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Abstract

Within a small open economy we derive a tractable framework for the anal-
ysis of the optimal monetary policy design problem as well as of simple feedback
rules. The international relative price channel is emphasized as the one pecu-
liar to the open economy dimension of monetary policy. Hence flexibility in
the nominal exchange rate enhances such channel. We first show that a fea-
ture of the optimal policy under commitment, unlike the one under discretion,
is to entail stationary nominal exchange rate and price level. We show that
this property characterizes also a regime of fixed exchange rates. Hence, in
evaluating the desirability of such a regime, this benefit needs to be weighed
against the cost of excess smoothness in the terms of trade. We show that
there exist combinations of the parameter values that make a regime of fixed
exchange rates more desirable than the discretionary optimal policy. When the
economy is sufficiently open, this happens for a high relative weight assigned to
output gap variability in the Central Bank’s loss function and for high values of
the elasticity substitution between domestic and foreign goods. We draw from
this interesting conclusions for a modern version of the optimal currency area
literature.

*Prepared for " Exchange Rates and Business Cycles: A New Open Economy View”, J-O Hairault
and T.Sopraseuth eds, Routledge. Correspondence: IGIER Universita’ Bocconi, Via Salasco 3-5,
20135 Milan, Italy. E-mail: tommaso.monacelli@uni-bocconi.it.



1 Introduction

The aim of this work is to provide a tractable framework for the analysis of monetary
policy in a small open economy, both in terms of optimal design problem as well as
of simple feedback rules!. The discussion is framed within the so called New Open
Economy Macroeconomics (NOEM) paradigm. It draws insights from both the two
streams that currently characterize such literature. The first (seminal) one dates back
to the contribution by Obstfeld and Rogoff (1995) and is for the most part surveyed
in Lane (2000).2 The second stream of the NOEM literature is even more recent. In
its core it emphasizes a continuity with the closed-economy New-Keynesian synthesis
exemplified in the work of Rotemberg and Woodford (1999), Woodford (2002) and
Clarida, Gali and Gertler (2000). Three are the main features of this latter line of
work, although strongly complementary to the former. The first is the adoption of
the Dynamic Stochastic General Equilibrium framework as the workhorse of analysis.
The second feature is the specification of the price setting mechanism. Typically
such literature makes use of a staggered price-setting structure, which allows for
richer dynamic effects of monetary policy than those found in the models with one-
period advanced price-setting that are common to the earlier strand. Third, and
most importantly, monetary policy is modelled as endogenous, with a short-term
interest rate being the instrument of that policy. This approach to the specification
of monetary policy seems to accord well with the general consensus reached by roughly
twenty years of VAR literature on the effects of monetary policy shocks on the business
cycle? In a nutshell such literature de-emphasizes the role of the unanticipated
component of monetary policy as a source of business cycle fluctuations, placing
instead a lot of emphasis on its systematic component. Incidentally such approach
seems to accord much better with the practice of modern central banks of setting
interest rates as the instruments of policy by reacting to the current state of the
economy.

The open economy dimension lends it self as an ideal ground of application of
such an approach. In an open economy, in fact, exchange rate regimes matter. And if
indeed the specification of the monetary policy conduct is best represented in terms of

!This work relies heavily on previous joint work of mine with Jordi Gali whom I thank for
unvaluable insights. It also draws from earlier work by Clarida, Gali and Gertler (2001) who in turn
draw on Gali and Monacelli (2000) in the specification of their model.

2See, e.g., Obstfeld and Rogoff (1995, 1999), Corsetti and Pesenti (2001), Betts and De-
vereux (2000), and Bacchetta and Van Wincoop (1999). For an updated series of re-
cent contributions see Bryan Doyle’s New Open Economy Macroeconomics Homepage at
http://www.geocities.com/brian.m_doyle/open.html and the Benigno-Benigno-Ghironi page on
open economy interest rate rules at http://www.geocities.com/monetaryrules/mpoe.htm.

3For an excellent contribution see Christiano, Eichenbaum and Evans (2001).



systematic behavior, this holds a fortiori for the description of exchange rate regimes.
Fixed exchange rate regimes or, alternatively, currency areas, are in fact extreme
cases of pure endogeneity of monetary policy.

In this work we start by characterizing the benchmark setup, whose basic features
are complete pass-through of exchange rate movements to (import) prices and perfect
international risk-sharing. We then proceed by comparing a scenario in which the
monetary authority can commit to a certain future course of action with another in
which such commitment is unfeasible and the same monetary authority acts under
discretion. At first we recover a basic (well-known) result of this framework, namely
that, relative to the optimal policy under discretion, gains from commitment arise

4 In

in equilibrium as an effect of the purely forward-looking nature of inflation.
addition, the open economy dimension allows us to characterize the dynamic behavior
of the nominal exchange rate under the alternative regimes. We show that, in such a
context, the properties of the nominal exchange rate tend to mimic closely the ones
of the (producer) price level. In particular, and in response to a cost push shock,
the optimal solution under commitment entails a stationary exchange rate and price
level, while the same is not true under the time consistent policy.

After characterizing the optimal behavior of policy, we move on to a comparison
with an alternative regime, in which the authorities of the small open economy peg
their currency to the one of the rest of the world. We are interested in the following
point. If, on the one hand, the terms of trade channel of monetary policy is enhanced
by allowing the maximum exchange rate flexibility, it holds true that a regime of fixed
exchange rates requires per se some type of commitment. We first show that fixed
exchange rates entail the key property that characterize the optimal commitment
regime, namely stationary nominal exchange rate and price level. However, under
the baseline parameterization, it turns out that an exchange rate peg is dominated
by the optimal time consistent policy.

We then analyze in more detail the comparison of the fixed exchange rate regime
with the optimal benchmark. An exchange rate peg corresponds to the highest de-
gree of monetary integration. Hence it reproduces the situation of a small economy
relinquishing its monetary independence upon joining a currency area. We there-
fore explore whether the cost of relinquishing monetary independence varies with the
degree of openness of the economy. One key feature of our framework is that the
equilibrium volatility of international relative prices (the terms of trade) depends in-
versely on the degree of openness. This follows crucially from the source of deviations
from PPP in our model. Namely, the fact that preferences of the home and the for-
eign (world) representative consumers are asymmetric, with the latter holding only

*Woodford (2002), Clarida, Gali and Gertler (2000).




a negligible share of small economy’s goods in their consumption basket. Therefore
the degree of openness, from the view point of the small economy, is also an inverse
measure of the degree of asymmetry in preferences. It follows that the higher the
degree of openness the lower the terms of trade volatility required along the equilib-
rium, and the lower the loss stemming from relinquishing the exchange rate as an
adjustment tool.

While under our baseline parameterization the optimal time consistent policy al-
ways dominates fixed exchange rates, we show that, interestingly, the loss from relin-
quishing monetary independence is sensitive to two other key parameters: the relative
weight attached to output gap variability in the policy authority’s loss function and
the elasticity of substitution between domestic and foreign goods. In particular, we
analyze two deviations from the baseline case: a case in which the output gap weight
is high and a case of high international elasticity of substitution. In such cases we
show that, when the economy is sufficiently open, an exchange rate peg can outper-
form the optimal policy under discretion. We draw from this interesting conclusions
for a modern version of the optimal currency area literature.

The remainder of this paper is organized as follows. Section 2 contains the outline
of the model. Section 3 describes the optimal monetary policy design problem. Sec-
tion 4 analyzes the equilibrium dynamics implied by alternative monetary regimes.
Section 5 concludes.

2 A Small Open Economy Model

The domestic (small) economy is populated by infinitely-lived households, consuming

Dixit-Stiglitz aggregates of domestic (Cy) and imported (Cr) goods, and by domestic

firms producing a differentiated good. All goods are tradeable. In the following, lower

case letters indicate log deviations from steady state and capital letters indicate levels.
Let’s define C' as a composite consumption index:

Cr=|(1— Vﬁ C’H,tnTi1 + 7% CF,t%1 " (1)

with Cy and Cr being indexes of consumption of domestic and foreign goods.® Notice

>Such indexes are in turn given by CES aggregators of the quantities consumed of each type of
good. The optimal allocation of any given expenditure within each category of goods yields the
demand functions:

) P\ ° _ Pr (i) °

for all i € [0,1], where Py = (fol PH7t(i)1*5di)1_is and Pr; = (fol PRt(i)l*Edz’)Tls are the price in-



that under this specification 1 measures the elasticity of substitution between domes-
tic and foreign goods. The optimal allocation of expenditures between domestic and
foreign goods implies:

Pg\ " Pri\ "
Crry = (1-7) (—;“) G OF,t:v(—;t) C 2)
t t

where P, = [(1 — ) Py, ™" + *yPF,tl_"]Tlﬂ is the consumer price index (CPI).

We assume the existence of complete markets for state-contingent money claims
expressed in units of domestic currency. Let h' = {hq,....h;} denote the history of
events up to date t, where h; is the event realization at date t. The date 0 probability
of observing history A’ is given by 1,. The initial state h° is given so that 1(h°) = 1.
Henceforth, and for the sake of simplifying the notation, let’s define the operator
E{.} =32, ¥(h'1h') as the mathematical expectation over all possible states of
nature conditional on history A’.

The problem of the domestic household is to maximize

Et iﬁtU(Cb Nt)

t=0

subject to a sequence of budget constraints which, after considering the optimality
conditions in (2), can be written in units of domestic currency as

P,C + Z Vigr1Bii1(hep1) = WiNy + By + 74 (3)
het1
In equation (3) By is the market value (in units domestic currency) of a portfolio
of state contingent securities held at the end of period ¢, vy;y1 = v(h'T|h) is the
pricing kernel of the state contingent portfolio, N is labor hours, W is the nominal
wage and 7 are net lump-sum transfers/taxes. After ruling out Ponzi schemes the
first order conditions of the above problem can be described as follows. The efficiency
condition for the consumption-leisure choice is given by
Ueipt = ~Une )
where U., and U, ; denote the marginal utility of consumption and disutility of work
respectively. The price of the state contingent asset (for any state of the world) must
satisfy

dexes for domestic and imported goods respectively, both expressed in home currency. The elasticity
of substitution between goods within each category is given by € > 1.



Uer1 P,
Vigrl = wt,t-&-lﬁpﬁj (5)

where ¢, ,,; = ¥(s"[s'). By assuming a separable period utility of the form
Ol - ﬁ]\ftlw and recalling that the (gross) nominal interest rate can be pinned

-1
down via the arbitrage condition R, = (ZSM l/t7t+1> one can characterize the

above first order conditions in the convenient log-linearized form:

Wy —py =0+ o Ny (6)

o= B{cu} — = (e~ Bifmia}) (7)

In the rest of the world a representative household faces a problem identical to
the one outlined above. Hence a set of analogous optimality conditions characterize
the solution to the consumer’s problem in the world economy. As in Gali-Monacelli
(2002), however, the size of the small open economy is negligible relative to the rest of
the world, an assumption that allows to treat the latter as if it was a closed economy.

2.0.1 Pass-through, the Real Exchange Rate, and Deviations from PPP

Log-linearization of the CPI formula around the steady state yields:

pe = (1 =) pas + 7 Pry (8)

Producer inflation—defined as the rate of change in the index of domestic goods prices-
and CPI-inflation are linked according to

T =T+ Asy (9)

where s; = pr: — pu+ denotes the (log) terms of trade, i.e., the relative price of
imports. The treatment of the rest of the world as an (approximately) closed economy
(with goods produced in the small economy representing a negligible fraction of the
world’s consumption basket) implies that P = Py, and 7} = 7}, for all ¢, i.e., an
equivalence between producer and CPI inflation holds in the world economy.

This allows the change in the terms of trade to be written as:

As; = TFt — THt

= Aet + 7'(';;< — THy

In this context the real exchange rate and the terms of trade are related by a simple

expression:



QG = e +pi—ps (10)
= (1=7)s

Equation (10) deserves some comments. It stands clear that the source of deviation
from aggregate PPP in our framework is due to the heterogeneity of consumption
baskets between the small economy and the rest of the world, an effect captured by
the term (1—7)s,, as long as v < 1. For v — 1, in fact, the two aggregate consumption
baskets coincide and relative price variations are not required in equilibrium. This
will become more clear below when we illustrate risk sharing.

2.1 Producers

In the market of the domestic goods, there is a continuum of monopolistic competitive
firms (owned by consumers), indexed by i € [0,1]. They operate a constant return
to scale technology: Y;(i) = Z;N,(i), where Z is a total factor productivity shifter.
Cost minimization typically leads to the following efficiency condition for the choice
of labor input :

mey = (Wy — pEt) — 2 (11)

where mc indicates the real marginal cost (which is common across producers). In
the following, domestic (log) productivity is assumed to follow a simple stochastic
autoregressive process:

zp = pz1+ Gy (12)

where 0 < p < 1is a persistence parameter and , , is an i.i.d shock.

2.1.1 Pricing of domestic goods

Domestic firms are allowed to reset their price according to a standard Calvo-Yun
rule, which implies receiving a price signal at a constant random rate . Let then 6*
be the probability that the price set at time ¢ will still hold at time ¢+ k. Firm 7 faces
domestic and foreign demand. This kind of pricing technology leads to the following
log-linear equation for newly set domestic prices:

oo

iy = (1= 06) (80" Efmeecs + pmges) 1)

k=0

The domestic aggregate price index evolves according to:

7
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Pry = [0(Pre-1)' " + (1= 0)(Phg") ] (14)

By combining (13) with the log-linearized version of (14) one can derive a typical
forward-looking Phillips curve:

Tt = BEATHi1} + Ame (15)

where \ = %@1—,@9).

2.2 Risk Sharing and Uncovered Interest Parity

The existence of complete markets for nominal state contingent securities has impli-
cations for consumption risk sharing. Formally the marginal utilities of consumption
must be equalized across economies in equilibrium. This implies a log-linearized
condition:

L1
C = Ct+5qt (].6)

1 —
_ CH( Uv)

St

where ¢ is the intertemporal elasticity of substitution in consumption. Under com-
plete international asset markets it also possible to derive a standard log-linear version
of an uncovered interest parity condition

Ty — 7": = Et{Aet+1} (17)

It is easy to show that such an equation results from combining efficiency condi-
tions for an optimal portfolio of bonds by both domestic and foreign residents.

2.2.1 Labor Market Equilibrium and Domestic Real Marginal Cost

By combining (7), (11) and (16) one obtains, after aggregation, an equilibrium equa-
tion for the domestic real marginal cost (or inverse of the domestic markup), which
also expresses the equilibrium in the labor market:

me; = (wy —DpHt) — % (18)
= (wt - pt) + st — 2
= oy +oy — (1+ )z + s



Equation (18) shows that the domestic real marginal cost is increasing in domestic
output (through its effect on employment and therefore the real wage) and decreasing
in domestic technology (through its direct effect on labor productivity). However,
open economy factors as well affect the real marginal cost: world output (through
its effect on labor supply) and the terms of trade (through both its direct effect on
the product wage, for any given real wage, and the indirect labor supply effect on
consumption and the real wage).

2.3 Goods Market Equilibrium

It is first useful to consider log-linearized versions of the isoelastic demand functions.
In particular local and foreign demand for domestic goods can be written respectively:

cae = —N(Pme—p) +a (19)
= msita
Ce = NPy — i)+ (20)
n(pre — pus) + ¢
= nsi+c;

Finally, the demand for imports will read

cre = —N(pre—p) + (21)
= —n(l—=7)s;+¢

Goods market clearing implies y;(i) = (1 — ) cu.(i) + v ¢j (i) for any good i,and
by aggregating:
Yo = (1 =) cus +7 chy

By substituting the above demand functions we can rewrite the previous goods market
clearing condition as:

Y= (1 =)+ + (2 —v)se (22)

Hence one notices that, in the case of v = 0, namely the one of a closed economy, such
condition reduces simply to y; = ¢, i.e., to the typical resource constraint linking (in
the absence of investment and capital accumulation) aggregate output to aggregate
consumption.



Rearranging the previous condition by substituting (16) one obtains a relation
between relative output and the terms of trade:

* Ws
Ye Y =S (23)

where ws = 1+ (2 — v)(om — 1) > 0. Hence a rise of domestic output relative to
foreign output requires, in equilibrium, a real depreciation (i.e., a rise of s;). Notice
also that, if on > 1,

Qs g, oy (24)
Iy an
Hence the higher the degree of openness and the higher the elasticity of substitu-

tion between domestic and foreign goods, the smaller is the equilibrium adjustment
in relative prices required to absorb a given change in relative output. Consider now
a small economy joining a currency area. Such monetary arrangement implies the
relinquishment of the nominal exchange rate as a macroeconomic stabilization tool.
The implication of (24) is that such cost should be lower the more open the econ-
omy and the more substitutable her goods with the ones produced in the rest of the
currency area.

Finally, it is useful to notice that, by substituting (16) into (22), the market
clearing condition can in turn be written as:

) ¢ (25)

2.4 Policy Target in the Rest of the World

Let’s first describe how the equilibrium looks like in the rest of the world. The
equilibrium real marginal cost is given by:

me; = (0 +)y; — (1 +¢)zf (26)

which is simply the closed economy (i.e., obtained for v = 0) version of equation
(18). Therefore the natural (flexible-price) level of output easily obtains by imposing
mc; = 0 (which implies 7} = 0):
. 1+
P = z; 27
Yi (O’ 4 (P) t ( )
As in a canonical sticky price model with Calvo price staggering, under fully flexible

prices the output gap will be completely stabilized, i.e.,

10



Ui =y — ¥ =0 (28)
Throughout it will be assumed that the monetary authority in the rest of the world
aims at replicating the flexible price allocation by simultaneously stabilizing inflation
and the output gap. It is well known that such a policy also coincides with the first

best outcome.b

2.5 Flexible Domestic Prices

Let’s proceed by assuming, at first, that in the small open economy domestic producer
prices are flexible. In such a case the domestic pricing equation (13) implies a constant
markup. Therefore it can be assumed, without loss of generality, that domestic prices
remain fixed at their optimal level, as firms would have no incentive to deviate from
that state of affairs. By imposing a constant markup in equation (18) and substituting
equation (23) one obtains an expression for the flexible price (or natural) level of

. (ws(l + s@)) - (M) v (29)

0+ pws 0+ pws

output:

By using equation (23), and noticing that 5, = (7, — y;), the nominal exchange
rate can be written as

& = — @) (30)
_ oty .
= oo (31)

This expression shows that, under flexible prices, a rise in domestic productivity
relative to the rest of the world causes the nominal exchange rate to depreciate.

2.6 The Supply Block

Let’s define the output gap as the percentage deviation of current output from the
natural level of output, i.e.,

U =Y — Ty (32)

5Goodfriend and King (2001), Clarida, Gali and Gertler (1999). Woodford (2002) discusses
under what conditions such a policy corresponds also to maximizing a second order approximation
of households’ welfare.

11



Equation (23), in turn, implies that the output gap is proportional to the terms of
trade gap:
~ wsN
= —35 33
Yt 5 5t (33)

Therefore the equilibrium real marginal cost (18) can be written, after combining
with (33), as

me; = (90 + 5) 7 (34)

Hence we see that the proportionality relationship between the real marginal cost and
the output gap, which is common to the prototype sticky price model with imperfectly
competitive markets, survives in this open economy context. Clearly the sensitivity of
the real marginal cost to movements in the output gap is affected by parameters that
are typical of the open economy, namely the degree of openness v and the elasticity
of substitution between domestic and foreign goods 7.

Equation (33) implies that the terms of trade and the output gap are strongly
correlated in this context. Hence the choice of the underlying exchange rate regime,
by affecting the dynamics of the terms of trade, also heavily affects the behavior of
the output gap. This result, however, depends strictly on the assumption of complete
exchange rate pass-through, which prevents deviations from the law of one price.”
By replacing (34) in (15) one obtains

Tt = B BT i1 + KyUs (35)

where £, = A (gp + wis) Hence the degree of openness affects only the slope (via its
effect on w,) but not the specification of the Phillips curve. Notice also that this
happens if and only if on # 1, which in turn implies that w, # 1. In the empirically
plausible case of on > 1, we have that a higher ~ rises wy; and hence lowers the slope
of the Phillips curve. In particular, via equation (23) which is an alternative way of
rewriting the market clearing condition, an increase in openness lowers the size of the
adjustment in the terms of trade necessary to absorb a change in domestic output
(relative to world output), thus dampening the impact of the latter on marginal cost
and inflation. The slope of the Phillips curve is also decreasing in 7, the elasticity of
substitution between domestic and foreign goods. The intuition is similar. The larger
such elasticity the smaller the variation in the terms of trade required to absorb a
variation of domestic output relative to the foreign output.
By solving (35) forward we obtain:

"See Monacelli (2003) for a model that allows for deviations from the law of one price.
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THt = E, {Zﬁkﬁy@}Jrk} (36)
k=0

which shows that domestic inflation depends on both current and expected future
values of the output gap. As such inflation is a typical forward-looking variable in
this context.

2.7 The Demand Block

To complete the description of the model it is useful to rewrite also the aggregate
demand equations in a more compact form. By substituting (25) into (7) and making
use of the definition of the output gap and of equation (9) we can write the following
aggregate demand equation:

Ws

Y = E{yea} — ;(Tt — B{mHi1t —TT) (37)
where 77, = o (%) E{Ay; ) — %ﬁjﬁ) z; is the natural real interest rate.

Notice that the natural real rate depends not only on domestic productivity, but,
as long as wy > 1, also on the expected growth in world output. Besides this the
effect of openness on the shape of the typical optimizing IS equation is reflected
in the parameter w, affecting the sensitivity of the output gap to real interest rate
movements.

2.8 The Equilibrium in Compact Form
It is easy to rewrite the equilibrium conditions for the domestic small economy in a
more compact form. By combining (16) and (22) with (18) one can write the following
expression for the real marginal cost
mey = Psy+ (0 + @)y — (L4 9)z (38)

where ¢ = (1 + %) > 1. By combining with (15) domestic inflation can be easily
related to the terms of trade by the following first order difference equation

Ty = PE{TH1} + A®s + A[(0 + @)yp — (1+ ¢)z] (39)
Furthermore the real version of the uncovered interest parity condition (17) can be
written as:

Tt — Et{ﬂ-H,t—&-l} = 7“7“;: + Et{5t+1} — St (40)

13



where rrf =1} — E{m},,) is the foreign real interest rate.

Hence, conditional to the definition of a monetary policy rule for the monetary
authority and for any given exogenous path {z;, rr}, y;}, a rational expectations
equilibrium for the small open economy is a pair of processes {7, s¢},-, that solves
the system of equations (39) and (40).

3 Monetary Policy, Interest Rate and the Exchange
Rate

In this section we will characterize alternative monetary policy regimes for the small
open economy. We will first analyze the optimal policy design problem, both when
the monetary authority can commit to a certain future path of inflation and output
gap (and therefore interest rates) and when such commitment is not feasible. We will
then compare the outcome under the optimal policy with the one obtained when the
small economy pegs its exchange rate vis a vis the rest of the world (or equivalently
decides to join a currency area).

Let us first postulate that the monetary authority of the small economy tries to
minimize the following loss criterion

1 =
§E0{Z Iy (W?-I,tJrj + bw?jtzﬂ')} (41)

7=0
where b,, is the relative weight attached to output gap variability. Furthermore, as
in Clarida,Gali and Gertler (2001), it is assumed that the presence of an exogenous
cost-push shock u; does not allow the monetary authority to reach the flexible price
allocation, namely an equilibrium such that 75, = 3, = 0 for all t. The role played by
such shock is crucial to generate a trade-off between the conflicting goals of stabilizing
domestic inflation and the output gap. This of course is necessary to generate a non-
trivial analysis of the optimal policy problem.?

3.1 Optimal Policy under Discretion

Let us now assume that the monetary authority cannot have access to a commitment
technology and can only reoptimize period by period. In this case, and given the

8The fact that this model generates no conflict between policy objectives depends crucially on
the fact that the law of one price is assumed to hold throughout. In Monacelli (2003) the pres-
ence of incomplete pass-through on import prices determines endogenously a tradeoff between the
stabilization of domestic inflation and of the output gap.

14



vector of exogenous variables {u:, 774, z;, r7} }, the monetary authority chooses mp
and yg, to

1
max —§{W§{,t + by} (42)

subject to

T = F + Kyl (43)

where f = BE {7 11}+u, is a term which is taken as given by the policy authority in
her maximization problem. Notice that in so doing the monetary authority recognizes
that future private sector’s expectations cannot be manipulated

The first order condition of this static problem reads:

g = —0O 7wy, for all t (44)

where © = g—j > 0. This condition typically suggests that the monetary authority
contracts real activity in response to a rise in inflation above the target. The param-
eter © measures the magnitude of the implied optimal adjustment of the output gap,
which is increasing in the sensitivity of inflation to output gap movements x,, and
decreasing in the preference weight attached to output gap variability. In particular,

notice that

@ < 0; @ <0

Oy an
This implies that the sensitivity of the output gap to inflation is decreasing in the
degree of openness ~ (for it lowers the sensitivity of the real marginal cost to the
terms of trade) and decreasing in the elasticity of substitution between domestic and
foreign goods n (for it lowers the adjustment in the terms of trade necessary to absorb
any change in domestic output relative to world output). Hence in response to a rise
in inflation the monetary authority of an open economy will have to contract the
output gap less relative to its closed economy counterpart. For lowering the output
gap implies also an appreciation of the terms of trade, which, via (18), implies also a
fall in the real marginal cost and a dampening of inflation. This shows that, besides
the aggregate demand channel, the monetary authority of an open economy can also
handle the relative price channel to inflation. It stands obvious that such channel is
reinforced when the nominal exchange rate is free to float, for the exchange rate tends
to compensate for the excess smoothness in the terms of trade due to the stickiness
in the adjustment of nominal prices.

By substituting (44) into (15) one obtains the following second order stochastic

difference equation for the price level:

15



(2
a pus = PEApHi1} + (1 + —y) PH—1 + Us (45)

bu
where a =1+ 0+ % > 1. The characteristic polynomial associated with the above
equation is p? — %u + % = 0, whose roots are given by pu, , = 3 (1 + #) For
both roots lie outside the unit circle we have that under the discretionary policy the
domestic price level exhibits a non-stationary dynamic.

We can then build a relationship between the dynamic of the price level and the
one of the nominal exchange rate. By using equation (23) and (29), and recalling
that the terms of trade (under the assumed price stability policy in the rest of the
world) are given by s; = e; — py; we can write

er = Prt + Eay (46)
where £;, = — (#‘%) up + (%) 2 — (?j—m) y;. Hence, given that &, is

composed only of exogenous stationary processes, we have the following result:

Result 1. Under the time consistent (discretionary) policy the (producer) price
level and the nominal exchange rate both exhibit a unit root.

3.2 Optimal Plan under Commitment

In the case in which the monetary authority has the possibility of committing as
of time zero, the optimal program consists in choosing a state contingent sequence
{7, Ut }52, to maximize (41) subject to the sequence of constraints in (35) holding
in every period t + j, 7 > 0.

The optimality conditions of this problem can be written:

Ytrj — Yerj1 = —Ommerj, J>0 (47)

Y=—Ompy, Jj=0

As illustrated in Clarida, Gali and Gertler (1999) and Woodford (2002) it stands
clear that the optimal program under commitment entails an inertial behavior. This
strategy allows the policy authority to take full advantage of the forward-looking
feature of both consumers’ and firms’ decisions. Consider a rise in inflation due to
a positive cost-push shock. Unlike the case of discretion, the Central Bank under
commitment will continue to reduce the output gap beyond the impact period of the
shock. If this is credible, and given the forward-looking nature of the price setting
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process, anticipation of such a future path of the output gap will result in the current
impact of the cost-push shock on inflation to be dampened.

By noticing that (47) can be interpreted as a price level targeting rule y, = —Opp
and by substituting into (15) one can obtain the following second order stochastic
difference equation for the domestic price level

apur = BE{pri1} + pHi—1 + w (48)

Such equation has a unique bounded solution that takes the form

/’Ll c
PHt = [ CPH,1+(—’ )u 49
P rhe TR 1—pBu.) )

where ;. = § (1 — ( — i—f)) < 1 is the stable root associated with the char-

acteristic polynomial, and p,,. = ﬁ_luii. Hence we see that under commitment
the domestic price level must be stationary. Similarly to above we can build a link
between the nominal exchange rate and the price level as follows:

et = (14 O)pry + &, (50)
where £, = (?j—m) 2 — (‘j:—ﬁ) y;. Hence we have the following result:

Result 2. Under the optimal commitment policy the (producer) price level and
the nominal exchange rate are both stationary.

3.3 Fixed Exchange Rates

When the small economy pegs its exchange rate vis a vis the world economy or,
alternatively, relinquishes its monetary independence by joining a currency area, the
nominal exchange rate will be irrevocably fixed. In this case the interest parity
condition reduces to:

ry =r; for all t
and the terms of trade will read

S¢ = pr_pH,t (51)

= —PHy

where the second equality follows from our assumption that the monetary authority
in the rest of the world pursues a price stability policy. By substituting into (18) and
in turn into (15) one obtains
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as pus = BEADH 1} + PHi—1 + W (52)

where ay = 1+ 3 + k,. The above equation has a unique bounded representation of
the form

My f

%)Ut (53)

PHt = [b1,f PHt—1 T (

where p; = %f (1 — ( — i—?)) < land py, = ﬁfluf}. Hence we can state the
f ) I

following result:
Result 3. In a regime of fizred exchange rates, like in the optimal commitment
regime, the domestic price level must be stationary.

4 Monetary Regimes and Equilibrium Dynamics

In this section we compare the dynamics implied by the three monetary regimes in
response to a cost-push shock. Before doing that let us briefly describe our baseline
parameterization. We set o equal to 1, which corresponds to a log utility specification,
and 7 equal to 1.5. We assume ¢ = 3 (which implies a labor supply elasticity of %),
and a value for the steady-state markup p = 1.2 (which implies that ¢, the elasticity of
substitution between differentiated goods, is 6). The parameter 6 is set to 0.75, a value
consistent with an average period of one year between price adjustments. We assume
£ = 0.99, which implies a riskless annual return of about 4 percent in the steady state.
We assume, for simplicity, that the cost-push shock follows a simple autoregressive
process with persistence parameter p, = 0.7 and unitary standard deviation of the
shock. All the previous parameters are assumed to take identical values in the small
open economy and the world economy. In addition, the small economy is characterized
by an openness index « for which we assume a value of 0.4. Finally we assume that
b, = 0.05 as a starting baseline value. Although in the low range this is consistent
with the absolute size derived in Woodford (2002), where the Central Bank’s loss
function is derived by means of a second order approximation of the household’s utility

9

(so that b, is a convolution of underlying structural parameters).” The sensitivity

analysis on this parameter, though, will be of considerable importance below.

9The derivation, along the lines of Woodford (2002), of a tractable loss function from first princi-
ples has proved a much more difficult task in an open economy, as outlined in Benigno and Benigno
(2002) and Gali and Monacelli (2002). In particular, in these models an accurate quadratic approx-
imation of households’ welfare can be obtained only under very specific assumptions on preferences
and on the value of the international elasticity of substitution. The issue of how computing welfare
maximizing polices in fully dynamic open economy models still remains a subject of research. See
Faia and Monacelli (2003) for an alternative approach based on the direct solution of the Ramsey
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4.1 Optimal Policy vs. Time Consistent

In Figure 1 the equilibrium response of selected variables under the optimal commit-
ment policy is contrasted to the one under the time consistent (TC henceforth) or
discretionary policy.

Figure 1 near here

As expected the positive cost-push shock generates a rise in inflation and a fall
in the output gap. However the implied behavior of inflation differs sharply across
the two regimes. Under the TC policy inflation returns monotonically to its initial
values while it displays some overshooting under the optimal policy. Under the TC
policy the monetary authority cannot exploit its commitment to a certain future path
for the output gap to improve the short run inflation performance, which explains
the lack of persistence in the response of the output gap. The different behavior of
inflation across the two regimes rationalizes the different behavior in the price level,
which is stationary under the optimal program while it exhibits a unit root under the
TC policy.

Under the optimal policy the response of the interest rate is much smoother than
under TC. The rise in the interest rate is responsible for the initial appreciation of the
nominal exchange rate, which is larger under the TC policy. However the exchange
rate exhibits a sharply different dynamic under the two regimes afterwards. Namely it
returns monotonically to the initial value under the optimal policy while it exhibits a
unit root under the TC policy. Hence, and in response to the initial cost-push shock,
the TC policy generates a permanently higher price level and depreciated nominal
exchange rate.

The key factor that rationalizes this link between the price level and the nominal
exchange rate is the stationarity of the terms of trade under the assumption of com-
plete asset markets. Full risk sharing, as from equation (16), implies that permanent
changes in relative consumption are not allowed in equilibrium in response to shocks.
Hence the trade balance must always return to its steady state value of zero.!°

problem and on the explicit consideration of all the distortions characterizing the equilibrium of the
economy.

0This does not imply that movements in the trade balance are not allowed in the short-run. In
this context, and unlike the framework of Corsetti and Pesenti (2000), the elasticity of substitution
between domestic and foreign goods can be larger that unitary and this permits movements in the
trade balance around its zero steady-state value even in the case of log preferences.
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4.2 Optimal Policy vs. Fixed Exchange Rates

What distinguishes a regime of fixed exchange rates is its nature of commitment to
a certain future course of action. This raises the issue of what features such regime
actually shares with the one of fully optimal commitment.

In Figure 2 the implied equilibrium responses of the same selected variables to a
one percent cost-push innovation is compared to the one under fixed exchange rates.

Figure 2 near here

Notice that under fixed exchange rates once again inflation rises and the output
gap falls. However the response of both variables relative to the optimal policy is
much more amplified under fixed exchange rates than it was the case under the TC
policy. This naturally suggests that under our benchmark calibration a regime of
fixed exchange rates implies a greater overall loss for the monetary authority of the
small economy.

The distinctive feature of the fixed exchange rate regime is that it implies a station-
ary response of the price level. This is again a natural consequence of the stationarity
of the terms of trade. By construction the response of the price level must be the
mirror image of the one of the terms of trade.

4.2.1 The Effect of Varying the Degree of Openness

Despite the fact that stationarity of the price level is a feature that a regime of fixed
exchange rates shares with the fully optimal policy the latter regime still implies
large fluctuations in inflation and in the price level. In this section we show how the
results are affected by one key parameter that distinguishes our analysis, namely the
degree of openness. Figure 3 displays the effect of varying the import share v on the
volatility of the output gap, inflation and the terms of trade as well as on the total
central bank’s loss.

Figure 3 near here

Notice, first, that the model implies a negative relationship between the equilib-
rium volatility of the terms of trade and the degree of openness. This can be clearly
seen from equation (23). The sensitivity w; of relative output to the terms of trade is
in fact increasing in the degree of openness. The more open the economy the smaller
is the equilibrium variation in the terms of trade necessary to absorb a required given
variation in relative output. Under fixed exchange rates the volatility of the terms of
trade is constantly below the one implied by the optimal policy and the TC policy.

20



The impossibility of the nominal exchange rate to compensate for the excess smooth-
ness in prices is responsible for this result and it is reminiscent of the widely cited
empirical evidence in Mussa (1986)."

For any degree of openness the volatility of the output gap is larger under the TC
and optimal policy than it is under fixed exchange rates. This is due to the strong
link between the terms of trade and the output gap implicit in the model. As fixed
exchange rates tend to dampen the volatility of the terms of trade relative to the
optimal regimes this is reflected in a less volatile output gap. However fixed exchange
rates imply a much larger volatility in inflation relative to the optimal regimes. This
is the factor that drives the loss ranking reported in the bottom-right picture. The
relatively higher volatility of inflation under fixed rates is the result of a too low
volatility in the terms of trade. Hence we have the following result:

Result 4. Relative to the optimal policies (both under commitment and discre-
tion), fized exchange rates tend to excessively dampen the terms of trade (and therefore
the output gap) volatility and to generate too volatile inflation. This results in fized
rates delivering higher loss under our baseline parameterization.

However Figure 3 already shows that the total loss under fixed rates tend to
converge quite closely to the one under TC when the degree of openness is very high,
although the relative ranking is not altered. Recall that in this context the degree
of openness measured by 7 is also a measure of the degree of asymmetry between
the domestic and the foreign consumption baskets. As v — 1 the two consumption
baskets tend to coincide. In that limit case no relative price variation is required in
equilibrium, and hence the loss from excess smoothness in the terms of trade that
characterizes fixed exchange rates is minimized. Not surprisingly, then, total loss is
decreasing in openness under fixed exchange rates.

High weight on the output gap Figure 4 displays the results of the same sen-
sitivity analysis conducted above but with a change from the baseline calibration.
Namely we increase the relative weight b, assigned to output gap volatility in the
loss criterion of the central bank (from 0.05 to 0.2). This already implies dramatic
changes in the relative ranking between TC policy and fixed exchange rates, although
the value of b,, remains still in the low range from the view point of the traditional

literature assuming quadratic loss functions.'?

HSee Monacelli (2002) for a sticky price model that is able to rationalize quantitatively the
evidence of Mussa (1986), according to which, in moving from fixed to floating exchange rate regimes,
industrial countries experience dramatic rises in the variability of both nominal and real exchange
rates.

12Some authors find a range b, € [0,2] as plausible, see for instance Dennis and Soderstrom
(2002).
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Figure 4 near here

A higher weight b,, implies more room under the optimal policy for smoothing the
terms of trade (and therefore the output gap) in a way more similar to what is done
under fixed exchange rates. However this tends to boost the volatility of inflation
under TC. The volatility of inflation under fixed exchange rates now lies below the
one under the TC policy regardless of the degree of openness. This generates a
reversed ranking between TC and fixed rates, with the latter dominating the former
for any degree of openness. This result can be recast in the following way:

Result 5. When the policy weight on the output gap variability is high, fixing the
exchange rate can be a good way to reduce inflation variability without trading off too
much in terms of output gap volatility, a cost that must necessarily be paid under the
TC policy.

High elasticity of substitution between domestic and foreign goods In
Figure 5 we conduct a final sensitivity experiment. We are still interested in analyzing
the sensitivity to the degree of openness of the relative ranking between fixed exchange
rates and the TC policy.

Figure 5 near here

In this experiment we reduce the policy weight parameter b,, back to its original
initial value (b, = 0.05) and alter the baseline calibration along a different dimension,
i.e., the elasticity of substitution between domestic and foreign goods (from n = 1.5
to n = 3). Relative to the baseline case illustrated in Figure 3 this result shows that,
when the elasticity of substitution is high, there exists a degree of openness for which
the equilibrium total loss under fixed is smaller than the one under the TC policy.
Interestingly this happens for a relatively low value of the index of openness v. Hence
we have the following result:

Result 6. For relatively high values of the elasticity of substitution between do-
mestic and foreign goods (and already for a low degree of openness) a fized exchange
rate regime can dominate the optimal time consistent policy.

This result is driven by the large reduction in inflation volatility that higher open-
ness brings about under fixed rates (unlike the optimal policies, see upper-right panel).
It was already clear from the baseline case analyzed in Figure 3 that under fixed ex-
change rates higher openness would dampen inflation volatility. This is a direct
consequence of higher openness implying smoother terms of trade and therefore more
stable prices (recall that under fixed exchange rates s; = —pg,). While under the
baseline calibration this effect is not strong enough to switch the relative ranking
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between TC and fixed rates, it does deliver this result when the elasticity of substi-
tution is high. In this case the gain of reduced inflation volatility derived from higher
openness is large and allows fixed exchange rates to dominate the TC policy already
for low values of openness.

5 Conclusions

In this work we have presented a benchmark framework for the analysis of monetary
policy in an open economy. We have spelled out a dynamic model with both con-
sumers and firms acting in an optimizing manner. The fact that inflation maintains
its feature of forward- looking variable makes it an ideal starting point for the analysis
of alternative monetary policy and exchange rate arrangements. We have solved the
equilibrium dynamics under three alternative policy regimes: optimal policy, time
consistent policy and fixed exchange rates. We have shown that in a baseline calibra-
tion gains from commitment arise from the possibility of affecting the expectations
on the future course of variables. When commitment is not feasible a discretionary
(time-consistent) policy still outperforms a regime of fixed exchange rates. We have
devoted particular attention to the performance of a fixed exchange rate regime. Such
regime displays a fundamental pitfall, namely that it implies an excess smoothness
in the adjustment of the terms of trade (the key channel that distinguishes the open
economy dimension of monetary policy). This makes it undesirable relative to the
other regimes under the baseline calibration. However a regime of fixed exchange
rates displays a benefit of the optimal commitment regime that the TC policy lacks.
Namely it entails stationary price level and exchange rate. We have indeed shown
that there exist combinations of the parameter values that make such benefit out-
weigh the cost of excess smoothness in the terms of trade thereby rendering a regime
of fixed exchange rates more desirable than the TC optimal policy. This happens for
high values of the elasticity substitution between domestic and foreign goods and for
a high relative weight assigned to the output gap variability in the Central bank’s
loss function. In such cases a regime of fixed exchange rates can be characterized
as a feasible way to move the equilibrium closer to the one entailed by the optimal
commitment program. This result also sheds light on a new type of tradeoff that a
small economy may face when choosing to participate to a currency area. Namely
a tradeoff between the cost of relinquishing exchange rate flexibility and the benefit
of designing a monetary regime which allows to implement in practice some of the
features of the optimal commitment policy.
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Figure 1 Responses to  Cost Push Shock: Commitment vs. Discretion
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Figure 2 Responses to o Cost Push Shock: Commitment vs. Fixed
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Fgure 3 Effect of Varying Openness (baseline)
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Fiqure 4 Effect of Varying Openness (high weight on output qap)
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Figure 5 Effect of Varying Openness (high elasticity of substitution)
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