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Can Endogenous Changes in Price Flexibility
Alter the Relative Welfare Performance of
Exchange Rate Regimes?

Ozge Senay, Middle East Technical University, Turkey
Alan Sutherland, University of St. Andrews, UK

1. Introduction

Recently an extensive literature has developed that analyzes the wel-
fare performance of exchange rate regimes in general equilibrium mod-
els with sticky-prices (see Devereux and Engel (1998, 2003), Devereux
(2000, 2004), and Bacchetta and van Wincoop (2000)). This new litera-
ture is largely based on models where the degree of price flexibility is
exogenously determined and does not change in response to changes in
the monetary regime. The welfare comparisons presented in this litera-
ture are therefore potentially subject to a form of the Lucas (1976) cri-
tique. The Lucas critique suggests that it is implausible that the degree
of price flexibility remains unaffected if a change in monetary regime
produces a large change in the volatility of output or other important
macro variables. There are therefore strong theoretical reasons to inves-
tigate the endogenous determination of price flexibility.

In addition to this theoretical motivation for considering endog-
enous price flexibility, there is a further motivation arising from the
policy debate on the choice of monetary regime. It has been argued, for
instance, that monetary union in Europe will encourage greater price
flexibility which will partly (or completely) offset the loss of monetary
independence. This argument cannot be addressed within the theoreti-
cal structure adopted in most of the current literature.

The proposition that the degree of price flexibility changes endog-
enously with changes in the monetary policy regime has received some
empirical support. Alogoskoufis and Smith (1991), for instance, present
estimates of Phillips-curve equations that strongly suggest that changes
of the exchange rate regime have resulted in large changes in the
degree of inflation inertia. They show that inflation rates in the United
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States and the United Kingdom became significantly more sluggish in
response to shocks after the collapse of the Gold Standard and also after
the collapse of the Bretton Woods system. This evidence indicates that
the endogeneity of price flexibility may be an important empirical phe-
nomenon.

This paper uses a sticky-price general equilibrium model of a small
open economy to analyze the welfare implications of fixed and float-
ing exchange rates. The model departs from much of the recent lit-
erature by allowing the degree of price flexibility to be determined
endogenously. The home country is subject to stochastic shocks from
internal and external sources and the focus of interest is on the sta-
bilization and welfare implications of regime choice for the home
country. Price setting is subject to Calvo-style price contracts but,
unlike the standard Calvo (1983) structure, agents are allowed to choose
the average frequency of price changes. Agents must balance the
benefits of price flexibility against the costs involved in changing
prices. Since the benefits of price flexibility depend in large part on the
volatility of the macroeconomic environment, the optimally chosen
degree of price flexibility differs between exchange rate regimes. The
model is used to analyze the stabilizing properties of each regime and
to carry out a welfare comparison between fixed and floating exchange
rates.

The existing literature on exchange rate regime choice has shown
that the relative welfare effects of policy regimes are subject to many
and varied factors. It is not the purpose of this paper to recount this
literature, nor is it to provide a definitive welfare analysis of exchange-
rate regime choice. The purpose of this paper is to develop a simple
model of endogenous price flexibility that is a direct development of
the standard framework used in the current literature. This model is
used to address two questions: First, in general, can endogenising price
flexibility lead to a change in the welfare ranking of monetary policy
regimes? Second, more specifically, can a fixed exchange rate regime
generate sufficient price flexibility to compensate for the loss of mon-
etary independence implied by the fixed rate? The analysis presented
below suggests that the answer to the first question is "yes," it is possi-
ble to identify cases where the ranking of monetary regimes is reversed
when compared to the case where price flexibility is exogenous. On the
other hand, the results suggest that the answer to the second question
is mixed. A fixed rate does lead to greater price flexibility, but this tends
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to reduce the level of welfare yielded by a fixed rate (relative to the
exogenous price flexibility case).

There have been a number of papers that have previously analyzed
the implications of price flexibility in general and endogenous price flex-
ibility in particular. De Long and Summers (1986) investigate whether
increased price and wage flexibility stabilizes or destabilizes macro vari-
ables. They show that increased price and wage flexibility may in fact
be destabilizing when there is a mixture of supply and demand shocks.
Calmfors and Johansson (2002), Devereux (2003), Devereux and Siu
(2004), Devereux and Yetman (2002), Dotsey, King, and Wolman (1999),
Kiley (2000), and Romer (1990) all analyze endogenous price flexibil-
ity in one form or another. Devereux and Yetman (2002) analyze the
implications of endogenous price flexibility for the long run trade-off
between inflation and output. Devereux and Siu (2004), Dotsey, King,
and Wolman (1999), and Kiley (2000) analyze the impact and propaga-
tion of monetary shocks in models with endogenous price flexibility.
The main focus of these papers is on the implications of endogenous
price flexibility for business cycle behavior. They do not directly address
any implications for welfare or the choice of monetary policy regime.

Calmfors and Johansson (2002) analyze the stabilizing properties of
endogenising wage flexibility for a small open economy joining a mon-
etary union. Given that joining a monetary union is believed to increase
macroeconomic variability, a country facing the loss of monetary inde-
pendence has an incentive to increase the degree of wage indexation.
Calmfors and Johansson show, using a simple linear model with an
ad hoc quadratic welfare function, that greater variability in prices
which accompanies increased wage flexibility, may in fact be welfare
decreasing.

Of the papers in the existing literature, the one most closely related
with the present paper is Devereux (2003). This is the only paper to ana-
lyze the implications of exchange rate policy for the flexibility of prices
in an open economy stochastic general equilibrium model. Devereux
shows that a fixed rate regime followed by a single country tends to
increase the degree of price flexibility within that country.1 However;
a fixed rate regime followed by two countries (a monetary union) is
shown to reduce the degree of price flexibility to a level even below that
of a floating regime.

Before proceeding, it may be useful to emphasize the features of
the current paper that distinguish it from Devereux (2003). Devereux
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compares fixed and floating exchange rates in a single-period model
where agents can choose in advance to set prices before or after exog-
enous shocks are realized. The model in this paper differs from the
Devereux model in three important respects. Firstly, the model pre-
sented here is a fully dynamic framework with multi-period contracts.
This implies that the model can be more easily calibrated and matched
to relevant real world data. Secondly, the model allows the elasticity
of substitution between home and foreign goods to differ from unity
(whereas Devereux restricts this elasticity to unity). The model in the
current paper can therefore be used to analyze the implications of the
expenditure switching effect for the endogeneity of price flexibility.
Thirdly and most importantly, the analysis below presents an explicit
welfare comparison between monetary policy regimes, whereas
Devereux focuses on a purely positive analysis. The contribution of
the current paper is therefore to provide a richer model and to analyze
the implications of endogenous price flexibility for the welfare perfor-
mance of regimes.

The paper proceeds as follows. The second section presents the struc-
ture of the model. The third section describes the different policy regimes
to be compared. The fourth section discusses the solution method and
approximation of the model. The fifth section analyzes the compari-
son between exchange rate regimes under exogenous and endogenous
price flexibility, and the sixth section concludes the paper.

2. The Model

The model is a variation of the sticky-price general equilibrium structure
that has become standard in the recent open economy macroeconomics
literature (following the approach developed by Obstfeld and Rogoff
(1995,1998)).2 As already emphasized, it is not the purpose of this paper
to provide a definitive welfare analysis of monetary policy regimes. For
simplicity, therefore, and in order to provide a clearer focus on the role
of endogenous price flexibility, the model omits some features that have
been emphasized in the literature. Thus, for instance, it is assumed that
prices are set in the currency of the producer rather than in the currency
of the consumer.3 Additionally, the range of stochastic shocks disturbing
the world economy is limited to just labor supply shocks and foreign
inflation shocks.4 Relaxing these simplifying assumptions will clearly
have implications for the relative welfare performance of the different
policy regimes considered. This, however, is not the central concern of
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the present paper. The objective of this paper is to determine if, given a
reasonably standard model, endogenising the degree of price flexibility
significantly affects the predictions of the model for the relative welfare
performance of monetary policy regimes.

The model world consists of two countries, which will be referred to
as the home country and the foreign country. The world population is
indexed on the unit interval with home agents indexed h e [0, n) and
foreign agents indexed / e [n, 1]. In the numerical exercises reported
below n is chosen to be small.

The analysis focuses on the choice of monetary policy regime for
the home economy. Three possible regimes are considered for the
home economy. The specification of these regimes is described below.
Throughout the analysis the foreign monetary authority is assumed to
be following a policy of strict targeting of producer-price inflation.

Agents consume a basket of goods containing all home and foreign
produced goods. Each agent is a monopoly producer of a single dif-
ferentiated product. Price setting follows the Calvo (1983) structure. In
any given period, agent;' is allowed to change the price of good j with
probability (1 - y).

The timing of events is as follows. In period 0 the home monetary
authority makes its choice of monetary regime. Immediately follow-
ing this policy decision, all agents in both countries are allowed to
make a first choice of price for trade in period 1 (and possibly beyond).
Simultaneously, all agents are also allowed the opportunity to make a
once-and-for-all choice of Calvo-price-adjustment probability (i.e., y).
In each subsequent period, beginning with period 1, stochastic shocks
are realized, individual agents receive their Calvo-price-adjustment
signal (which is determined by their individual choices of y, i.e., y),
those agents which are allowed to adjust their prices do so, and finally
trade takes place.

The detailed structure of the home country is described below. The
foreign country has an identical structure (except that the foreign
economy is assumed to be large relative to the home economy). Where
appropriate, foreign real variables and foreign currency prices are indi-
cated with an asterisk.

2.1 Preferences

All agents in the home economy have utility functions of the same form.
The utility of agent h is given by
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Ut(h) = (l)

where % is a positive constant, C is a consumption index defined across
all home and foreign goods, M denotes end-of-period nominal money
holdings, P is the consumer price index, y (h) is the output of good h
and E is the expectations operator. K is a stochastic shock to labor sup-
ply preferences which evolves as follows

logK,= (2)

where eK is symmetrically distributed over the interval [-£, e] with E[eK]
= 0 and Vflr[eJ = <72

K.
The expected costs of adjusting prices are represented by the function

A(yh). The form of this function is discussed in more detail below.
The consumption index C for home agents is defined as

(3)= \neCH
e +(l-n)eCF

e

where CHand CF are indices of home and foreign produced goods
defined as follows

di CF- (4)

where (/) > 1, cH(i) is consumption of home good i and cF(j) is consump-
tion of foreign good /. The parameter 9 is the elasticity of substitution
between home and foreign goods. This is a key parameter that deter-
mines the strength of the expenditure switching effect.

2.2 Price Indices

The aggregate consumer price index for home agents is

(5)

where PH and Pf are the price indices for home and foreign goods
respectively defined as

(6)
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The law of one price is assumed to hold. This implies pH(i) = Sp^(i) and
pF(j) = Sp*F(j) for all i and; where an asterisk indicates a price measured
in foreign currency and S is the exchange rate (defined as the domestic
currency price of foreign currency). Purchasing power parity holds in
terms of aggregate consumer price indices, P = SP*.

2.3 Financial Markets

It is assumed that international financial trade is restricted to a risk free
international real bond, which is denominated in units of the consump-
tion basket (which is identical in both countries).5 The budget constraint
of agent h is given by

PtBt(h) + Mt(h) = (1 + rt)<ptPtBtJh) + MtJh) + pHA(h)yt(h) (7)

-PtCt(h)-Tt + Rt(h)

where B(h) is bond holdings, M(h) is money holdings, T is a lump-
sum government transfer, and P is the aggregate consumer price
index.

As is standard in much of the literature, individual agents are assumed
to have access to a market for state-contingent assets that allows them
to insure against the idiosyncratic income shocks implied by the Calvo
pricing structure.6 The payoff to agent h's portfolio of state-contingent
assets is given by R(h).

In order to remove the unit root that arises when international finan-
cial trade is restricted to noncontingent bonds, bond holdings are sub-
ject to a cost that is related to the aggregate stock of bonds held. The
holding cost is represented by the multiplicative term (pt in the budget
constraint, where

<pt = 1/(1+ 8BJ (8)

and B is the aggregate holding of bonds by the home population.
Home agents can also hold wealth in the form of a home nominal

bond that is not internationally traded but that can be a substitute for
the international bond amongst home agents. Likewise, foreign agents
may hold a foreign nominal bond that is also not internationally traded
but which can be a substitute for the international bond amongst for-
eign agents. The rate of return on the home nominal bond will be linked
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to the rate of return on the international bond by the generalized Fisher
relationship as follows

(9)

An equivalent expression holds for the foreign nominal bond.
The government's budget constraint is

(10)

Changes in the money supply are assumed to enter and leave the econ-
omy via changes in lump-sum transfers.

2.4 Consumption Choices

The intertemporal dimension of home agents' consumption choices
gives rise to the familiar consumption Euler equation

ftl + r t ) < p t E t \ ] (11)

A similar condition holds for foreign agents.
Individual home demands for representative home good, h, and for-

eign good,/, are given by

^ff. cf(/) = CF (*&>) (12)
where

[ ^ ^ y (13)
Foreign demands for home and foreign goods have an identical struc-
ture to the home demands. Individual foreign demands for representa-
tive home good, h, and foreign good,/, are given by
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where

The total demand for home goods is Y - nCH + (1 - n)C*H and the total
demand for foreign goods is Y* = nCF + (1 - n)C\.

2.5 Price Setting

In equilibrium, all home agents will choose the same value of y, which
will be denoted by yH. The determination of yH is discussed below. Thus,
in any given period, proportion (1 - yH) of home agents are allowed to
reset their prices. All agents who set their price at time t choose the
same price, denoted pH f for the home country. The first-order condition
for the choice of prices implies the following.

where yts= Ys(pHt/PHs)~<* is the period-s output of a home agent whose
price was last set in period t. It is possible to rewrite the expression for
aggregate home producer prices as follows

(17)

For the purposes of interpreting some of the results reported later, it
proves useful to consider the price that an individual agent would
choose if prices could be reset every period. For home agent;', this price
is denoted p°Ht(j) and is given by the expression

^P^ii) (is)

2.6 Equilibrium Price Flexibility

Price flexibility is made endogenous in this model by allowing all
agents to make a once-and-for-all choice of the Calvo-price-adjustment
probability in period zero.7 When making decisions with regard to price
flexibility each agent acts as a Nash player. Given that all agents are



380 Senay & Sutherland

infinitesimally small, the choice of individual y is made while assuming
that the aggregate choice of / is fixed. The equilibrium y is assumed to
be the Nash equilibrium value (i.e., where the individual choice of y
coincides with the aggregate y).

Agents make their choice of y in order to maximize the discounted
present value of expected utility. For simplicity, it is assumed that the
utility of real balances is ignored for the purposes of determining the
equilibrium value of y

From the point of view of the individual agent, the optimal / is the
one that equates the marginal benefits of price flexibility with the mar-
ginal cost of price adjustment. The benefits of price flexibility arise
because a low value of /implies that the individual price can more
closely respond to shocks. The costs of price adjustment may take the
form of menu costs, information costs, decision making costs and other
similar costs. These costs of price adjustment are captured by the func-
tion A(y) in equation (1). It is assumed that the cost of price adjustment
is proportional to the expected number of price changes per period.
Thus A(/) is of the following form

~p(l-y) (19)

where a > 0 and the factor 1 / (1 - (5) converts the per-period cost of price
changes to the present discounted value at time zero. It is important to
note that the cost of price flexibility is a function of the average rate of
price adjustment, and is not linked to actual price changes.

As described above, individual agents are assumed to have access
to insurance markets that allow them to insure against the idio-
syncratic income shocks implied by the Calvo pricing structure. It is
important to specify that, in the case of the present model, these mar-
kets open after all agents have made their choices of price adjustment
probability.

3. Monetary Policy

The main focus of attention in this paper is on the choice of monetary
regime for the small home economy. The objective is to compare a fixed
exchange rate regime with a floating exchange rate regime. The specifi-
cation of a fixed exchange rate is simple. In this case, the home monetary
authority is assumed to vary the home nominal interest rate in order to
maintain the exchange rate at a target rate, denoted S. The fixed rate is
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therefore a unilateral (or one-sided) peg in the sense that it is the actions
of the home monetary authority that sustain the regime.

While a fixed-rate regime is uniquely defined, there are many differ-
ent forms of floating-rate regime that could be adopted by the home
economy. Two alternatives are considered: money targeting and strict
targeting of the rate of inflation of producer prices. Money targeting is a
natural case to consider because it corresponds to the traditional "text-
book" definition of a floating exchange rate. Inflation targeting is also
a natural case to consider because it corresponds to the policy actually
adopted by many countries in recent years.8

In the case of money targeting the home monetary authority fixes the
level of the home money supply at a level Mand allows the nominal inter-
est rate to be determined by equilibrium in the market for real money
balances. The demand for money is defined by the first-order condition
for the choice of money holdings, which is given by the following

(20)

In the case of strict targeting of producer-price inflation, the home mon-
etary authority varies the home nominal interest rate to ensure that the
rate of inflation of producer prices achieves a target rate of zero, thus

PHJ =1 . (21)
'•H.t-l

In what follows, this regime will be referred to as "inflation targeting."
It should be borne in mind, however, that this refers to targeting of pro-
ducer-price inflation—not consumer-price inflation.

It is important to emphasize that, even in the case where the degree
of price flexibility is exogenously determined, none of the three policy
regimes just described is fully optimal for the home economy. In par-
ticular, it should be noted that, unlike in the model of Clarida, Gali,
and Gertler (2001), a policy of inflation stabilization is not fully optimal
for the home economy in this model. There are two reasons for this:
a non-unit elasticity of substitution between home and foreign goods;
and the incompleteness of international financial markets. Sutherland
(2004) shows that, in general, producer-price stabilization is not optimal
(for a small open economy) when the elasticity of substitution between
home and foreign goods differs from unity,9 and Devereux (2004) and
Benigno (2001) show that price or inflation stabilization is not optimal
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when international financial markets are incomplete. Given these fac-
tors, there is no reason to suppose, a priori, that inflation targeting will
dominate the other two regimes.

In principle, it would be possible to derive fully optimal monetary pol-
icy rules for the home economy. However, the complications caused by
endogenous price flexibility make this infeasible given currently avail-
able solution techniques. Attention is therefore confined to a comparison
of the three simple, but non-optimal, policy regimes specified above.

Finally, it is necessary to specify the behavior of the foreign mon-
etary authority. The foreign monetary authority is assumed to adopt a
rule for the foreign nominal interest rate, which ensures that the rate of
inflation of producer prices achieves a target rate n\, thus

?F'( =<• (22)

As with many other aspects of the model, the policy rule adopted by the
foreign monetary authority can affect the welfare comparison between
monetary regimes for the home economy. An inflation targeting policy
is a natural benchmark for the foreign economy because such a policy is,
in fact, optimal from the point of view of foreign welfare.10 It is also a rea-
sonable approximation to the monetary policy operated by large econo-
mies such as the United States and those of the Eurozone countries.

The inflation target in the foreign country is assumed to be subject to
stochastic shocks such that n\ evolves as follows

log <=£„. log <!+£*.,, (23)

where e^ is symmetrically distributed over the interval [-£, e] with £[£^1
= 0 and Varle^] = cri The stochastic shocks to the foreign inflation tar-
get represent exogenous changes in policy that may arise from changes
in political pressure on the foreign monetary authority or changes in
the composition of its governing council or policymaking committee.
Alternatively the shocks may represent policy mistakes made by the
foreign monetary authority. In either case, the shocks are exogenous
from the point of view of the home country. In the context of the current
model, these shocks represent a form of foreign monetary shock.

4. Model Solution

It is not possible to derive an exact solution to the model described
above. The model is therefore approximated around a nonstochastic
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equilibrium (defined as the solution that results when K = K* = T? =
1 and o\. = G\,= = 0). For any variable X define X = log (X/X)
where X is the value of variable X in the nonstochastic equilibrium. X
is therefore the log-deviation of X from its value in the nonstochastic
equilibrium.

Aggregate (per capita) home welfare in period 0 is defined as

(24)

where, for simplicity, the utility of real balances is excluded.
A second-order approximation of Q can be written as follows

(25)

C s +-( l -p)C s
2-

0-1

a ,_

where

(26)

where O(£3)contains terms of order higher than two in the variables of
the model.11

In order to derive a solution to the endogenous price flexibility prob-
lem it is also necessary to consider the utility of a representative indi-
vidual agent. A second-order approximation of period-0 utility of agent
h is

(27)
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Note that the second-order approximations of both aggregate and
individual utilities depend on the first and second moments of con-
sumption and output. Aggregate utility also depends on the second
moments of prices. In order to analyze aggregate and individual utility
it is necessary to derive second-order accurate solutions for the first
moments of the variables of the model. These solutions are obtained
numerically using the technique described in Sutherland (2002).

A numerical search technique is used to locate Nash equilibria in the
choice of / The procedure is as follows. An initial guess for the equilib-
rium /is selected. The model is then solved for this value of /and the
discounted value of utility for an individual agent is calculated (using
the expression for individual utility given in (27)). The model is then
re-solved with a perturbed value of yh for a single individual, but with
the value of /for all other agents fixed. The discounted value of utility
for individual h is then re-evaluated at this perturbed value of yh. This
provides a measure of the incentive for individual h to deviate from the
aggregate / If this incentive is nonzero, the procedure is repeated with
a new choice of aggregate / The procedure is repeated until a value of
/ is found where the incentive to deviate is zero—in which case a Nash
equilibrium has been identified.

In all the examples considered below, the foreign country is large
relative to the home country, so the foreign equilibrium value of /does
not depend on the home value of / The foreign / is also invariant to the
choice of monetary regime in the home country and to the value of 6
(the elasticity of substitution between home and foreign goods). On the
other hand, the equilibrium value of /for the home economy depends
on the choice of regime and the value of 0. The search procedure for the
home economy must therefore be repeated for each policy regime and
each value of 6.

The next section reports numerical solutions to the above model that
allow a comparison to be made between the three monetary regimes.
The numerical solutions are obtained using the set of parameter values
in Table 1. The values for p, 0, \i, and /? are taken from Rotemberg and
Woodford (1999). The value for 8 (i.e., the parameter determining the
costs of bond holdings) is based on the calibration used by Benigno
(2001).

We consider a range of values of 6 (i.e., the elasticity of substitution
between home and foreign goods) between 1 and 10.12 The empirical
literature on the elasticity of substitution between home and foreign
goods does not provide any clear guidance on an appropriate value
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Table 1
Parameter values

Discount factor /3 = 0.99

Elasticity of substitution for individual goods </> = 7.66

Work effort preference parameter p = 1.47

Elasticity of intertemporal substitution p = 1

Bond holding costs 8 = 0.0005

Price adjustment costs a = 0.003

Labor supply shocks £K = £K, = 0.9, aK = oK, = 0.01

Foreign inflation shocks £\, = 0.9, cr, = 0.001

Home country size n = 0.001

for this parameter. Obstfeld and Rogoff (2000) briefly survey some of
the relevant literature and quote estimates for the elasticity ranging
between 1.2 and 21.4 for individual goods (see Trefler and Lai (1999)).
Estimates for the average elasticity across all traded goods lie in the
range 5 to 6 (see for instance Hummels (2001)). Anderson and van Win-
coop (2003) also survey the empirical literature on trade elasticities and
conclude that a value between 5 and 10 is reasonable. On the other hand,
the real business cycle literature typically uses a much smaller value for
this parameter. For instance Chari, Kehoe, and McGrattan (2002) use a
value of 1.5 in their analysis.

In addition to the lack of firm empirical guidance on values for 0,
there are good theoretical reasons to consider a range of values for this
parameter. In a previous paper (Senay and Sutherland (2005)), using a
model where the degree of price flexibility is exogenously determined, it
was shown that the expenditure switching effect can play a significant
role in the welfare comparison between regimes. It was found that the
key mechanism that drives the relative welfare performances of fixed
and floating regimes is the impact of regime choice on the volatility of
output. The volatility of output is particularly sensitive to the choice of
exchange rate regime when the expenditure switching effect is strong.
Given that the volatility of output is likely to have a significant impact
on the incentive of agents to choose a high degree of price flexibility,
there may be an important interaction between the expenditure switch-
ing effect, the degree of price flexibility and the choice of exchange rate
regime. The results reported below show that this interaction is indeed
potentially important.
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Of all the parameters of the model, the most difficult to calibrate is a,
i.e., the coefficient in the function determining the costs of price adjust-
ment (equation (19)). The function A(y) in principle captures a wide
range of costs associated with price adjustment. Not all these costs are
directly measurable, so there is no simple empirical basis on which to
select a value for a. As a starting point, for the purposes of illustra-
tion, the value of a is set at 0.003 in the benchmark case. This implies
aggregate price adjustment costs of 0.075 percent of GDP if prices are
adjusted at an average rate of once every four quarters (which is con-
sistent with /= 0.75). This total aggregate cost is not implausibly high,
given the potentially wide range of costs incorporated in A(y), but it is
acknowledged that a more satisfactory basis needs to be found for cali-
brating a. In order to test the sensitivity of the main results, the implica-
tions of setting a to 0.004 are also briefly considered.

The numerical solutions to the model are presented in Figures 1 to 6.
Figure 1 shows the equilibrium value of /for each regime for a range
of values of 9. In order to understand the results, it is useful to compare
the effects of endogenous price flexibility with a version of the model
where the degree of price flexibility is fixed exogenously. Figures 2 to
6 therefore show this comparison. In each figure the left-hand panel
shows results for exogenous price flexibility (where / is fixed at 0.75)
for a range of values of 6 and the right-hand panel shows results for
endogenous price flexibility for the same range of values for 6. Figure 2
shows results for welfare. Figures 3 to 6 show the volatilities of a num-
ber of relevant variables.

— - f i — — A- — - A — — A- — -A — — A - — - A - — A- —

2 3 4 5 6 7 8 9
Intratemporal elasticity of substitution:0

10

Fixed exchange ra te H —+ Money targeting Q — o Inflation targeting A —

Figure 1
Equilibrium degree of price stickiness (a = 0.003 <p = 7.66)
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5. Comparison of Exchange Rate Regimes

5.1 Exogenous Price Flexibility

The comparison between the three monetary regimes is first considered
in the case where price flexibility is exogenously determined (with y=
0.75). Figure 2(a) shows the welfare comparison between regimes. In
this figure (and all other figures showing welfare comparisons), welfare
is measured in terms of the equivalent compensating percentage varia-
tion in steady state consumption. There are two features of Figure 2(a)
that are worth noting.

First, inflation targeting yields the highest welfare for values of 6
greater than unity. As already emphasized, a number of features of the
model imply that fully optimal monetary policy will generate some
volatility in the producer price index. Inflation stabilization is there-
fore not fully optimal and there is no a priori reason to suppose that
inflation targeting should be the best of the three regimes considered
here. Nevertheless it is clear that, for the calibration illustrated and for
values of 6 greater than unity, inflation targeting is closer to the fully
optimal policy than either of the other policy regimes considered. Thus,
the presence of incomplete financial markets and a relatively power-
ful expenditure switching effect are not sufficient to make either of the
other two regimes better than inflation targeting (for the parameter
range considered).

(a) Exogenous Price Flexibility

2 4 6 8 10
Intratemporal elasticity of substitution 6

(b) Endogenous Price Flexibility
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Intratemporal elasticity of substitution 6
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Figure 2
Welfare (a= 0.003 0=7.66)
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The second feature of the welfare comparison in Figure 2(a) that
should be noted is that a fixed exchange rate yields relatively low wel-
fare for low values of 6, but it can yield higher welfare than money
targeting for higher values of 0. The welfare performance of money
targeting declines quite sharply for high values of 6. This is because
money targeting causes high volatility of output for high values of 0—
as can be seen in Figure 3(a). This, in turn, is caused by relatively high
volatility in the terms of trade for high values of 0 (as shown below
in Figure 6(a)). High volatility of output has a negative effect on wel-
fare (as can be seen from the approximated welfare measure given in
equation (25)). These effects are similar to those identified in Senay and
Sutherland (2005).

5.2 Endogenous Price Flexibility

Now consider the implications of endogenising the degree of price flex-
ibility. Recall that the degree of price flexibility is determined by the
parameter y. Low values of y imply very flexible prices, while values of
/close to unity imply very rigid prices. The equilibrium degree of price
flexibility depends on the interaction between many different factors.
At the micro level, / i s determined by the balance between the ben-
efits and costs of price adjustment. At this level, from the point of view
of the individual agent, the benefits of price flexibility will be affected
by factors such as the volatility of output, consumption and prices, as
well as the covariances between these variables. In turn, at the macro

(a) Exogenous Price Flexibility

2 4 6 8 10
Intratemporal elasticity of substitution:

(b) Endogenous Price Flexibility

Fixed exchange rateH +

0 * — . • • . 1
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o- - o Inflation taraetina A — AMoney targeting Q — o Inflation targeting

Figure 3
Standard deviation of output (a = 0.003 tp = 7.66)
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level, the volatilities of these variables will be affected by the aggregate
degree of price flexibility itself. Thus, the value of / will be determined
as part of the general equilibrium interaction of all these different fac-
tors. Furthermore, the equilibrium will be affected by strategic interac-
tion between agents in their individual choices of y's. It is likely that
there is a strong degree of strategic complementarity between agents
in their choice of y—i.e., an individual agent's choice of y will be posi-
tively related to the aggregate choice of y.

Figure 1 plots the equilibrium values of /for the home country for a
range of values of 9. There are three features of this figure that should
be noted. First, the equilibrium value of / i n the inflation targeting
regime is unity. Second, money targeting leads to a negative relation-
ship between / a n d 9, with relatively low values of equilibrium /for
high values of 9. And third, the fixed exchange rate leads to a positive
relationship between / a n d 9, with relatively low values of equilibrium
/for low values of 9. (Notice also that, for some ranges of 9, money
targeting gives rise to corner solutions, where the equilibrium value of
/ i s unity.)

Despite the potentially complex interactions that determine the equi-
librium / it is possible to gain some insight into the mechanisms at
work by considering the volatilities of some of the main macro vari-
ables shown in Figures 3 to 6. In particular, consider the optimal price
(p°Ht), or, more specifically, consider the gap between the optimal price
and the actual price level. This "price gap" is the difference between the
price that agents would like to set if it was possible to reset prices every
period and the average price actually set. The volatility of the "price
gap" is plotted in Figure 4(a). When this price gap is very volatile in the
exogenous-price-flexibility case it indicates a strong (latent) incentive
to vary prices. Conversely, when the price gap is very stable there is
little incentive to vary prices. Thus, for the inflation targeting regime,
Figure 4(a) shows that the price gap is completely stable. There is thus
no pressure for agents to choose a high degree of price flexibility in this
regime. This explains why the equilibrium / i n the inflation targeting
case is unity (as shown in Figure 1). The equilibrium y's in the other
monetary regimes are also inversely related to the volatility of the price
gap. Money targeting causes high volatility of the price gap at high val-
ues of #and this translates into a low equilibrium value of / (as shown
in Figure 1), while the fixed rate regime causes a high volatility of the
price gap at low values of 0and this likewise leads to a low equilibrium
value of /
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The behavior of the price gap can, in turn, be traced to the behavior of
other variables. In the case of money targeting, the most important vari-
able appears to be output. As previously explained, with exogenous
price flexibility, at high values of 0, output is very volatile in the money
targeting regime (see Figure 3(a)). Equation (18) shows that output is
one of the main determinants of the optimal price, hence high output
volatility leads to high volatility of the optimal price and high volatility
of the price gap. This creates a strong incentive to choose a low value
of y. Notice from Figure 3(b) that, in the endogenous-price-flexibility
case, the extra price flexibility induced by the money targeting regime
at high values of 6 leads to more stable output compared to the exog-
enous-price-flexibility case.

It is important to note that, while money targeting creates excessive
output volatility at high values of 9, agents do not desire to stabilize
output completely. A positive K shock implies that home agents would
prefer to work less. Thus agents would like output to be negatively
correlated with K. The foreign labor supply shocks and inflation shocks
(by causing fluctuations in the demand for home goods) also create
changes in the desired output levels of home agents. For these reasons,
a more accurate impression of the degree of excess volatility of output
can be obtained by considering the "output gap," i.e., the difference
between actual output and the level of output in a flexible price equilib-
rium. The volatility of the output gap is shown in Figure 5. Figure 5(a)
shows that in the exogenous-price-flexibility case, as with the absolute
output level, money targeting creates high volatility of the output gap
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for high values of 6. Figure 5(b) shows that the extra price flexibility
induced by the money targeting regime at high levels of 6 leads to a
more stable output gap.

Notice from Figure 5(a) that the inflation targeting regime perfectly
replicates the flexible price equilibrium and thus perfectly stabilizes the
output gap.

The explanation for the relatively low equilibrium value of yin the
fixed rate regime, shown in Figure 1, is also related to the behavior of
the output gap. The important mechanism here is the impact of the
fixed nominal exchange rate on movements in the terms of trade. A
fixed nominal exchange rate combined with sticky nominal prices tends
to suppress movements in the terms of trade (as can be seen in Figure
6(a)). This, in turn, tends to prevent output from responding appropri-
ately to the labor supply shocks. There is thus an incentive to adjust
prices in order to generate the required movement in the terms of trade.
This translates into a low equilibrium value of y in the endogenous-
price-flexibility case. This effect is strongest at low values of 0 because
the terms of trade movements necessary to produce the required move-
ment in output are larger when 9 is small (because the expenditure
switching is relatively weak in this case).

The results just described for the fixed rate regime are consistent with
the policy argument described in the introduction to the paper, namely
that a fixed rate regime, such as the European monetary union, may
lead to greater price flexibility, which, in turn, may offset the negative
welfare effect of the loss of monetary policy independence.
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Having constructed a model that generates an increase in price
flexibility in a fixed rate regime, the crucial question that must now
be considered is whether the increase in price flexibility leads to an
improvement in the welfare performance of the fixed rate regime. This
question can be addressed by considering Figure 2(b). This figure shows
the welfare comparison between regimes in the endogenous-price-flex-
ibility case. It is immediately apparent from this figure that endogenous
price flexibility makes little difference to the first-ranked policy regime,
i.e., inflation targeting continues to yield the highest level of welfare of
the three regimes for values of 0 greater than unity.

Despite the continued welfare superiority of inflation targeting,
endogenous price flexibility does lead to a number of changes to the
welfare performance of the other two regimes that are worth highlight-
ing. Firstly, the extra price flexibility induced by money targeting at high
levels of 6 leads to a reduction in the level of welfare when compared
to the exogenous-price-flexibility case (see Figures 2(a) and 2(b)). The
greater price flexibility induced by money targeting does lead to lower
output volatility for high levels of 6 (as can be seen from a comparison
between Figures 3(a) and 3(b)). This reduction in output volatility does
have a positive welfare effect. But this is more than offset by the greater
costs of price adjustment that are incurred when the equilibrium value
of /is low. The negative welfare effect of price flexibility is sufficiently
strong to imply that the welfare ranking of money targeting relative
to the fixed exchange rate regime is reversed for values of 6 (approxi-
mately) in the range 7 < 9 < 9.
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Figure 2(b) also shows that the extra price flexibility generated by
the fixed exchange rate at low values of 9 reduces the welfare yielded
by the fixed rate. The extra price flexibility induced by the fixed rate
does lead to more variability in the terms of trade (as can be seen from
a comparison of Figures 6(a) and 6(b)). This has a positive welfare effect
because the terms of trade can now respond more easily to labor supply
shocks. But this welfare benefit is more than offset by the extra costs of
price flexibility arising from the low value of y The net result is that the
fixed exchange rate is significantly worse than both money targeting
and inflation targeting at low values of 9.

Thus, for both the fixed rate regime (at low values of 9) and the money
targeting regime (at high values of 9) extra price flexibility appears
to have a negative impact on welfare. At first sight this may appear
surprising. After all, given that agents are individually choosing the
degree of price flexibility in order to maximize individual utility, why
do agents end up choosing a level of price flexibility that yields lower
aggregate utility? The explanation is that, in their individual choices of
price flexibility, agents are acting noncooperatively. Furthermore, there
is a strong degree of strategic complementarity in the choice of price
flexibility that implies that the Nash equilibrium value of y is likely to
be very different from the socially optimal y. In the cases considered
here, it appears that the Nash equilibrium in the choice of y results in
excessively low values of y Thus the welfare benefits of greater price
flexibility are outweighed by the high costs of price flexibility.

The results in Figures 2(a) and 2(b) can now be used to address the
two questions outlined in the introduction to this paper. The first ques-
tion related to the impact of endogenous price flexibility on the wel-
fare ranking of regimes. Figures 2(a) and 2(b) show that, while the first
ranked regime is unchanged, there is a change in the welfare ranking
of the fixed rate and money targeting regimes for values of 9 in the
range 7 < 9 < 9. The second question related to the proposition that a
fixed exchange rate may create sufficient price flexibility to offset the
loss of monetary independence. The results in Figure 1, 2(a), and 2(b)
show that, while a fixed rate does lead to greater price flexibility at
low values of 9, this has an overall negative impact on welfare. Greater
price flexibility therefore does not compensate for the loss of monetary
independence.

Before concluding, it is necessary briefly to consider the extent to
which the results just described are sensitive to variations in the
parameters of the model. Two parameters are likely to be particularly
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important. One is a, which determines the costs of price flexibility
(in equation (19)). The other is 0, the elasticity of substitution between
individual goods. The role of a is obvious: the more costly it is to
have flexible prices, the less the degree of price flexibility will change
in response to a change in monetary regime. The role of <p is more
subtle. The parameter <f> determines the price elasticity of demand
for individual goods, (see equations (12) and (14)). Thus, when 0 is
large, any increase in the degree of aggregate price flexibility, which
is accompanied by an increase in aggregate price volatility, will
generate a strong effect on the volatility of output for an individual
agent. The presence of high aggregate price flexibility therefore creates
a strong incentive for the individual agent also to choose a high degree
of price flexibility. Thus, a high value of 0 implies a high degree of
strategic complementarity between agents in their choice of price
flexibility.

Figures 7 and 8 show the implications of a higher value of a. For these
figures a is set at 0.004 (which implies aggregate price adjustment costs
of 0.1 per cent of GDP if prices are adjusted at an average rate of once
every four quarters). Figure 7 shows the resulting equilibrium values
of y for the three monetary regimes. It is clear that the same general
pattern of results emerges, except that the values of the equilibrium
y's are higher than in the benchmark case. Figure 8 shows the welfare
comparison (where again the left panel shows the case of exogenous
price flexibility and the right panel shows the case of endogenous price
flexibility). The qualitative pattern of the welfare comparison is very
similar to the benchmark case.
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Figures 9 and 10 show the implications of a lower value of </>. For
these figures 0 is set at 4.0. As explained above, this reduces the degree
of strategic complementarity between agents in their choices of y. This
implies that the equilibrium value of / should be less sensitive to a
change in monetary regime. This is confirmed in Figure 9. The qualita-
tive pattern of the welfare comparison (shown in Figure 10) is again
broadly similar to the benchmark case.

6. Concluding Comments

This paper has analyzed the implications of endogenous price flex-
ibility in a general equilibrium model where agents may choose the
frequency of price changes. The welfare effects of three policy regimes
are compared under both exogenous and endogenous determination
of price flexibility. The introduction to the paper outlined two reasons
for considering these issues. One was related to the Lucas critique, i.e.,
does a change in policy regime lead to an endogenous change in price
flexibility which alters the welfare performance of regimes? The second
was a more policy related question, namely, does a fixed exchange rate
generate sufficient price flexibility to offset the welfare cost of the loss
of monetary independence? The results described above appear to con-
firm that endogenous price flexibility can lead to a significant change
in the welfare performance of regimes. In one case these changes can
change the welfare ranking of regimes. On the other hand, while a fixed
exchange rate does generate more flexible prices, this extra price flex-
ibility does not compensate for the loss of monetary independence. In
fact, when a monetary regime generates more price flexibility, the over-
all impact on welfare appears to be negative.

Clearly, the results presented above are potentially highly depen-
dent on the form of the model and the specific parameterization used.
A much more extensive sensitivity analysis is required before firmer
conclusions can be drawn. The analysis has shown that the equilibrium
degree of price flexibility is potentially sensitive to the choice of regime,
the costs of price adjustment and strategic complementarity effects (see
Figures 1, 7, and 9). A simple linear function is used to model the costs
of price flexibility. Given the potentially important role played by the
costs of price flexibility, experimentation with other functional forms
for this cost function is a priority. The determinants of the degree of
strategic complementarity in the choice of price flexibility also require
further investigation.
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Notes

1. Devereux (2003) emphasizes the role of strategic complementarity in the incentive of
price setters to re-adjust prices ex post and shows that strategic complementarity increases
the degree of price flexibility.

2. See Lane (2001) for a survey of this literature.

3. Devereux and Engel (1998, 2003) have emphasized the importance of the degree of
exchange rate pass-through for the welfare effects of different exchange rate regimes.
Obstfeld (2002) on the other hand shows that, if imperfect pass-through exists only at
the final goods stage, but not at the intermediate goods stage of production, many of the
results obtained in a model of producer currency pricing continue to hold.

4. Starting with the analysis of Poole (1970), it has long been recognized that the relative
performance of different monetary policy regimes is influenced by the relative strength
of stochastic disturbances.

5. In much of the recent open economy literature it has become standard to assume that
international financial markets allow complete consumption risking. In many applica-
tions this approach proves to be very simple because it eliminates the need to consider
asset stock dynamics. However, the modeling of a complete markets structure becomes
much more problematic in an asymmetric world (such as a small open economy of the
type under consideration here). Any asymmetry, either in economic structure or in policy,
implies an asymmetry in the prices of state-contingent assets. Thus, a correct analysis of a
complete markets structure requires explicit modeling of state-contingent assets and the
determination of their prices. This complication can be avoided, and thus the model can
be considerably simplified, by assuming that international financial trade is restricted to
noncontingent bonds. Of course, the distortion implied by the incompleteness of interna-
tional financial markets has implications for the welfare effects of monetary policy. This
point is further discussed below.

6. There is a separate market for state-contingent assets in each country and there is no
international trade in state-contingent assets.

7. An alternative approach would be to assume that agents can choose a value for /every
time they reset their prices. A structure of this form would, however, be extremely dif-
ficult to solve because it would be necessary to track the distribution of y 's across the
population of agents as the economy evolves. The solution of the model is made much
more manageable by restricting the choice of y to an initial once-and-for-all decision.
Given that the main objective is to investigate how the choice of y responds to the choice
of monetary regime, and given that the choice of regime is itself a once-and-for-all deci-
sion, it seems unlikely that much is lost by restricting the choice of y in this way.

8. In principle, it would be possible to consider other simple monetary regimes for the
home economy. Alternatives include, for instance, a Taylor rule or nominal income target-
ing. However, in order to allow attention to be focused on the role of endogenous price
flexibility, the current analysis is confined to a comparison of money targeting, inflation
targeting, and a fixed nominal exchange rate.

9. It is important to note that, even when price stability is optimal from the point of view
of a global cooperative policymaker, it is not necessarily optimal for an individual coun-
try acting to maximize national welfare. Benigno and Benigno (2003) study the conditions
under which price stability is optimal for cooperative and noncooperative policymaking
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in a two-country model where the elasticity of substitution between home and foreign
goods can differ from unity.

10. In all the results presented below, the foreign economy is assumed to be so large that,
in effect, it is a closed economy. The factors that undermine the optimality of inflation
targeting for the home economy (i.e., incomplete international financial markets and the
non-unit elasticity of substitution between home and foreign goods) therefore do not
apply to the foreign economy.

11. All log-deviations from the nonstochastic equilibrium are of the same order as the
shocks, which (by assumption) are of maximum size e. When presenting an equation that
is approximated up to order two it is therefore possible to gather all terms of order higher
than two in a single term denoted O (e3).

12. In principle 6 can be less than unity. Sutherland (2004), using a model with an exog-
enously fixed degree of price flexibility, analyses the case where 9 is less than unity and
shows that many of the welfare effects of monetary policy are reversed in this region. The
theoretical complications that arise when 6 is less than unity are not directly relevant to
the subject of the current paper, so attention is confined to values of 6 greater than unity.
In addition, the bulk of the empirical evidence suggests that this is the relevant range.

References

Anderson, James, and Eric van Wincoop. 2003. "Trade Costs." Boston College and the
University of Virginia, unpublished manuscript.

Alogoskoufis, George S., and Ron Smith. 1991. "The Phillips Curve, The Persistence of
Inflation and the Lucas Critique: Evidence from Exchange-Rate Regime." American Eco-
nomic Review 81: 1254-1275.

Bacchetta, Philippe, and Eric van Wincoop. 2000. "Does Exchange Rate Stability Increase
Trade and Welfare?" American Economic Review 90:1093-1109.

Benigno, Pierpaolo. 2001. "Price Stability with Imperfect Financial Integration." Discus-
sion Paper no. 2854. London, UK: Centre for Economic Policy Research.

Benigno, Gianluca, and Pierpaolo Benigno. 2003. "Price Stability in Open Economies."
Review of Economics Studies 70: 743-764.

Calmfors, Lars, and Asa Johansson. 2002. "Nominal Wage Flexibility, Wage Indexation
and Monetary Union." Seminar Paper No. 716. Stockholm, Sweden: Institute for Interna-
tional Economic Studies.

Calvo, Guillermo A. 1983. "Staggered Prices in a Utility-Maximising Framework." Journal
of Monetary Economics 12: 383-398.

Chari, V. V. , Patrick J. Kehoe, and Ellen R. McGrattan. 2002. "Can Sticky Price Models
Generate Volatile and Persistent Real Exchange Rates?" Review of Economic Studies 69:
533-564.

Clarida, Richard H., Jordi Gali, and Mark Gertler. 2001. "Optimal Monetary Policy in
Open versus Closed Economies: An Integrated Approach." American Economic Review
(Papers and Proceedings) 91: 248-252.

De Long, J. Bradford, and Lawrence H. Summers. 1986. "Is Increased Price Flexibility
Stabilizing?" American Economic Review 76:1031-1044.



Welfare Performance of Exchange Rate Regimes 399

Devereux, Michael B. 2000. "A Simple Dynamic General Equilibrium Model of the
Trade-off between Fixed and Floating Exchange Rates." Discussion Paper no. 2403.
London, UK: Centre for Economic Policy Research.

Devereux, Michael B. 2003. "Exchange Rate Policy and Endogenous Price Flexibility."
University of British Columbia, unpublished manuscript.

Devereux, Michael B. 2004. "Should the Exchange Rate be a Shock Absorber?" Journal of
International Economics 62: 359-377.

Devereux, Michael B., and Charles Engel. 1998. "Fixed vs. Floating Exchange Rates: How
Price Setting Affects the Optimal Choice of Exchange Rate Regime." Working Paper no.
6867. Cambridge, MA: National Bureau of Economic Research.

Devereux, Michael B., and Charles Engel. 2003. "Monetary Policy in an Open Economy
Revisited: Price Setting and Exchange Rate Flexibility." Review of Economic Studies 70:
765-783.

Devereux, Michael B., and Henry E. Siu. 2004. "State Dependent Pricing and Business
Cycle Asymmetries." University of British Columbia, unpublished manuscript.

Devereux, Michael B., and David Yetman. 2002. "Menu Costs and the Long Run Output-
Inflation Trade-off." Economic Letters 76: 95-100.

Dotsey, Michael, Robert King, and Alexander L. Wolman. 1999. "State Dependent Pric-
ing and the General Equilibrium Dynamics of Money and Output." Quarterly Journal of
Economics 114: 655-690.

Hummels, David. 2001. "Towards a Geography of Trade Costs." Purdue University,
unpublished manuscript.

Kiley, Michael T. 2000. "Endogenous Price Stickiness and Business Cycle Persistence."
Journal of Money, Credit and Banking 32: 28-53.

Lane, Phillip. 2001. "The New Open Economy Macroeconomics: A Survey." Journal of
International Economics 54: 235-266.

Lucas, Robert E. 1976. "Econometric Policy Evaluation: A Critique." Carnegie-Rochester
Conference Series on Public Policy 1:19-46.

Obstfeld, Maurice. 2002. "Inflation Targeting, Exchange Rate Pass-through and Volatil-
ity." American Economic Review (Papers and Proceedings) 92:102-107.

Obstfeld, Maurice, and Kenneth Rogoff. 1995. "Exchange Rate Dynamics Redux." Journal
of Political Economy 103: 624-660.

Obstfeld, Maurice, and Kenneth Rogoff. 1998. "Risk and Exchange Rates." Working Paper
no. 6694. Cambridge, MA: National Bureau of Economic Research.

Obstfeld, Maurice, and Kenneth Rogoff. 2000. "The Six Major Puzzles in International
Macroeconomics: Is There a Common Cause?" NBER Macroeconomics Annual 15: 339-
390.

Poole, William. 1970. "Optimal Choice of Monetary Instruments in a Simple Stochastic
Macro Model." Quarterly Journal of Economics 84:197-216.

Romer, David. 1990. "Staggered Price Setting with Endogenous Frequency of Adjust-
ment." Economics Letters 32: 205-210.



400 Senay & Sutherland

Rotemberg, Julio J., and Michael Woodford. 1999. "Interest Rate Rules in an Estimated
Sticky Price Model." In John B Taylor, ed., Monetary Policy Rules. Chicago: University of
Chicago Press.

Senay, Ozge, and Alan Sutherland. 2005. "The Expenditure Switching Effect and Fixed
versus Floating Exchange Rates." In R. Driver, P. Sinclair, and C. Thoenissen, eds).,
Exchange Rates, Capital Flows and Policy. London: Routledge.

Sutherland, Alan. 2002. "A Simple Second-Order Solution Method for Dynamic General
Equilibrium Models." Discussion Paper no. 3554. London, UK: Centre for Economic
Policy Research.

Sutherland, Alan. 2004. "The Expenditure Switching Effect, Welfare and Monetary Policy
in a Small Open Economy." Discussion Paper no 22. Trinity College Dublin: Institute for
International Integration Studies.

Trefler, Daniel, and Huiwen Lai. 1999. "The Gains from Trade: Standard errors with
the CES Monopolistic Competition Model." University of Toronto, unpublished manu-
script.



Comment

Gianluca Benigno, London School of Economics, CEP, and CEPR

This is a very nice and elegant paper by Ozge Senay and Alan
Sutherland. The main objective of the paper is to examine the extent
to which changes in the degree of price flexibility modify the ranking
of alternative monetary policy regimes in an open economy frame-
work. The model that the authors propose belongs to the New Open
Economy Macro (NOEM) literature that builds models following the
New Keynesian tradition along with rigorous microfoundations. While
most of the literature (with the exception of Devereux, 2004) is based on
the assumption that the degree of price flexibility is exogenously fixed,
Senay and Sutherland depart from it by endogenizing the degree of
nominal rigidity. In my comments I will summarize briefly Senay and
Sutherland's contribution, compare their results with what we have
learned from the literature so far and discuss the implications of some
(key) assumptions.

1. Summary of the Paper

As I mentioned earlier, the set-up of the paper is similar to many NOEM
models. The authors present a two-country stochastic dynamic gen-
eral equilibrium model with nominal price rigidities and monopolistic
competition. The model differs from the "standard" framework (see
Devereux and Engel, 2003 and Obstfeld and Rogoff, 2002) in several
aspects:

(i) It considers an explicit dynamic framework by allowing for prices to
follow a partial adjustment rule a la Calvo;

(ii) The structure of international capital market is incomplete: home
and foreign agents are allowed to trade a risk-free real bond;
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(iii) The elasticity of intratemporal substitution between home and for-
eign produced consumption good differs from the unitary value.

The key departure, though, with respect to the main literature is that,
in (i), individual firms choose, endogenously, the probability of adjust-
ing prices. All firms make a once-and-for-all choice of the probability of
adjusting prices and face an individual specific cost of choosing a higher
degree of price flexibility (i.e., a higher probability of adjusting prices).

In this respect the paper is related to the one by Devereux (2004): in
terms of the structure Devereux (2004) considers a single period model
and assumes unitary elasticity of substitution among home and for-
eign produced goods. In terms of the analysis, Senay and Sutherland
contribute to the literature by examining the welfare implications of
endogenizing the degree of price flexibility. In doing so, the authors
compare the choice between monetary targeting, producer inflation tar-
geting and fixed exchange rate regime for an arbitrarily small country
given that the foreign country (i.e., the "large" one) follows a policy of
targeting its own producer inflation.

The main results of the paper are that:

(a) (in terms of positive analysis) among the factors that determine the
degree of price flexibility, a critical one is represented by the elasticity of
intratemporal substitution, 6. In particular, under fixed exchange rate
regime, low values of 6 imply higher degree of price flexibility.

(b) (in terms of normative analysis) in the welfare ranking, producer
inflation targeting is always superior to the two other regimes under
endogenous price flexibility (as long as 0> 1). On the other hand greater
price flexibility induced by money targeting might reduce welfare for
high values of e compared to a unilaterally fixed exchange rate regime.

As the authors emphasize in the introduction, one of the important
aspect of their analysis is that it might help to understand to what extent
the formation of a Monetary Union might encourage greater price flex-
ibility so to compensate for the loss of monetary independence. In this
sense their question is related to the Frankel and Rose's (1998) argu-
ment of endogeneity of optimum currency area criteria.

2. Why Is It Interesting to Examine the Interaction between the
Degree of Price Rigidities and the Choice of Exchange Rate Regime?

Before analyzing the theoretical results of the paper, I want to briefly
summarize here the empirical implications of the endogenous price
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flexibility mechanism. From the single firm's perspective the deci-
sion on the probability of adjusting prices depends on the volatility of
the macro variables (such as consumption, output and prices). On the
other hand the volatility of these variables depends on the aggregate
degree of price flexibility itself. A nice result (as in Devereux, 2004) is
that this mechanism generates very interesting empirical prediction
that matches some recent empirical evidence on different performances
of macro variables across exchange rate regimes (see Broda, 2001). In
particular, a fixed exchange rate regime will reduce the volatility of the
terms of trade and increase the volatility of the output gap (measured
as a difference between the actual output level and the one that would
prevail under price flexibility). This excess volatility of output might
be related to the findings of Broda (2001).1 Broda (2001), indeed, finds
that, for small developing countries, the effect of real shocks on GDP (in
Broda's analysis these shocks are referred to as "terms of trade shocks")
in a fixed exchange regime is large and significant.

On the other hand, for low-inflation OECD countries, the evidence
presented by Baxter and Stockman (1989) suggests that, by looking
at different exchange rate regimes, the only macroeconomic variable
that differs substantially and systematically is the real exchange rate.
Indeed, along with Flood and Rose (1995), their analysis suggests little
empirical evidence of systematic differences in the behavior of macro
aggregate under alternative exchange rate regimes.

3. How Do the Results Differ from the Case of Exogenously Fixed
Prices?

The early contributions in the NOEM literature by Devereux and Engel
(2003) and Obstfeld and Rogoff (2002) have focused on a model with
prices exogenously fixed one-period in advance and unitary elasticity
of intratemporal substitution.2 Their main result is that, under produc-
tivity shocks, reproducing the allocation that would arise under price
flexibility is optimal both from a cooperative and a non cooperative
perspective (in a Nash-game between the two monetary authorities).
This result would imply that it is optimal for both countries to target
domestic producer inflation, no matter what their size is.

Here we have two key departures from the baseline framework. The
first departure is the assumption of non-unitary elasticity of intratem-
poral substitution (along with international market incompleteness
as in Benigno (2001)); the second is the endogenous degree of price
flexibility.
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Not surprisingly, indeed, for the case in which the elasticity of intra-
temporal substitution is unitary, 6=1, given the timing of events and
the assumption that the foreign ("large") country follows an inflation
targeting policy, producer inflation targeting will be preferred to a fixed
exchange rate regime. So that enhancing price flexibility does not sub-
stitute for the loss of monetary independence in terms of a utility-based
welfare criterion.

The dominance of inflation targeting holds across the ranges of plau-
sible value for the elasticity of intratemporal substitution. This result
parallels the one obtained by Benigno (2001) in a similar framework
with exogenously given probability of adjusting prices: in his work,
the allocation that would arise if the two countries follow a policy of
producer price stability is indeed close to the optimal cooperative out-
come.3

In what follows I want to discuss a couple of aspects of the analysis
related to the welfare analysis and clarify to what extent the analysis
departs from the determination of the optimal policy.

The first element has to do with the assumption of small open econ-
omy and the absence of strategic interaction among countries. In this
paper, a small open economy is characterized by assuming that the
parameter n, corresponding to the country size, is set to a very small
value. Other than that, the framework would be identical to the afore-
mentioned contributions by Devereux and Engel (2003) and Obstfeld
and Rogoff (2002). But in those contributions, as in Benigno (2001) with
a similar market incompleteness structure, the size of the country does
not matter for determining the optimal policy or the extent to which the
producer inflation targeting differs from the optimal policy. Given the
fact that the authors focus on productivity shocks4 and no asymmetries
in the initial holdings of foreign assets, the assumption that the foreign
authority follows a producer inflation targeting policy is innocuous
and indeed the best policy (among the ones considered) would target
home producer inflation. It seems to me then, endogenizing the degree
of price flexibility, does not undermine the dominance of strict inflation
targeting.

The second element is related to another dimension of the analysis
that might be interesting to pursue. In terms of the sequence of events,
we have that, initially, the foreign monetary authority sets its policy of
targeting its own producer inflation. Then the small country chooses its
policy regime: that could be domestic producer inflation, a unilaterally
fixed exchange rate regime or monetary targeting.
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The agents observe the policy choices and then firms will set the opti-
mal degree of price flexibility once for all by comparing expected ben-
efits and costs.

I think then that it would be interesting to explore how the determi-
nation of the optimal policy should take into account the endogenous
degree of price flexibility that is affected by the chosen policy itself. In
equilibrium then the degree of endogenous price flexibility and mon-
etary policy are jointly determined by optimizing agents.5

4. Conclusions

Senay and Sutherland have written an interesting and stimulating
paper. It examines how the degree of price flexibility is affected by the
choice of the policy rules by monetary authorities. The welfare implica-
tions of this interaction are explored. The main conclusion is that, given
the structure of the economy producer inflation targeting dominates
the other two proposed regimes for an arbitrarily small open economy.
It would be interesting to explore the robustness of these results by con-
sidering other disturbances (as government or mark-up shocks) as well
as other distortions for which the assumption that the foreign coun-
try follows an inflation targeting policy might not be innocuous and
the interaction between the degree of endogenous price flexibility and
monetary policy is more relevant.

Notes

1. I want to emphasize here that Broda's analysis considers developing countries for
which the assumptions of the Senay and Sutherland's model are less suitable. It might
well be that other frictions or mechanisms are responsible for explaining the empirical
findings by Broda (2001).

2. Under unitary elasticity of intratemporal substitution, the structure of international
financial markets is irrelevant. Note that for the purpose of normative analysis, it makes
no difference if we consider a one period model (with prices set one period in advance) or
a dynamic model in which prices follows a partial adjustment rule a la Calvo.

3. This result holds as long as the initial holdings of foreign assets are zero.

4. For an analysis of how different types of shocks affect the determination of the optimal
policy when prices are fixed exogenously and markets are complete see Benigno and
Benigno (2003).

5. This would be similar to Corsetti and Pesenti (2002) analysis in which firms choose the
optimal degree of exchange rate pass-through for given monetary policies and monetary
authorities choose optimal policy rules while taking firm's pass-through as given.
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Comment

Matthew B. Canzoneri, Georgetown University

This is a good paper addressing an issue that is long overdue—the
exogenous degree of price stickiness in New Neoclassical Synthesis
(NNS) policy models. The NNS is usually characterized as an optimiz-
ing framework with some form of nominal inertia, and it has become a
workhorse for monetary policy evaluation. However, the "optimizing"
rarely (if ever) extends to the degree of wage/price stickiness in these
models. The current paper will certainly not be the last word on the
subject, but it is a very good start.

In this paper, Senay and Sutherland (S&S) compare three policy
regimes—a constant producer price level (P-targeting), a fixed exchange
rate (E-targeting) and a constant money supply (M-targeting)—in
a small open economy with Calvo-style staggered price setting. The
innovation here is that price setters get to choose the Calvo parameter
y— the probability that they will be able to reset their prices in any given
period—after the central bank announces its policy regime. In choosing
y, price setters tradeoff the benefits of price flexibility against the costs
of frequent price setting, which are assumed to be proportional to 1
- y, the frequency of price setting. S&S calculate "average" household
welfare under each of the three regimes; they find that these welfare
numbers change importantly when price setters are allowed to choose
y. And this is the basic message of their paper: allowing for endogenous
price stickiness can significantly alter our evaluation of the welfare per-
formance of different policy regimes. Point well taken.

S&S's bottom line on the three policy regimes appears in their abstract:
"Inflation targeting yields the highest welfare level despite generating
the least price flexibility..." The wording makes it sound surprising
that the best regime generates the least price flexibility. However, it
should not be: a good monetary policy moves quantities around so as
to make price changes unnecessary, or, in the language of Canzoneri,
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Henderson, and Rogoff (1983), redundant. A good monetary policy
allows price setters to avoid the costs of frequent re-contracting.

S&S's result illustrates the problem with some kinds of economic
thinking. As the paper notes, a not uncommon assertion during the run
up to EMU ran as follows: "... monetary union ... will encourage greater
price flexibility which will partly (or completely) offset the loss of mon-
etary independence." But, it is not at all clear that the responsibility for
getting quantities right should be shifted from the central bank (whose
actions are costless) to price setters (whose actions are costly), and
indeed the paper provides a counterexample. Another area where the
costs of price setters is frequently given short shrift is illustrated by a
paper of mine: Canzoneri, Cumby, and Diba (2004a). In that paper, we
calculate welfare in an economy with a calibrated degree of wage and
price stickiness; then, we calculate what welfare would be with flexible
wages and prices, and we call the difference the welfare cost of nominal
inertia. However, as we note in the paper, there must be a reason why
wage and price setters are slow to post changes; and since we do not
model the factors that gave rise to this observed inertia, our calcula-
tions probably overestimate the net benefit of requiring price setters to
make changes each period.

P-targeting does very well in the S&S model, even though it is not the
optimal monetary policy. The intuition for this is fairly compelling: All
firms face the same productivity shocks and the same marginal cost;1

so, they all have the same notional price. Under P-targeting, monetary
policy moves quantities so as to make the notional price (of firms who
could change prices) equal to the preset price (of firms who can not).
Consequently, firms know they will never want to change prices; and
they set y= 1, eliminating entirely the costs of price setting. Moreover,
since all the firms have the same marginal costs, markups are fixed at
their flexible price levels.

The recent literature suggests two departures from this story that
would make P-targeting much less appealing. The first comes from
Golosov and Lucas (2003), who argue that idiosyncratic shocks are
responsible for most of the observed price changes. If firms faced idio-
syncratic productivity shocks in the S&S model, then they would not
all have the same notional price, and they would presumably not set y
= 1 under P-targeting. Moreover, markups would not be stabilized at
their flexible price levels. The second departure comes from Erceg,
Henderson, and Levin (2000), who show that adding wage inertia to the
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model will create a tradeoff: loosely speaking, price targeting addresses
the staggered price setting, while wage targeting (or output gap target-
ing) would address the staggered wage setting. In Canzoneri, Cumby,
and Diba (2004b), we find that wage targeting strongly dominates price
targeting in a number of calibrated models. So, it would be interesting
to see if either of these modifications to the S&S model made E-target-
ing more attractive relative P-targeting.

I do have a few specific concerns about the modeling. S&S use a
familiar "small country" assumption which implies that the steady
state ratio of home goods to foreign goods is given by:

]
CF {l-n){KH

where KH and KF are preference parameters at home and abroad, and
n is a measure of home country size. (6 is the elasticity of substitu-
tion between home and foreign goods, an important parameter in the
paper.) Since the home country is "small," S&S set n = 0.001. If we
assume steady state preferences are identical (so that KH = KF), the ratio
of home goods to foreign goods in the home consumption bundle is
approximately equal to 0.001. This seems problematic. I will return to
this point later.

Another concern is with S&S's calibration of the cost of price adjust-
ment. S&S assume that this cost is proportional to the frequency of
adjustment: A(/) = a • (1 - y), where a is the factor of proportionality.
S&S set a so that the cost would be 0.075 percent of GDP if y were equal
to 0.75 (or the average duration of a price "contract" is four quarters,
as is often assumed). This is not a large number, but S&S are not very
specific about what these costs actually are, and I suspect that a rather
wide range of values for a would be considered plausible. An alterna-
tive approach would be to simulate the model under a "realistic" rule
for monetary policy, and ask what value of a would make price setters
choose a value of 7 in the range of 0.50 to 0.75 (corresponding to an
average price duration of two to four quarters). This approach would
have the added advantage of letting us see whether the model could
replicate various moments in the data. This would allow us get some
feel for how seriously we should take some of the more specific results
in the paper. Moreover, this approach might help us limit the range
of values for some of the more interesting parameters in the analysis;
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does, for example, the model yield implausible moments for large (or
small) values of 6.

S&S try hard to provide intuition for their results. I am gratified to
see that they took my suggestion, and have provided a discussion of
price and output gaps in the revised version of their paper. However,
NNS models are (as S&S note) very complicated—deceptively so, in
my view. I suspect that some of the intuition may be buried in various
modeling choices that have been made along the way.

One reason I suspect this is because there appear to be three very sim-
ilar models that give different welfare rankings for the policy regimes
studied in this paper. The S&S model implies that P-targeting is bet-
ter than E-targeting for a small country with a large 6. The Sutherland
(2004) and Cova and Sondergaard (2004) models imply that E-targeting
is better than P-targeting for a small country with a large 9.2 All three
models are in the NNS paradigm, with sticky prices and flexible wages.
What can account for the differences? Cova and Sondergaard empha-
size the effect of regime choice on second moments in the model, and
the consequent effect on monopolistic price setting; in effect, they say
that E-targeting provides a beneficial effect on the terms of trade. This
is not a line of reasoning that is found in the current paper. Is the sec-
ond moment effect present in one model, but not in the other? I do not
know. I do know that there are some subtle modeling differences in the
three models. For example, the S&S model employs the small country
assumption that was referred to earlier, while the other two models
do not; and the Sutherland (2004) and Cova and Sondergaard (2004)
models assume international consumption risk sharing while the S&S
model does not. Do these modeling differences matter for the welfare
rankings reported in these papers?

In any case, I very much enjoyed reading this paper. Its basic point—
that allowing for endogenous price stickiness can significantly alter our
evaluation of monetary policy regimes—is certainly well taken. I look
forward to seeing their future work on this issue.

Notes

1. My language is only loosely related to the paper here. In the S&S model, households
are the firms, and preference shocks play the role of productivity shocks.

2. In Alan Sutherland's response to my comments at the conference, he noted that #had
to be very large in the Sutherland (2004) model for E-targeting to dominate, and that S&S
had not considered correspondingly large values of 0 in the current paper.
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