monetary
policy is conducted in a centralized fashion, each member country is assumed to
maintain the autonomy of its own fiscal policy. Importantly, we wish to analyze here
the optimal joint policy regime that is able to maximize the welfare of the currency

union as a whole.
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5.1 The Social Planner’s Problem
The union’s optimal allocation problem can be described in terms of the following
setup:
max [ U(CL N Gl di
0
subject to the technological and resource constraints

v/ = A N;

1
Yi=Ci+ / Cl, dj + G
0

for all i € [0, 1].
Under our specification of the utility function, the optimality conditions for the
above problem are:

l—a 1& X

for all ¢ € [0, 1].
Multiplying both sides by N} we get

(N =]

We guess and verify that for all i € [0, 1] the solution is given by:

. L
Ni=(1+x)™ (39)
4 1— . 1—a) A
Cli=t— Oy 1m0 d (10)
' 1+ i (1+X2)1+W
) ) Al
= V=T A (41)
ol T
‘ i . i Al
G = Y = (42)
R (1+xi)™

Notice that the latter condition implies that the optimal share of government

spending in each member country from the view point of the union is now:

i Xi
t
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with the corresponding transformed fiscal stance indicator given by
g(x¢) = log (1 +x})

5.2 The Flexible Price Equilibrium

Consider next the equilibrium with flexible prices. The analysis from the previous

section implies

1 _—
1—-- = MC,

i =i\ (AN

= (1 =T ) (1 - 'Vt) (Nt>1+w
We can now easily derive the conditions that guarantee that the allocation under
flexible prices will correspond to the union’s optimal allocation. First, the subsidy 7°

must satisfy
== (43)

Secondly, the share of government spending in output must satisfy the optimal

rule, that is

o= T (44)
= 7(xt)

If both conditions are satisfied for all i € [0, 1], the flexible price equilibrium will
yield the level of employment and output in each country that is optimal from the
union’s perspective.

Two aspects are worth emphasizing concerning conditions (43) and (44). First, in
this case the size of the subsidy is not affected by any desire to influence the terms of
trade in one’s favor, for that goal cannot be attained by all countries simultaneously, a
constraint that is now internalized. Second, by comparing (44) with (38), one notices
that, in any given country, the share of government spending which is optimal from
the individual country’s perspective is larger than the one perceived to be optimal
from the perspective of the union as a whole. This positive spending bias is the
result of the lack of coordination among each member country’s fiscal authority. In
fact, when o > 0, and taking other countries’ fiscal authority behavior as given, each
country has an incentive to use government spending to generate a welfare-improving
appreciation of its own terms of trade. Yet in a Nash equilibrium where all the fiscal
authorities behave in identical fashion, all bilateral terms of trade remain unchanged,

thereby producing an inefficient level of government spending.
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Notice also that optimal government spending from the individual country per-
spective coincides with the one that is optimal from the perspective of the union
as a whole only in the case of @ = 0, namely when the absence of trade linkages
among member countries precludes relative price adjustments. As a result, in our
context, a social planner responsible for maximizing welfare at the level of the union
wishes to implement fiscal policy in each individual country as if each same country
corresponded to a closed economy.

5.3 Optimal Policy in the Monetary Union in the Presence
of Nominal Rigidities

When all countries in our world economy adopt a single currency (i.e., when they form
a monetary union) and relinquish an independent monetary policy it will generally
be impossible to attain the optimal allocation when price rigidities are present. The
reason is simple and well understood: the sluggish adjustment of prices, combined
with the impossibility of any adjustment in the nominal exchange rate, implies that
the changes in relative prices required to support the optimal allocation will not occur
instantaneously. As a result, the union as a whole will experience some deviations
from that optimal allocation which will generate some welfare losses.

In the Appendix we show that a second order approximation to the sum of those
welfare losses, expressed as a fraction of steady state consumption can be written as
follows:

% 1
w5008 [ |5 @ e s @ (5) @ dirins ool
=0 (45)

where t.i.p denote terms that are independent of policy and o(||a||*) represents terms
that are of order third or higher in the bound ||a|| on the amplitude of the relevant
shocks. In the notation above, 7T,it, yi and g denote, respectively, domestic (producer)
inflation, output gap and fiscal gap in a generic country ¢ belonging to the union.

It follows that the optimal (monetary and fiscal) policy at the level of the union
will consist in a set of processes {m,, i, gi} maximizing (45) subject to the set of

constraints:

Moo = B BT} + 5 7, — A G, (46)
?It[ = Et{@zﬂ} —(ry — Et{”ﬁ,tﬂ} - Wi) - E,{A@ZH} (47)
for all ¢ € [0, 1]
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5.3.1 Discretion

In the absence of a commitment device, optimal policy requires minimizing the period

loss function

1
€ i ~i LY :
[ 15 @ ave @ee (3) @) @
0 X
subject to the set of constraints

=M1+ U —Ag + [ (48)

=0+ N (49)
for alli € [0,1], where f{ = 3 Et{ﬂ-é,tJrl} and hi = Et{gz+1}_Et{§§+1}+Et{W§,t+1}_¢i
are taken as given by the policymaker in the discretion case, and where

Yy = (r; =77 (50)
is the interest rate gap, a measure of the asymmetry between the nominal interest rate
prevailing in the monetary union and the natural rate of interest in the representative
domestic economy.

The first order conditions of this problem read as follows:
~i LY & i
) it () Tt vl =0 (51)
and
1 .
ry :/ T dj =TT} (52)
0

Rearranging (51) one obtains a set of fiscal policy rules for all i € [0, 1]:

g =—(1+¢)x 7 —epx m, (53)

Hence the set of conditions (52) and (53) characterize a jointly optimal monetary-
fiscal regime for the union as a whole under a Markov-perfect solution. Equation (52)
requires that the nominal interest rate at the level of the union be set in order to
equate the average natural rate of the member countries. Equation (53) describes the
optimal fiscal rule under discretion. That rule implies that public spending should
deviate from its natural level (i.e., the level consistent with the optimal provision
of public goods) whenever inflation or the output gap (or both) deviate from their
optimal levels. Notice that in that case, optimal fiscal policy involves leaning against
the wind, thus generating a “stabilizing” role, beyond that of an efficient provision
of public goods.
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It is worth noticing that public consumption yielding utility is a necessary con-
dition for generating, in equilibrium, deviations from the optimal provision of public
goods. In fact, from equation (53), one can see that in the case of y = 0 the opti-
mal fiscal rule collapses to the special case gi = 0 for all ¢ and 4, exactly like in the
small open economy (and independent monetary authority) case analyzed above.’
On the other hand, the latter example suggests that public consumption yielding
utility, although necessary, is not a sufficient condition for generating a role for fiscal
stabilization as a part of an optimal policy. This requires the additional constraint

of monetary policy independence being relinquished.

Notice that the implied inflation dynamics under the optimal discretionary policy
take the form:

(1= Xepx) miy = B E{migya} +w(1+x) % (54)
On the other hand we can combine the optimal discretionary rule with the IS equation

to obtain:

S (e N o Iteex N ooy (1 g
U= Bt} (1 +(1+ w)x) W”t+(1 +(1+ so)x) et (1 +(1+ w)x)

(55)

where

V! =77 — T (56)
is the natural interest rate gap, a measure of the deviations of the natural rate of

interest in country ¢ from its average counterpart in the union.

5.3.2 Fluctuations in the Natural Rate Gap

It is of particular interest, in our context, to analyze the optimal behavior of fiscal
policy in response to fluctuations in the natural interest rate gap ¥:.19 With that goal,
and without loss of generality, we assume that W! follows a univariate autoregressive

process

9Notice that in the independent small economy case it does not matter whether or not prices
are sticky. In that case, in fact, the flexible price allocation is always feasible thanks to exchange
rate flexibility (matters would of course be different if nominal wages, as well as prices, were sticky).
Hence, in the monetary union case, movements in the fiscal gap act as a substitute of nominal
exchange rate flexibility.

10 Alternatively, one may think of variations in Wi as originating from idiosyncratic shocks to
productivity ai and/or to the marginal utility of government consumption xi. These shocks would
equivalently generate an asymmetry between the union-wide natural rate and the natural rate of
interest of the representative member economy.
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U= p" U +ef (57)

where gip is an iid shock. In our analysis, movements in the natural rate gap act as

a proxy of asymmetric disturbances. The presence of idiosyncratic deviations of the
natural rate in country i from the union’s average is central in generating the need

for relative price adjustments in equilibrium.

In our simulation analysis we employ the following parameterization. We assume
@ = 1, which implies a unitary labor supply elasticity, and a value for the steady-
state markup p = 1.2, which implies that e, the elasticity of substitution between
differentiated goods, is 6. Parameter 6 is set equal to 0.75, a value consistent with an
average period of one year between price adjustments. We assume S = 0.99, which
implies a riskless annual return of about 4 percent in the steady state. We set a
baseline value for o (or degree of openness) of 0.4. Finally we set v = 0.25, which
corresponds to the average value of the ratio of government consumption to GDP in
European countries.

Figure 1 displays, for alternative values of the persistence parameter p,,, impulse
responses of domestic inflation wﬁ’t, output gap yN,% and fiscal gap §§ to a one percent

positive innovation in the natural rate gap.
[Figure 1 about here]

Thus we can see that, as a result of the natural rate of interest falling below the
union average, the output gap in the representative economy falls below its efficient
value, thereby inducing a fall in inflation. For both output gap and inflation are
now below their efficient values, the fiscal policy response in each country calls for an
expansion in the fiscal gap, which gradually conveys output gap and inflation back
to their steady state (efficient) values.

These dynamics are representative of one of our main results. Hence we see that an
optimal fiscal policy requires, in the presence of idiosyncratic variations in the natural
rate of interest, persistent deviations of government spending from its efficient value
(consistent with flexible prices and optimal provision of public goods). Interestingly,

these deviations inherit the degree of persistence in the natural rate gap W!.

6 Conclusions

We believe two are the main conclusions that can be drawn from the present analysis.
First, the paper offers a methodological contribution towards the definition of a new

paradigm suitable for the study of macroeconomic policy in a multicountry setting,
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and - in particular - in the presence of a currency area regime characterized by
centralized monetary policy and decentralized fiscal authorities. Second, it shows
that despite this joint monetary-fiscal regime being designed in order to maximize
the welfare of the union as a whole, optimal fiscal policy in each member country
calls, in equilibrium, for a macroeconomic stabilization role that goes beyond the one
consistent with the optimal provision of public goods.

Our setting suggests a natural series of extensions to be addressed in future re-
search. We foresee this as an important challenge for the definition of a new theo-
retical framework for policy analysis in a monetary union. Such extensions should
allow for a role of sticky wages (in particular when addressing policy issues related
to EMU), as well as for a richer characterization of the fiscal sector, featuring a role

for distortionary taxes and/or government debt policy.
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Appendix: Derivation of the Welfare Loss Function
for the Union

In the present appendix we derive a second order approximation of the sum of the
union’s consumers utility about the optimal allocation for the union (which, as shown
above, corresponds to the flexible price allocation with an appropriate employment
subsidy in all countries). For notational convenience we ignore country superscripts
when not needed.

First, notice that utility derived from consumption can be expressed as

logC} = ¢ +7c
1
— (-0 @'z—@%)m/ a4
0

where o(||a||*) refers to terms of third or higher order. Notice that in deriving the
second equality we have made use of the logarithmic version of (37), and the fact
that y; is taken as exogenous by the small economy’s monetary authority.

Similarly, turning to the disutility of labor we have

N1+90 Nl—H’O —l+¢ |~ 1 ~ 3

The next step consists in rewriting the previous expression in terms of the output
—&
gap. Using the fact that V; = <Yt> fo (PH’“ ) di , we have

Pp ¢

ne =Y + 2

where z; = log fol (%{“)7 di. The following lemma shows that z; is proportional

to the cross-sectional distribution of relative prices (and, hence, of second order).

Lemma 1: z = 5 vari{pm:(i)} + O(HaH?’).
Proof: Let pu (i) = pu+(i) — pas. Notice that,

(P) = opfr — o) et

2
Bra(i)? + o([lall*)
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A\ 1—¢
Furthermore, from the definition of Py, we have 1 = fol (Pg;(:)) di. Hence,

it follows that
(-1)

2

Eilpu:(i)} = Ed{Dpu.(1)*}

. —&
In addition, a second order approximation to <P}.’f"Tt(:)) , yields:

s

Pyo(i)\ o B
( ;,t( )) —1—¢ pH,t(” + Bl pH,t(Z)2 + 0(||CL||3)
H.t

Combining the two previous results, it follows that

1 P . —€ R
/ (H—t(”) di = 1+5E¢{pH,t(z')2}
0 PH’t 2

S .
= 1+ 3 vari{pmu+(i)}

from which follows that z, = £ var;{pm(i)} + o(fla|l?).

We can thus rewrite the second order approximation to the disutility of labor as:

N}t N e [ 1
N X W [ 300 7] ool
=1+ 1
= T st [ a3 ] +ollol)

where the second equality uses the fact that under the optimal subsidy scheme as-
sumed, Ntl Yo1-a+ X, holds for all ¢.

Similarly, we have

G ~
logGy = log (—t> + 1y +tap

Y,
= log (1 —exp{—g}) + 4+ tip
1 - 725 ~ 1 1 - ﬁt ~2 ~ . 3
= — G —=——=— G, + i+ tip +o(a]’)
Vi 2 ’7? !

Accordingly, the utility generated by public spending can be approximated by

Y logG, = — logG,
1 -7
~ 11 ~9 ~ . 3
= G524 + X; U+ ti.p. 4+ o(|a]”)

Collecting terms we obtain:
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1
i ATE i i ~i i i 1 11
VNG = —a Gi-T)+a [ F -0 st 5040 7] - 52 7
0
+t.i.p. + 0(Ha||3)
Furthermore we have:
Lemma 2: 302, B' vari{pm(i)} = % S8 W%{’t, where \ = %01_69)
Proof: Woodford (2001, NBER WP8071), pp 22-23.
Collecting all the previous results, we can write the second order approximation
to the utility of the representative consumer in economy i as follows:
i ~i o~ o1 oot5¢2 ~iv2 (L)
W= —a@-g)to | ddi-50+x)) 8 |5 @)+ +e) @)+ 2) @
0 t=0

: 3
+t.i.p. + of||al”)
Integrating over all economies and using the world resource constraint fol (g —ci—

g!) di = 0 we obtain equation (45) in the text.
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Figure 1. Impulse Responses to a Rise in the Natural Interest Rate Gap under Discretion
Domestic Inflation Output Gap
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