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Abstract

This paper investigates how monetary policy should be conducted
in a two-region, general equilibrium model with monopolistic compe-
tition and price stickiness. This framework delivers a simple welfare
criterion based on the utility of the consumers that has the usual trade-
off between stabilizing inflation and output. If the two regions share
the same degree of nominal rigidity, the terms of trade are completely
insulated from monetary policy and the optimal outcome is obtained
by targeting a weighted average of the regional inflation rates. These
weights coincide with the economic sizes of the region. If the degrees of
rigidity are different, the optimal plan implies a high degree of inertia
in the inflation rate. But an inflation targeting policy in which higher
weight is given to the region with higher degree of nominal rigidity is
nearly optimal.
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“What is the appropriate domain of a currency area? It might
seem at first that the question is purely academic since it hardly
appears within the realm of political feasibility that national cur-
rencies would ever be abandoned in favor of any other arrange-
ment ™

With the creation of the Furopean Central Bank, what seemed to be a
pure academic speculation has become a reality. Following Mundell’s seminal
work, several contributions have emphasized the conditions under which a
currency area is optimal. However, the monetary aspects of a currency area
have been neglected mainly because, as suggested by the above quotation,
the abandonment of national currencies was considered politically infeasible.

The primary purpose of this paper is to investigate the optimal conduct of
monetary policy in a currency area characterized by asymmetric shocks across
regions. Whether monetary policy should stabilize an aggregate measure of
inflation or output or whether it should take into account the dispersion of
inflation or output across regions is an unsolved question. This issue has
received an increasing interest in the current policy debate on the conduct

2 This paper contributes to the

of monetary policy within the Euro-area.
debate in two ways: first, a stylized model that helps to understand how
currency areas work and second, a micro-founded welfare criterion that allows
normative analysis. Our main conclusion is that monetary policy should
follow a particular inflation targeting policy in which higher weight is given
to the inflation rate in the region with higher degree of nominal rigidity.

This work presents a two-region model, where each region is specialized
in the production of a bundle of differentiated goods and where labor is im-
mobile across regions.> Money is not neutral because there are rigidities in
prices. Monopolistic competition rationalizes the existence of price sticki-
ness. A two-region model represents the minimum requirement in order to
study the important role of relative prices. When different regions experi-
ence asymmetric shocks, movements in the terms of trade are important in
explaining the transmission mechanism of monetary policy.

LRobert Mundell (1961), p 657.

2Among others, Bean (1999) and Dornbusch et al. (1998) present an overview of
the issues concerning the implementation of monetary policy in the EMU. Peersman and
Smets (1998), Rudebush and Svensson (1999) and Svensson (1999a) evaluate alternative
monetary policy rules in the EMU by using closed-economy models. Weerapana (1998)
studies the performance of monetary policy rules in a large open economy.

3 Appendix E presents an extension to a K-region area.



The normative results are rooted in the analysis of the existing distortions.
In our framework there are three sources of inefficiency: i) the monopolistic
distortion that induces an inefficient level of output; i) inflation in each re-
glon that creates an inefficient dispersion of prices and i) price stickiness
that may create a non-efficient path of the terms of trade in response to asym-
metric disturbances. By using a deadweight loss evaluation, as in monetary
models by Rotemberg and Woodford (1997) and King and Wolman (1998), it
is possible to build a welfare criterion that accounts for the exact magnitude
of these distortions. In this context the optimal policy is the one that provide
the most efficient allocation of resources. Abstracting from the inefliciencies
induced by monopolistic competition, monetary policymakers would be ex-
pected to stabilize prices within each region, thus avoiding the dispersion of
output across resources produced using the same technology, and would be
expected to induce the right changes in relative prices across regions, thus
allocating resources efficiently following asymmetric shocks. However, this
combined outcome is not feasible. The optimal plan implies a high degree
of inertia in the inflation rates. This feasible first-best can be approximated
by an inflation targeting policy in which higher weight is given to the region
with higher degree of nominal rigidity. This principle is natural, given that
the regions with stickier prices create more distortions in the whole area.

The idea that monetary policy should help in creating an environment
in which resources are allocated efficiently is well grounded in the monetary
policy agenda. The Bulletin of January 1999, ECB (1999), explicitly states
that one of the main arguments for price stability is that “price stability
improves the transparency of the relative price mechanism thereby avoiding
distortions and helping to ensure that the market will allocate real resources
efficiently both across uses and across times. A more efficient allocation will
raise the productive potential of the economy.”

As it happens, the architects of the European Monetary Union have spec-
ified a quantitative target in terms of a weighted average of the harmonized
index of consumer prices of the countries belonging to the union (HICP-
targeting): the weights coincide with each country’s share of total consump-
tion.

In this work, we show that the HICP-targeting is optimal only when the
regions share the same degree of nominal rigidity. For example, consider two
regions of equal GDP size such as France and Germany. HICP-targeting
implies that each country has a weight equal to one half. Instead, if price
contracts in Germany last 20% longer than in France, then the weight given to

3



German inflation rate should be increased by 20%. Moreover, the deadweight
losses can be substantially reduced by shifting from the HICP-targeting to our
proposed policy even for a small difference in the degree of nominal rigidity
across regions. As with the HICP-targeting policy, our policy is transparent
and easy to implement and to monitor.

In a currency area characterized by labor immobility, relative price stick-
iness, and decentralized fiscal policy, the impossibility of achieving the ef-
ficient outcome is similar to the Mundellian theory on the optimum area
except with a new micro-founded perspective. Indeed, the interpretation
instrument-toward-distortions emphasizes the lack of instruments. We show
that, in an open economy, the exchange rate provides the flexibility needed
in order to achieve the efficient outcome.

The work is organized as follows. Section 1 presents the structure of
the model. In Section 2, the log-linear approximation to the equilibrium
conditions is presented. Section 3 analyzes the positive consequences of the
equilibrium. Section 4 offers the welfare analysis and determines the optimal
policy. Section 5 compares the outcomes of a certain class of policies. Section
6 analyzes the optimal monetary policy in a cooperative decentralized setting.
Finally, section 7 outlines some possible extensions in this research program.

1 Structure of the model

We develop a two-country optimizing model with sticky prices, incorporat-
ing elements from both the recent closed-economy literature on the effects
of monetary policy and the recent open-economy literature on exchange rate
determination.* In this section, we describe the main features of our frame-
work, focusing on the principal elements of departure from the previous treat-
ments.”

A currency area is a group of regions that share the same currency. One
currency means there is one central bank that is entitled to issue money
and to conduct monetary policy within that area. A different institution
conducts fiscal policy. But whereas there is a common central bank, different
fiscal authorities can be assigned to different regions.

4Goodfriend and King (1997) summarize developments in the literature on monetary
policy in closed economy, while Lane (1998) surveys recent work on optimizing sticky-price
models in the open-economy context.

° A detailed exposition of the model is in Appendix A.



The simplest form of a currency area that is of interest for our analysis is
a two-region area with a single central bank and two fiscal authorities. Each
fiscal authority has sovereignty over only one region. The two regions are
labeled, H and F. The whole area is populated by a continuum of agents
on the interval [0,1]. The population on the segment [0,7) belongs to the
region H, while the segment [n, 1] belongs to F. There is no possibility of
migration across regions. A generic agent, which belongs to the area, is both
producer and consumer: a producer of a single differentiated product and a
consumer of all the goods produced in both regions.

Each agent derives utility from consuming an index of consumption goods
and from the liquidity services of holding money, while derives disutility
from producing the differentiated product. The whole area is subjected to
three region-specific sources of fluctuations: demand, supply and liquidity-
preference shocks. Households maximize the expected discounted value of
the utility flow.

We assume that wealth can be accumulated by holding money or bonds.
Within a region households are allowed to trade among themselves in a set
of bonds, that span all the states of nature, thus consumption, within that
region, is insured. However, we assume that markets are incomplete across
regions: households can trade only in a nominal non-contingent bond de-
nominated in the common currency.

Our stochastic model is not solvable in a closed form solution and an
approximation around a steady state is needed. In an open-economy repre-
sentative agent model with incomplete markets, if the real interest rate differs
from the value implied by the rate of time in the consumer preferences, assets
are accumulated in one region and decumulated in the other. It can be the
case that following a shock that affects the real interest rate, the new steady
state level of consumption differs from the initial steady state. The implied
non stationary of consumptions and assets impairs the significance of any
approximation. In the open-economy business cycle literature, this problem
has been overcome in two ways; here we list them without further discussion:
1) following Uzawa (1968), Mendoza (1991) uses an endogenous rate of time
preference; ii) Cardia (1991) assumes a finite probability of death, so that
the subjective discount rate becomes a function of financial wealth.®

In this work, without imposing complete markets, we obtain stationary

8 Ghironi (1999) introduces in a deterministic model an overlapping generation structure
with increasing population.



consumption by assuming a unitary elasticity of substitution between the
consumption of the bundles of goods produced in the two regions. In this
case, relative prices automatically stabilize the output risks and there is per-
fect insurance of consumption across regions. The idea that the structure of
preference can result in a case in which the gains form international portfolio
diversification are irrelevant has been exploited by Cole and Obstfeld (1991).”
Their simulations show that for industrial economies this assumption may
not be so inaccurate.

Money matters because agents derive utility from its liquidity services. If
real money balances and consumption are separable in utility and prices are
flexible, money is neutral. In order to give a role to monetary policy, as it is
common in the literature, we introduce both nominal rigidity and a market
structure characterized by monopolistic competition. The latter assumption
rationalizes the existence of price stickiness, allowing producers not to violate
any participation constraint. Nominal rigidity are introduced using a model
a la Calvo (1983), thus allowing fluctuations around the equilibrium for a
longer period of time.® In each period a seller faces a fixed probability 1 — o
of adjusting its price, irrespective on how long it has been since the seller had
changed its price. In this event the price is chosen to maximize the expected
discounted profits under the circumstance that the decision on the price is
still maintained. We have that 1/(1 — «) represents the average duration
of contracts within a region. In this model, not only are regions affected
by different shocks, but they are also characterized by different degrees of
nominal rigidity. In a context in which shocks are asymmetric, the degrees
of nominal rigidity are crucial in explaining the transmission mechanism of
monetary policy. In the analysis that follows, most of the results are driven
by different assumptions on the degrees of rigidity across regions.

Our analysis is focused more on normative issues: in fact, we character-
ize the optimal plan under different assumptions on the degrees of nominal
rigidity. In this work we do not discuss issues of implementation, i.e. how
monetary policy should set its instrument in order to achieve or mimic the
optimal plan. However, whenever it is needed, we identify the instrument

"Cole and Obstfeld (1991) analyze a model with flexible prices, while Corsetti and
Pesenti (1998), in a perfect foresight model, allow prices to be sticky for at most a finite
period of time.

#Yun (1996), in a closed-economy model, and Kollmann (1996), in a open-economy
model, introduce Calvo’s type of price-setting into dynamic general equilibrium monetary
models.



of monetary policy in terms of the one-period risk-free nominal interest rate
on the nominal bond denominated in the common currency. This is con-
sistent with the evidence of several empirical works, as Clarida, Gal{ and
Gertler (1997), Smets (1995) and Taylor (1993), in which the transmission
mechanism of monetary policy is rooted in the transmission across the term
structure of an impulse given to the short-term interest rate.

In terms of our equilibrium conditions, the assumption that the instru-
ment of monetary policy coincides with the interest rate means that the
money market equilibrium condition can be neglected, provided we are not
interested in characterizing the path of real money balances or that of money
supply in the whole area.

In the next section we present the log-linear approximation of the struc-
tural equations of the model.

2 Equilibrium fluctuations

The equilibrium involving small fluctuations around the steady state is ap-
proximated by a solution to a log-linear approximation to the equilibrium
conditions. In this section, we first focus on the fluctuations around the
steady state in the case in which prices are flexible, then we will analyze the
case in which prices are sticky according to Calvo’s model. Given a variable
X; we denote with X, the deviation of the logarithmic of that variable from
its steady state in the case prices were flexible; while with )/(\t we denote the
deviation of the same variable under sticky prices. Other simplifying nota-
tion is useful. Given a generic variable X, a union variable X" is defined as
the weighted average of the region’s variables with weights n and 1 —n

XV =nX" 4 (1-n)XT,
while a relative variable X is defined as

Xt=Xx"_x*,

2.1 Flexible Prices

With flexible prices, prices are set as a mark-up over marginal costs, monetary
policy is neutral and real variables are affected only by “real” disturbances



as follows
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where CY', YW T are respectively union consumption, union output and
the terms of trade. The latter is defined as the ratio of the price of goods
produced in region F' to that produced in region H. Moreover 71 and ¢! are
respectively supply and demand shocks specific to region i, while 1 and p are
the inverse of respectively the elasticity of labor supply and the intertemporal
elasticity of substitution of consumption. Union consumption and output
depend only on union supply and demand shocks. With flexible prices, the
marginal utility of consumption is proportional to the marginal disutility of
producing goods. While a positive supply shock, independent of the region of
origin, increases in the same proportion both union consumption and output,
a positive demand shock increases union output but has a crowding out effect
on consumption. This is because following a demand shock agents have to
increase their effort, inducing an increase in the disutility of labor supply. A
lower level of consumption, by increasing its marginal utility, partially offsets
the increasing disutility of supplying more output.

The terms of trade are affected only by relative disturbances. In fact
its crucial role is that of balancing the burden of exerting output across
regions. Risk sharing in consumption implies that the marginal disutilities
of labor supply are equated between the two regions. Whenever there are
asymmetric disturbances that induce the households in a region to work
more, changes in the terms of trade optimally shift part of the burden to the
household in the other region. A larger demand shock in region H than in
region F' appreciates its terms of trade, while a larger supply shock leads to
a depreciation. Another characteristic of the flexible-price equilibrium is the
complete insulation of the terms of trade from monetary policy, as in ad hoc
models such as Obstfeld (1985) and Clarida and Galf (1994).

In an equilibrium in which the union inflation rate is zero, the implied
path of the nominal interest rate Ry is
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This natural interest rate is only a function of union disturbances. It is worth
noting that given a demand shock, no matter if the shock is originating in
region H and I, the interest rate will respond in the same direction and, once
we normalize the shock for the size of the region, with the same magnitude.
A similar argument applies following a supply shock.

2.2 Sticky Prices

Here we discuss how the log-linear approximation of the equilibrium will
behave under the hypothesis of sticky prices. The log-linear version of the
Euler equation and of region H and I’ aggregate outputs are

EtatVL = atW + /)71(}3% - Eﬂzl)v (1>
}A/H,t =(1- n)ft + @W + gtH, }A/F,t = —nﬁ + @W + gtF, (2)

where 7 is the inflation rate.” In (1) the expected growth of consumption
depends positively on the real return. In (2), }A/H,t and ?F,t are output respec-
tively in region H and F'. Combining (1) and (2) we obtain the intertemporal
IS equation
Y =g = p B Y (Rerj — ),
7=0

which is well known in the closed-economy literature (see Kerr and King
(1996) and Woodford (1996)). However in our context it is union output
that depends not only upon short real interest rates, but also upon long
real rates. Expectations of future monetary policy as well as expectations of
the implied path of the union inflation rate affect the current equilibrium of
union output. Further insights can be retrieved by analyzing the behavior
of the sticky-price equilibrium compared with the flexible-price equilibrium.
By defining the consumption gap as ¢V = CW — C" and the union output
gap as y" = yw— }N/W, we have

o =yl =—p 'ED (R — mhig1) — Ryl
=0

where the consumption and the output gap are explained by the expected
deviations of current and future real rates with respect to the natural real

9Equation (1) represents a log-linear approximation of equation (A.8) in Appendix A,
while equations (2) are derived from (A.16).
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rate. Expectations of a continuous contraction of the real rate above the
natural rate lead to a negative output gap.

The supply block of the model contains the aggregate supply equations
of regions H and F' as

i = (1—n)ki (T, — T,) + kKE(C)Y — CV) + BE" |, (3)
w1 = —nki(T, — Tp) + k5 (C)Y — CV) + BE, 4, (4)

where the region-specific inflation rates depend on the expectations of future
price-setting behavior as well as on the deviations of the terms of trade and
consumption from their natural rates.'® The bigger the region, the more rela-
tive prices influence the inflation rates. Focusing on the AS equation in region
H, an increase in the terms of trade shifts the AS equation and increases infla-
tion of region H through two channels. The first is the expenditure-switching
effect: an increase in the price of goods produced in region F' relative to goods
produced in H boasts the demand of goods produced in region H, pushing up
inflation in this region. The second is the reduction in the marginal utility of
nominal income: the optimal response is to increase prices in order to offset
the fall in revenues. We can rearrange equation (3) and (4) in a form that is
familiar with the “New-Keynesian Phillips curve” literature

= (1—n) (k¥ — k&) (T, — T)) + k& - (Yire — Yie) + BErl,,  (5)

m = —n(kp — k&) (To = T) + k& - (Ve — Yiu) + BEmf, 4, (6)

in which we have emphasized the dependence on the region-specific output
gap. But, in contrast with the closed-economy formulation, the terms of
trade gap still matters.

The latter link has interesting implications. The “New-Keynesian Phillips
curve” has attracted considerable attention from researchers. A big criticism
of the closed-economy formulation is the absence of a trade-off between stabi-
lizing inflation and output gap. Inflation can be reduced at no cost in terms of
output gap. Non rationality in the formation of expectations, Roberts (1998),

10We have that 3 is the intertemporal discount factor in the consumer preferences; o is
the elasticity of substitution in consumption between goods produced in the same region.
We have defined k%, = [(1—a'8)(1—ai)/a]-[(p+n)/ (1+om)] and k5 = ki-[(1-+n)/ (p-+n)]
for i = H or F. Here 7l =InPy+/Pr i1, vl =InPp;/Ppi 1, where Py and Pp; are
prices of the bundles of goods produced respectively in region H and F. A full derivation
is in Appendix B.
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and partially backward-looking price-setters, Galf and Gertler (1998), are the
extensions that have been used in order to respond to this criticism. With-
out relaxing any assumption, our open-economy formulation gives a different
perspective. Focusing on the AS equation of region H, we have

wl =B > B =)k = kE) - (Topn — Tow) + k& Vi — Yaers)],

k=0
where a zero inflation rate requires both the terms of trade gap and the
output gap to be zero. As we will see in the next sections, it is an exception
when these two gaps can be closed simultaneously.! Furthermore in our

specification it is inherent an implicit inertia in the inflation rate. In fact the
definition of the terms of trade implies

Ty PrtPpia
- 9
thl PH,t PF,tfl

and in the log-linear form
T,=T, 1+n] —xf. (7)

It follows that the terms of trade is a state variable. If monetary policy is not
able to eliminate the link between the inflation rate and the terms of trade,
inflation itself will be a function of its past values. Thus our specification
points toward a simultaneous estimation of the two AS equations under the
restriction imposed by the terms of trade identity, in order to better describe
the inflation dynamics.

How important are terms of trade effects? The answer depends on the
degree of openness of the regions within the union. As for the European
Union as a whole, the ratio of exports of goods to union GDP, is of the
order of 14%. While each country, considered separately, has an export ratio
including the intra-union trade, ranging from 19% to 62%. Thus intra-union
openness is high and terms of trade effects are important.

Equations (1), (2), (3), (4) and (7) combined with the log-linear version
of the interest rate rule characterize completely our log-linear equilibrium
dynamics.

U Erceg, Levin and Henderson (1999) offer a similar conclusion in a closed-economy
model in which both prices and wages are sticky. In their case the stickiness of real wage
creates the trade-off between output and inflation.
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3 Positive Analysis

In this section we focus on some positive implication of the equilibrium under
price stickiness which is described by the log-linear approximation of the
previous section.

3.1 Equal Degrees of Nominal Rigidity Across Regions

First we restrict the degrees of nominal rigidity to be the same across regions,
ie. off = of'. This is not a realistic scenario but it can provide a good
benchmark for comparing more general frameworks. From this assumption
it follows that k:JH = /{:JF, for j =C,T.

In this case, the AS equation related to the union inflation rate is
T =ko(y") + BEmY L, (8)

and it has the same interpretation as a closed-economy AS equation, in which
all the variables are substituted with their union correspondents. There is
no trade-off in stabilizing the union inflation rate and the union output gap.
Moreover using the Fuler equation we have

Et@z/u) =y + Pil(ﬁ% — R, - EtWK/H)- 9)

We can ‘close’ this two equations with a particular interest rate rule in which
the interest rate is forced only to react to a weighted average of regional vari-
ables or a weighted average of regional shocks. The weights should coincide
with the economic size of the regions. As an example, a classical Taylor’s
rule belongs to this class

ﬁit = /’Lﬂ_}t/v + ¢th7

in which the interest rate reacts to the union inflation rate and the out-
put gap; p and ¢ are policy parameters. Given this particular class of rules,
equations (8), (9) combined with the rule are sufficient to determine the equi-
librium path of 7}", ;" and }3%, under certain restrictions on the parameters
of the rule. We have also the following proposition.

Proposition 1 If of = o and if the interest rate reacts only to a weighted
average of variables and shocks, then if the equilibrium is determinale, asym-
melric shocks do not create asymmelric responses of each of the following
variables ™, y"V and R.
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Proof. It follows directly from the previous discussion. B

It is misleading at this stage to interpret Proposition 1 as pointing towards
a direct relation between a currency union and a particular ‘closed’ economy
in which variables are substituted with their respective union average. In
fact the rule identified is highly special and if it may seem a sensible class of
rules to which we can focus the attention, we should have solid arguments
to prefer this class instead of others. Moreover from a positive point of view
inflation rates in each region are variables of interest and the determination
of relative prices is crucial for their determination. We have then

mp = —kp(Ty = T) + BB/, (10)

where the pressure on relative inflation is given by the deviations of the terms
of trade from their natural rate. Noting that 7' = T; — T;_; we obtain

1+8+kr~ 14 kr ~
—ﬂﬂ TTt—I-ETtAZ—FTTt- (11)

Proposition 2 If off = o, (i) there exists a unique stable solution for the
equilibrium terms of trade, (ii) the terms of trade are completely insulated
from monetary policy, (iii) the terms of trade cannot be at their efficient
level ﬂ at all datest unless ﬂ = 0 at all dates t.

BT —

Proof. In Appendix D. &

The result of insulation of the terms of trade is highly special. It holds in
the flexible-prices case but also in this special case with sticky prices. When
sellers set their prices, they consider as given the price indexes as well as
the aggregate consumption index. Regional price indexes are determined in
equilibrium, by the price-setting decisions, while consumption is influenced
by monetary policy. In this special case regional price indexes react with the
same magnitude to movement of the aggregate consumption, thus neutraliz-
ing monetary policy. In fact the degree of influence of aggregate consumption
on sellers who are changing their price is independent of the region of resi-
dence of the sellers. Moreover when af = a! the same fraction of sellers is
changing prices in each region. It follows that monetary policy cannot induce
asymmetries in the inflation rates.

However here we stress that, even though monetary policy is not influ-
ential, distortions given by the stickiness of prices remain and the path of
the terms of trade does not match changes in the natural level. The degree
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of price stickiness matters for the degree of inertia in the terms of trade. If
prices adjust less frequently, the response of relative inflation to changes in
the terms of trade from its natural rate decreases and the inertia in the terms
of trade increases.

3.2 Different Degrees of Nominal Rigidity Across Re-
gions

In the previous paragraph we have analyzed the case in which the duration of
price contracts is equalized between regions. Here we relax this assumption in
order to discuss the robustness of the above conclusions. Taking a weighted
average of the AS equations we obtain

m =0T, = T) + sV = V") + BB, (12)

where not only the deviations of union output from its natural level, but
also the deviation of the terms of trade from their natural rate, generate
12 Tt is no longer true that the closed-
economy version of the New-Keynesian Phillips curve can be adapted to a

pressures on union inflation rate.

currency area. Unlike the previous section, relative prices are important and
a trade-off between stabilizing union inflation and union output may exist.
In this general case, relative inflation rate is

RF = (T~ )+ (T = T) + BBl (13)

where again unlike the previous section, monetary policy has an influence
on the terms of trade, through the influence on union consumption or union
output. In general monetary policy rules can stabilize or destabilize the terms
of trade and more importantly the inertia of the terms of trade can affect the
dynamics of union inflation and consumption.

In this work, we are not directly interested in evaluating only quantitative
relations among variables following different rules, but we focus more on
normative issues. As a result of this section, some interesting questions

12%We have defined

0=n(l—n)(k¥ — kL), rk=nkl + 1 -n)kE,
Y =nkk + (1 —n)kd, w= kL —kE.
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arise. Should monetary policy be conducted in a way to stabilize the union
inflation rate or should it take into consideration the distribution of inflation
rates across regions? Should monetary policy stabilize union output or should
it stabilize region-specific output? In order to proceed with these normative
issues, a welfare criterion should be specified.

4 Normative Analysis

The objectives of the monetary policymakers in a specific country or area
are a blending of different factors: structure of the economy, preferences ei-
ther of the society or of the political authority, internal preferences of the
central bank, independence of the central bank from the political authori-
ties. In some cases it is the legislator that assigns the central bank specific
objectives.?

In the European Monetary Union, the European System of Central Bank
has the primary objective of maintaining price stability. Monetary policy
may sustain the economic growth of the regions, but this should be done
without any prejudice to price stability. As outlined by Svensson (1999b),
defining price stability boils down to defining the monetary-policy loss func-
tion. But the architects of European monetary policy have been more explicit
by stating that “price stability shall be defined as a year-on-year increase in
the Harmonized Index of Consumer Prices (HICP) for the euro area of be-
low 2%”.** By giving a quantitative definition of price stability, they have
implicitly defined the monetary-policy loss function in terms of the HICP. In
this work we argue that it is not always the case that the optimal monetary
policy is achieved with the stabilization of the HICP (in our model we have
gHICP = W) Fven if it is an appealing and simple target, it does not
properly take into account all the costs that society incurs because prices do
not allocate resources efficiently.

Following Rotemberg and Woodford (1997, 1998), King and Wolman
(1998) and Woodford (1999a, 1999b), a standard public finance approach

13See Blinder (1998) for a view on central banking.

14The Harmonised Index of Consumer Prices inside the euro-area is a weighted average
of the single-country HICP. Each country has a weight equal to the share of its total private
consumption relative to the euro-area private consumption. The private consumption of
each country is evaluated in the common currency and then related to the euro-area

consumption. In our model the HICP is 7%
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is used in order to evaluate the magnitude of the distortions existing in the
economy. As taxation creates distortions in prices and quantities, thereby
causing a deadweight loss, the distortions that allow monetary policy to exist
create a misallocation of quantities and prices within each region and across
regions. This approach is very attractive because in the closed-economy
framework it delivers a welfare criterion only in terms of squares of infla-
tion and output gap, the latter taken in deviations from a desired level. It
also justifies price stability as the optimal conduct of monetary policy, see
Woodford (1999a).

In our framework, a natural welfare criterion that allows an evaluation of
the deadweight loss is the discounted sum of the utility flows of the households
belonging to the whole union. The average utility flows, disregarding liquidity
effects, is defined at each date ¢ as

wy =U(Cy) — /01 V(y(4), 2))dj,

where it has been implicitly assumed that each region has a weight equal to
its economic size.!® This particular choice of weights has a convenient impli-
cation: the optimal equilibrium allocation between leisure and consumption
in a central planned economy implies the efficient condition, i.e. the equal-
ity between the marginal utility of consumption and leisure. The welfare
criterion of the whole union is then defined as

W = E() {fﬂtwt} .
t=0

Following Rotemberg and Woodford (1997,1998) and Woodford (1999a), we
compute a second-order Taylor series expansion of W around the determin-
istic steady state where all the shocks are zero. Our second-order approxi-
mation delivers an intuitive representation of the welfare function:

W = —QFE, {io ﬂtLt} , (14)

t=0

with

Lo = Ay =7 P4n(1—n) T[T =T+ (w ) +(1=7)- (77 )+t L. pto(|€]°);

15We have that U and V are elements of the utility function of the consumer which
is described in Appendix A, where y(j) is the output produced by agent j, while 2* is a
region-specific shock.
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we have that Q, A, T', v are functions of the structural parameters of the
model while t.i.p. denotes parameters that are independent of the policy
and o(||€]|*) includes terms that are of order higher than the second in the
bound ||€]| on the amplitude of the shocks considered in the approximation.'®
FPurthermore 7" > 0 arises because the steady state union output, around
which we are linearizing, is inefficiently low due to the monopolistic distor-
tions.!”

Interesting comparisons can be addressed with reference to the closed-
economy case of Rotemberg and Woodford (1997,1998), Aoki (1998), Wood-
ford (1999a,1999b).'®* Our welfare criterion can be interpreted as a general-
ization of their framework. If one region becomes big in size, i.e. n — 1 or
n — 0, the welfare criterion becomes the closed-economy case of Rotemberg
and Woodford, where the variability of the terms of trade is no longer im-
portant. If the stickiness vanishes in one region, i.e. if o — 0 or of' — 0,
the welfare criterion boils down to Aoki’s welfare criterion, where both the
variability of the terms of trade and the variability of the inflation rate (only
in the sticky-price sector) matter.

Our general framework sheds some light on which variables are significant
in order to compute the welfare function when interregional relative prices
are important. What matters is the squared deviation of the union output
gap from the desired level of union output. A positive output gap is desir-
able because of the inefficiency associated with the monopolistic distortions.
Changes in the terms of trade explain divergences of the production across
regions which are tolerated from the welfare point of view only if they match
changes in the natural rate of the terms of trade. Here the role of relative
prices emerges in allocating the resources across regions. Monetary policy
should induce changes in relative prices as if prices were flexible, because
in this case resources are allocated optimally when the economy experiences
asymmetric shocks. The inflation rate enters in a very specific way: it is an
average of the squares of the region-specific inflation rates. Inflation is costly
because 1t induces an inefficient variability of relative prices and of output

6 Details are in Appendix C.

I7A similar systematic inefficiency in the steady state level of the term of trade would
have arisen if we were allowing an asymmetric deterministic steady-state with 777 #£ 77,
This case does not add further insights to the analysis that follows.

18Rotemberg and Woodford (1997,1998) and Woodford (1999a,1999b) are example of
closed-economy model with one sector. Aoki (1998) presents a closed-economy model with
two sectors, one with flexible prices and the other with sticky prices.
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within each region.

Moreover our micro-founded welfare criterion implies a determined weight,
in terms of the structural parameters of the model, to be given to the squares
of the inflation rates. If the degrees of nominal rigidity are equalized across
regions, the relevant variable is the exact weighted average of the squares
of the region-specific inflation rates; while in the case regions have different
degrees of price rigidity, the inflation rate in the region with higher degree of
nominal rigidity will have a higher weight in the welfare function. In what
follows, we first analyze the welfare implication in the case the degree of
rigidity is the same, than we will focus on the case in which one region is
characterized by flexible prices, finally the general case will be considered.

4.1 Equal Degrees of Nominal Rigidities Across Re-
gions

We begin by analyzing the case in which the duration of the price contracts
is identical in both regions. The loss function simplifies to

Ly = Ay 5" P+n(l=n) DL =T+ (a7 +n(l—n) () +t.Lp+o( |€]°).

First we focus on the optimal policy in the case in which the monopolistic
distortions are perfectly neutralized by an appropriate subsidy.' We have
then 7" = 0. In this case the efficient outcome coincides with the allocation
that would arise if prices were perfectly flexible in both regions.

Proposition 3 If7" =0 and o = o, the optimal policy is to set w;''“F =

0 at all dates t.

Proof. From proposition 2 we know that in this case the terms of trade and
relative inflation are insulated from monetary policy. The part of the loss
function that can be affected by monetary policy includes only the squares
of the union output gap and of the HICP inflation rate. Given that there is
no trade-off between stabilizing both these two variables, the optimal policy
is to target to zero the HICP inflation rate. In this equilibrium the implied
path of the interest rate will follow the natural rate. B

9Tn our context this is possible by choosing 77 = 77 = (1 — o)1, where 7H and 7F
are distorting taxes on the production, respectively in region H and F.
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This policy maximizes the welfare function but it does not reach the
efficient outcome consistently with Proposition 2. Monetary policy cannot
correct the inefficiencies induced by the sluggish adjustment of relative prices.
It is no longer true, as it is the case in the Goodfriend and King (1997)
analysis, that by stabilizing a core measure of inflation — in our case a
weighted average of the inflation rates — monetary policy can reach efficiency,
simply because the terms of trade are out of its control.

However the policy prescription, that monetary authority should stabi-
lize the HICP, is valid, being the optimal policy in this constrained equilib-
rium. Moreover even in the case in which the monopolistic distortions are
not completely eliminated, i.e. 7"V > 0, the optimal policy invokes a long-run

stabilization of the HICP.

Proposition 4 If 57"V > 0 and off = of, the optimal policy is to commit to
a deterministic positive path of #H1°F that asymptotically converges to zero.

Proof. See Woodford (1999a) for a parallel closed-economy proof. B

In this case 7P = gllICP )" where wllTCF and A are positive, with A
less than one. The idea that the inflation rate converges to zero is consistent
with the results of King and Wolman (1998), in which with Taylor-style over-
lapping price contracts the optimal steady-state policy is that of completely
stabilizing prices, even in the presence of small distortions due to the mo-
nopolistic inefficiencies. Even though there is a long-run trade-off between
union output and inflation, monetary policy does not exploit this trade-off,
except at time 0 when the commitment is started. However, in the case
monetary policy intends to commit to a pattern of behavior at a date far in
the past, then any incentive to inflate will disappear and the optimal policy
will invoke stabilization of the HICP index, as in the previous proposition.
This definition of commitment, from a “timeless” perspective, seems more
appropriate, as emphasized by Woodford (1999c¢).

It is worth stressing that even in this case efficiency is not obtained be-
cause of the combination of the inefficiency induced by the stickiness of rel-
ative prices and the existence of monopolistic distortions.

Here we move to another special case in which one region is characterized
by completely flexible prices.
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4.2 Flexible Prices in One Region

In this subsection we focus on the special case in which one region, F', has
flexible prices while the other region, H, has sticky prices. This is an ex-
treme case but it offers significant insights in order to understand the more
general case. Again we start by assuming that the monopolistic distortions
are completely offset by distorting subsidies. The only distortion remaining
is the one associated with the stickiness and staggered nature of prices in
region H.

Proposition 5 If 3"V = 0 and if production in one region is characterized
by flexible prices, then it is optimal to stabilize the inflation rate in the region
with sticky prices. Under the optimal policy, the paths of consumption, output
and terms of trade are consistent with the efficient outcome.

Proof. In Appendix D. R

The conclusions of this proposition are consistent with the findings of
Aoki (1998) and Frceg et al. (1999). Two significant features of proposition
5 are that: i) monetary authority should target only the inflation rate of the
region in which prices are sticky, while targeting HICP is sub-optimal, i)
efficiency is obtained.

In this case, there is only one distortion and one instrument, and monetary
policy has the right instrument to cope with the existing distortion. This
arises because inflation itself can create dispersion of output and prices within
the region. In fact changes in relative prices within a region are sources of
inefficiencies given that the differentiated goods are produced according to
the same technology. By committing to a zero inflation rate in the region in
which prices are sticky, monetary policy can avoid the dispersion of resources
within that region. Moreover the terms of trade are no longer a source of
distortions, given that prices in region I’ are flexible and they can adjust to
induce an efficient path of the terms of trade.

Proposition 6 If 3"V > 0 and if production in one region is characterized
by flexible prices, it is optimal to commil to a deterministic positive path of
the inflation in the sticky-price region. This path asymptotically converges to
2€ro.

Proof. In Appendix D. &
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We have shown that even in this case, the optimal policy implies a deter-
ministic positive path for the inflation rate in the sticky-price region, while
again targeting HICP is sub-optimal. In contrast to proposition 6, efficiency
is not obtained, because the number of distortions — in this case the mo-
nopolistic distortions and the dispersion of relative prices within one region
— exceed the number of instruments, only the interest rate.

A general summary can be drawn from the special cases of these last two
subsections. It is useful to define the class of ‘inflation targeting’ policies
as the policies in which monetary authority aims at stabilizing a weighted
average of the region-specific inflation rates as

s+ (1-8)7" =0

where 0 < 6 < 1. Then if the regions have identical degrees of nominal
rigidities, it is optimal to set 6 equal to the economic size of region H, i.e.
6 = n, while if region F' has flexible prices, then it is optimal to give all the
weight to the inflation in the region with sticky prices, i.e. 6 = 1, on the
contrary if prices in region H are flexible, it should be 6 = 0.

4.3 General Case

In this subsection we analyze the general case in which both regions are
characterized by different degrees of nominal rigidity. As a reminder, there
are three main distortions in this context: i) the monopolistic distortion that
induces an inefficient level of output; i) inflation in each region that creates
an inefficient dispersion of prices; #ii) stickiness of prices in both regions
that may create a non efficient path of the terms of trade in response to
asymmetric disturbances.

First we focus on the case in which the monopolistic distortions are com-
pletely offset. In the efficient outcome inflation rates, output gap and terms
of trade gap should be zero.

Proposition 7 If 7"V = 0 and both regions have nominal rigidities, the effi-
cient outcome is not feasible.

Proof. In Appendix D. &

Corollary 8 In a currency area with pervasive nominal rigidities and mo-
nopolistic distortions, the efficient outcome is not feasible.
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The non feasibility of the efficient outcome is explained by the lack of
instruments. Monetary policy has only one instrument and it cannot cope
with all the distortions. As an example consider the case in which mone-
tary policy manages to stabilize both region-specific inflation rates. Prices
do not move, and this eliminates the inefficient dispersion of output within
regions, but relative prices cannot adjust to optimally react to asymmetric
disturbances. Reducing the distortions in both regions is inconsistent with
the efficient allocation of resources across regions. The same result of inef-
ficiency exists also in a closed-economy model with both sticky prices and
wages, as discussed by FErceg et al. (1999).

What should monetary policy do? Before characterizing the optimal pol-
icy under full commitment, we analyze the optimal rule in the case in which
monetary policy can commit to the class of the ‘inflation-targeting’ poli-
cies. This family is of particular interest because it contains both the HICP-
targeting policy and the optimal policies of the special cases outlined in the
previous paragraph.

Proposition 9 If 5"V = 0 and prices are sticky in both regions and if mon-
etary authority can commit only to the class of the ‘“inflation targeting’ poli-
cies, then it is optimal to give higher weight to the region with higher degree
of nominal rigidity.

In understanding this result, it is important to note that the output gap is
itself minimized by a policy in this class in which higher weight is given to the
stickier-price region. The same argument applies to the terms of trade gap
and to the weighted average of the squares of inflation. Figure 1 shows how
the optimal choice of the weight ¢ varies across the overall possible degrees
of nominal rigidities o’ and o'.?° Consistently when the degrees of rigidity
are the same, § is set equal to the economic size n, while when af > af we
have 6 > n.

Further insights on this class of policies can be drawn by noting that

ol + (L= &)nf = Ee Y Flkd y" + ki (T, = T)] = 0,
=0

where k%Y and k}” are combinations of the parameters of the model. In the
equilibrium implied by this class of policies the output gap and the terms of

20T e ‘calibration’ of the parameters is explained in the next section, where the economic
size n is set equal to 0.5.

22



trade gap are proportional at each date t. Moreover it is possible to show
that the equilibrium paths of 4}V, ¢;, 7" and T, can be described by partic-
ular linear combinations of the variables ft,l and Tt. If ﬁ 1s a Markovian
process, then the latter two variables represents the smallest set of state vari-
ables that contains all the information needed to forecast the future evolution
of the economy. It can be shown that in the class of policies described by
all the linear combinations of these two state variables, the optimal ‘inflation
targeting’ policy is not optimal.?! As emphasized by Woodford (1999b), with
forward-looking variables, it is not the case that the analysis of the optimal
plan can be restricted to the class of policies that implies an equilibrium
path in which only the state variables are relevant. Optimal control behaves
differently in the presence of forward-looking variables. Here we character-
ize the optimal plan in the case in which the monopolistic distortions are
eliminated.

Proposition 10 If5"V =0, o # o and if T, follows a Markovian process,
then the optimal plan involves evolution of the endogenous vartables according
to ARMA processes

H(L)e" = R(L)T,
DL)ym" = N(DT;,

where L is the lag operator, and where the polynomials on the LHS are of
third order while the polynomaials on the RHS are of second order.

Proof. In Appendix D. &

The above proposition shows that it is not the case that the optimal plan
is only a function of the current state of the economy, but also of past states.
The inertia behavior of the optimal plan has two components: one is due to
the intrinsic inertia of relative prices that also affects other non-optimal plans,
the other component is due to the gain in credibility that monetary policy
can achieve if also “in the short tun the bank regards itself as constrained
to fulfill previous (explicit or implicit) commitments” (Woodford (1999b),
pg.7). Only by continuing to respond to past shocks can monetary policy
establish the right commitment that pushes expectations towards the optimal
allocation.

2T this class belongs also the discretionary equilibrium, in which monetary authority
re-optimizes at each date, taking as given the past values of the state variables.
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Proposition 11 If 7"V > 0, a # o and if T, follows a Markovian process,
the optimal plan implies the same responses to the shocks as in Proposition

10.

Proof. In Appendix D B

The solution of Proposition 11 differs from Proposition 10 only by the
existence of the incentive to increase union output gap towards a desired
level. This incentive exists only at the date in which the commitment is
established. This component is deterministic and it does not affect the re-
sponse of the variables to the terms of trade shock. Moreover it approaches
zero asymptotically, as time goes to infinity.

5 Some Numerical Comparisons

In this section we compare the welfare outcomes that can be achieved under
the different policies outlined in the previous section. We focus on the case in
which 7" = 0. We consider three policies: 1) the HICP targeting policy, i.e.
THICP = (); 2) the optimal ‘inflation targeting’ policy, i.e. é7F+(1—8)xl =0,
with § chosen optimally; 3) the optimal policy. It is worth noting that each
class of lower number is nested in the class with higher numbers, e.g. 1) is in
2). There is also a natural rank among these policies, the welfare is increased
monotonically in passing from lower numbers to higher numbers. In order
to obtain the exact magnitude of these comparisons, we need to ‘calibrate’
the model according to values of the parameters implied by the European
economies belonging to the EMU.

The parameter 3 is equal to the gross real rate of return. We set 3 equal to
0.99, implying a real rate of return equal to 1.01 on average and on a quarterly
basis. On an annual basis the real interest rate is calibrated approximately
at 4 percentage points, which is the average of the real rate over the past 20
years in Germany. The parameter o, the degree of monopolistic competition,
is set such that in the steady state the mark-up of prices over marginal costs
is around 15%, which is a reasonable parameter for the European economies.
We thus set o equal to 7.66.

In order to calibrate the elasticity of labor supply we suppose as in Rotem-
berg and Woodford (1997) that output is produced according to a production
function f (V) where N are hours worked, while g(V) is the disutility of work-
ing for the household. We have that v(Y) = g(f '(Y)). We can then write
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the elasticity of labor supply n as

B B B f//f
Iy

where €, 1s the elasticity of the average real wage with respect to variation
in production. Rotemberg and Woodford (1997) in calibrating the US econ-
omy choose a value for €, of 0.3. Following Calmfors (1998) and according
to works of Layard et al. (1991) and Ball (1994), this elasticity is higher
in Europe, especially under unfavorable supply shocks. Moreover several ar-
guments point toward an increase in the flexibility of wages in Furope as
a consequence of the monetary union. We choose an elasticity of 0.5. The
parameter — " f /(f')? is approximated by the share of labor in total income,
0.33. The risk aversion coeflicient p is set equal to 1/6, as in the Rotemberg
and Woodford ’s estimates. Thus we have that 7 is equal to 0.67.

In our analysis it is crucial to calibrate the parameters indicating the
degrees of nominal rigidity in the two regions, o and o'’
economic size of each region, n and (1 —n). We do not have data on the av-
erage length of individual price adjustment for Furope. For the US economy
a sensible value seems 3 quarters, according to the survey of Blinder et al.
(1998). In a survey on UK companies, Hall et al. (1997) find that average
contracts last 2 quarters. Unfortunately there are no equivalent studies for
the Furopean economies belonging to EMU.

In our context given that the duration of a price contract in each region
is 1/(1 — o), we define the average duration of contracts in the union as the
weighted average of the duration of contracts in the regions AD = (1—a') ™.
(1 — a™)"~1, while the relative duration is defined as RD = (1 — af') - (1 —
af)~1. We let AD assume the values: 2, 3, 4, 6, 8 quarters, i.e. the average
duration of contracts in Furope is assumed to be between 6 months and 2
years. Given a value for the average duration, we let the relative duration

as well as the

vary across the spectrum of values of o. As a clarification of the definition
of average and relative duration, if the average duration is 3 quarters and
the relative duration is 2, then contracts last 4 quarters in region H and 2
quarters in region F'. By allowing AD to assume realistic values and RD to
vary across the spectrum of the possible values, we overcome the lack of data
on the degree of price rigidity.

In dividing the countries belonging to the EMU in two subgroups, we
choose as criterion the heterogeneity in the degrees of nominal rigidity across
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Furope: as an indicator we consider the percentage increase in wages in re-
sponse to a one percentage point fall in the unemployment rate (Table 2).
We label as H region the countries of which the response is less than 1%,
namely Belgium, Finland, Germany, Ireland, Netherlands and Spain. The
other countries belong to region I. In this case n is equal to 0.523 according
to Table 1 and we approximate it to 0.5. The existence of asymmetric distur-
bances between region H and F' is crucial in our analysis and it could have
been used as a criterion to partition the countries. However the distinction
between ‘core’ and ‘periphery’ is controversial and it depends on the nature
of the shocks, supply or demand, monetary or non monetary. However ac-
cording to studies, as Bayoumi and Eichengreen (1996) and Chamie et al.
(1994), a partition in two region of approximately equal size seems a good
compromise.

Finally we assume that the shock T, follows a Markovian process, a first
order autoregressive process of the kind ﬂ = ¢7~},1 + £; where g; 1s a white-
noise process. For our analysis, we do not need to estimate the variance of
this process, because comparisons of welfare are independent of this variance.
We set it equal to one while the coefficient of persistence is arbitrarily set
equal to 0.6.

Our welfare criterion is the unconditional expectation of the welfare func-

tion W .
B[] = O {Eo{z m}},

as in Woodford (1999b), where we have normalized U-C to 1. The expecta-
tion Ey is taken at time zero based upon all the information available at that
date. It is then conditional upon the initial condition T 1 = 0 and the initial
condition on the state 7. While the expectation I is taken by integrating
over the stationary distribution of T ..

Table 3 compares the HICP-targeting policy and the optimal ‘inflation
targeting’ policy at certain average and relative durations. Given a fixed
value for the average duration, we consider differences in the relative dura-
tion of contracts between the two regions of the 0%, 20%, 50% and 100%.
Column 3 and 4 present the optimal weights in the class of the ‘inflation
targeting’ policies. When the price-contracts has the same average length
in both regions, the optimal choice coincides with the economic size of the
region, in this case 6 = n = 0.5. Even for small differences in the durations
of contracts within the union, the optimal weights change by a considerable
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amount. If contracts in region H last the 20% more than contracts in region
I, the weight to be given to the inflation rate in the region with stickier price,
region H, should be increased by the 20%, passing from 0.5 to approximately
0.6. While if contracts in region H last two times more than contracts in re-
gion F', then the weight to be given to the inflation rate in region H should
be increased by the 60%, passing from 0.5 to 0.8. The last column presents
the percentage reduction in the deadweight loss that society can obtain by
using the optimal ‘inflation targeting’ policy instead of the HICP-targeting.
This percentage reduction is computed as

DR = x 100,

where E[W;], E[W,], E[W;] are the welfare criteria associated respectively
with the HICP-targeting policy, the optimal ‘inflation targeting’ policy and
the optimal plan. The reduction in the deadweight loss is always above the
95 %.

Given a fixed average duration, Figure 2 to 6 plot the comparisons among
the three classes of policies for all the values of relative duration. The dotted
line corresponds to the HICP-targeting policy, the dashed line to the optimal
‘inflation targeting’ policy, the solid line to the optimal policy. Only when
the relative duration is equal to 1, consistently with our theoretical proposi-
tions, are the three policies equivalent. For other values, the HICP-targeting
policy is sub-optimal, while the optimal ‘inflation targeting’ policy can well
approximate the feasible first-best. Given the complexity of the optimal plan,
the ‘inflation targeting’ represents a transparent and feasible policy to imple-
ment. Figure 7 to 11 plot the deadweight loss reduction, DR. The welfare
gain with respect to the HICP-targeting is remarkable. In contrast to the
HICP-targeting, the optimal ‘inflation targeting’ induces a nearly optimal
adjustment in relative prices.

It can be argued that monetary union, as a regime shift, will induce a
convergence 1n the degree of nominal rigidities across regions, justifying then
the HICP targeting. This convergence might be true among industries in
the same sector belonging to different regions, but not among industries in
different sectors. Our model should be interpreted along these lines.
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6 Obtaining Efficiency with Multiple Curren-
cies

We have shown that, independent of the existence of monopolistic distortions,
it is never possible to obtain the efficient outcome under the hypothesis that
both regions have sticky prices. It is no longer the case, as suggested by
Goodfriend and King (1997) and shown through an explicit welfare analysis
by Aoki (1998), that by targeting a core measure of inflation the efficient
equilibrium can be obtained.

How can we obtain efficiency in the general framework? The answer
can be understood as a problem of assignment between instruments and
distortions. In models like that considered here, monetary policy plays an
important role, because of the combined interaction between monopolistic
competition and sticky prices. In our framework we have three distortions:
two are in common with the closed-economy literature, respectively the exis-
tence of monopolistic competition and the stickiness of prices in a staggered
setting; the third is due to the inertia of relative prices (the terms of trade), as
a consequence of both the stickiness and the staggered way of setting prices
in the two regions. In a closed economy model, if taxation is able to eliminate
the monopolistic distortion, monetary policy can set its instrument to offset
the remaining distortions which arise because prices are set at different dates:
the efficient outcome is obtained and there is no trade-off between variability
of output and variability of inflation.

Instead in a currency area the inefficient outcome is a consequence of
the lack of an instrument because of the additional distortion caused by the
stickiness of relative prices. In an open economy framework, this problem
has a solution: the exchange rate. Here we consider the model as it is in
a companion paper where the exchange rate is still an endogenous variable.
The structural equation of world and relative inflation are exactly the same
as in the section above

Wf = —’L/)[ﬁ — ﬁ] + w[é’t - ét] + ﬂEtﬂﬁrlv (15>
n = O[T, — T)+&[C, — C) + BB}y, (16)

while the state equation of the term of trade becomes

T, =T, 1+ +AS.
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where S is the nominal exchange rate. In the eflicient equilibrium where
T, =T, and C;, = C,, it follows that AS; =T, — T;_,. From the uncovered

interest parity and from the Euler equation we have

EtASt+1 — ﬁit - ﬁi:, (17>
ECryr = Ci4p (B — Bl y) +p (1 —n)(Rf — Erryy). (18)

It follows that in the efficient equilibrium the path of interest rates should
satisfy

BT =T, = Ro— R,
ECi1 = Ci+p tnk + (1 —n)RY).

The exchange rate provides the instrument needed to obtain the efficient
outcome. Thus decentralized monetary policies can obtain the first best if
conducted in a coordinated way. This points to a cost of monetary union,
similar to the one emphasized by Mundellian theory. Of course, a complete
normative evaluation of monetary union would have to also consider the costs
associated with foreign exchange transactions (not modeled here), and the
way in which these may be increased by volatility of the exchange rate. It
would also have to consider possible problems with the implementation of
the optimal exchange rate policy (described above) by independent national
central banks. It might be in the individual interest of one country to deviate
from the jointly optimal policy, a problem that is avoided in the case of a
common central bank. Furthermore, even if both national central banks
commit to policies consistent with the optimal equilibrium, there may be
problem of indeterminacy of the equilibrium exchange rate. This problem
as well is eliminated by the adoption of a common currency. These issues
require further study before any general conclusions about the desirability of
a monetary union can be offered.

7 Conclusion

In this work we have analyzed a currency union in a stochastic general equi-
librium model. Our simple framework has provided interesting insights on
the transmission mechanism within a currency area. By using the ‘taxation
approach’, we have been able to evaluate the exact magnitude of the distor-
tions existing in our model. A welfare criterion has been retrieved in terms
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of the inflation rates, the output gap and relative prices. According to this
measure, we have shown that the optimal plan implies a high degree of in-
ertia in the inflation rate. However, a particular inflation targeting policy
can well approximate the feasible first-best. In this inflation targeting policy
higher weight should be given to the region with higher degree of nominal
rigidity.

In Appendix E the extension to a K-region economy is presented. The
main results still hold. In this direction our model proposes further in-
sights into the debate on the various measures of core inflation, see Bryan
and Cecchetti (1994). A general equilibrium approach to core inflation has
been introduced by Aoki (1998). In this context it is natural to define core
inflation as the inflation rate that monetary policy should stabilize in order to
maximize the welfare. Our prescription is then that monetary policy should
stabilize a weighted average of the sectorial inflation rates, but with higher
weight to be given to the sector with higher degree of nominal rigidity. This
is consistent with the idea of Bryan and Cecchetti (1994) that core inflation
should be inferred from the expectations-based price setters. However, even
changes in prices, smaller than the average, should be excluded from the
relevant inflation index, if associated with sector characterized by low degree
of nominal rigidity.

However, there are other directions in which the main policy prescription
of this paper is not robust. In the presence of other sources of rigidity, e.g.
wage stickiness as in Erceg et al. (1999), monetary policy should take in
consideration wage inflation in formulating its optimal policy. Instead if the
monopolistic distortions are time varying, it is the case that monetary policy
should target an appropriate output gap as well as inflation. Moreover, if
the liquidity services from holding money are not marginal, monetary policy
should also pay attention to the volatility of the nominal interest rate. This is
also the case if the zero-floor bound on the nominal interest rate is embedded
in the analysis, as in Woodford (1999a).

These qualifications affects our final conclusions but not our emphasis on
the distortions arisen because relative prices are sticky. In a more general
setting monetary policy should balance the latter distortions with others in
order to formulate the optimal policy.

Finally, this paper has only focused on the optimal path of the econ-
omy without analyzing how this optimal plan can be implemented. Further
research on how monetary policy should use all it information in order to
implement the optimal policy has to be conducted.
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Appendix A

In this appendix we describe the model in details. The whole area is populated
by a continuum of agents on the interval [0,1]. The population on the segment
[0, n) belongs to the region H, while the segment [n, 1] belongs to F. There is no
possibility of migration across regions. A generic agent j belonging to the currency
area is both producer and consumer: a producer of a single differentiated product
and a consumer of all the goods produced in both region H and F'. Thus all goods
produced are traded between regions. Preferences of the generic household j are
given by

. >0 . J o
v =m 3 o+ o e) - i)
s=t K

where the upper index j denotes a variable that is specific to agent 7, while the
upper index 7 denotes a variable that is specific to region ¢. We have that 1 = H
if j € [0,n), while i = I if j € [n,1]. E; denotes the expectation conditional on
the information set at date ¢, while 3 is the intertemporal discount factor, with
0< <l

Agents obtain utility from consumption and from the liquidity services of hold-
ing money, while they receive disutility from producing goods. The utility function

is separable in these three factors. We have that U is an increasing concave func-
tion of the index (Y defined as

(C)reptr

n*(l—mn)l-n

O =

(A1)

and C}‘{ and C % are indexes of consumption across the continuum of differentiated
goods produced respectively in region H and F'. Specifically,

-
-1

o= (%)i/oncj(h)"?ldh ﬁ, s <1in>%/nlcj(f)071df )
(A.2)

We have that ¢, which is assumed greater than one, is the elasticity of substitution

across goods produced within a region, while the elasticity of substitution between
the bundles C'y and C'r is 1. The parameter n denotes both the population size
and the ‘economic’ size of region H, where the ‘economic size’ is the share of the
bundle of goods produced within that region in the consumption index.
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As in the models of Sidrauski (1967) and Brock (1974), L is an increasing
concave function of the real money balances, while & ‘isa region-specific shock to
the liquidity preference; we will interpret it as an exogenous disturbance to money
demand. Agents derive utility from the real purchasing power of money, where
Mtj is the agent j’s money balance at the end of date ¢, while P* is the appropriate
region-specific price index used to deflate Mtj . Here P is defined as

Pt = (P (FR)

1—

om () [l s () [ o]

where pi(h) is the price of good h sold in the market of region ¢. The price

index P? is properly defined as the minimum expenditure in region i required
to purchase goods resulting in the consumption index of C7, such that CV = 1.
Similar definitions are given for P4 and P%. Here we assume that there are no
transaction costs in transporting goods across regions; furthermore prices are set
considering the whole area as a common market. It follows that p'! (h) = ¥ (h)
and pt (f) = ¥ (f). Given these assumptions and given the structure of the
preferences, it is also the case that purchasing power parity holds, i.e. P = PF,
We can then drop the index 7 from the consumption-based price indexes.

Here we define the terms of trade 1T’ of region F' as the ratio of the price of the
bundle of goods produced in region F' relative to the price of the bundle imported
from region H. We have then T' = P/ Py.

Finally V is an increasing convex function of agent j’s supply of its product 7.
Assuming that agents have disutility of working g(N J ), where N 7 is the number of
hours worked by agent 7, and that the production function is 17 = f(N J ), we can
interpret V(yj ) as being equal to g(ffl(yj )). We have that 2* is region-specific
stochastic disturbances. We will interpret it as a productivity shock.

Given a decision on C?, household j allocates optimally the expenditure on
C}{ and C'fp by minimizing the total expenditure PCY under the constraint given
by (A.1). Then given the decisions on C% and C%, household j allocates the ex-
penditure among the differentiated goods by minimizing PHC';{ and PFC% under
the constraints given by (A.2). The demands of the generic good h, produced in
region H, and of the generic good f, produced in region F' are

(h) = (%) B ", I(f) = (%?) B T"C9.  (A3)
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Furthermore we assume that each fiscal authority allocates a level of public ex-
penditure only among the goods produced in the region of its sovereignty. The
public expenditure production functions are respectively for the fiscal authority of
regions H and F'

<ﬂ:{1£2wffwr%, 6" =] Akqffﬁr%;

n 1—n

and they imply the following demands of the generic goods h and f

ot = (42) ot - (@)G (A1)

Combining (A.3) with (A.4) we can write total demand of good h and f as

= () e een - (B2) e +<i2>

where the union aggregate consumption C" is defined as
1
cW = / C7dj.
0

Regions differ from one another also in the structure of the assets traded. Within
each region agents can trade in a set of securities that is sufficient to completely
span all the states of nature. Instead, in trading securities across regions, agents are
allowed to take positions only in a nominal non-contingent bond denominated in
units of the union currency. Markets are complete within a region, but incomplete
at an interregional level. The budget constraint of the household j in region %
(expressed in real terms with respect to the price index) is for each state s; at date
t, and for each date ¢

-y B M - \peyeG) g TRY
EA{q: B’ — t oW 1 — )=l (Y t
t{qt t}_l_Pt(l‘l_Rt)—l_Pt — t*l_l_( T) Pt t+ Pt 9
with . )
- M+ B
Wi =g Miat B
i1 1+ 2

where Bti’j is the real value at time ¢ 4 1 of the portfolio held by agent 7 composed
by contingent securities issued in region 7 denominated in units of the consumption-
based price index with maturity one-period while qi is the vector of the security
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prices.?? We have that B{ is the household j’s holding of the nominal one-period
non-contingent bond denominated in the union currency, that is traded among all
the households belonging to the union. The nominal interest rate on this bond
which is certain at the issuing date is [y; Qi’j are nominal lump sum transfers
from the fiscal authority of region 7 in which j resides to the household j, while 7
is a regional proportional tax on nominal income. The budget constraint at date
t of the fiscal authority of region ¢ for ¢ = H or F'is

T/ peD)y(d)di = | ,Mtj—/ M+ G
Jjer €1 j€t

J

) ‘Qzltij
Jjer
where we have assumed that seignorage is returned to each region according to its
source; MY, the level of money supplied by the common central bank, is equal to
the aggregate demand of money
1
MU = / Midj.
0
We set the initial conditions B =B, = 0 Vj € [0,1]. Given the sequences of
prices and incomes, and given the initial conditions, the problem of allocation of
consumption is completely characterized by the utility function and the resource
constraint. The latter is derived by combining an appropriate borrowing limit
with the budget constraint of the households. Because households have identical
preferences and because markets are complete within each region, the assumption
that the initial wealth is identical among agents belonging to the same region im-
plies that there is perfect risk sharing of consumption within each region. We can
then synthesize the optimal plan of consumption by focusing only on the consump-
tion of the “representative agents” of regions H and F'. The exhaustion of the
intertemporal resource constraint and the FEuler equations (if we assume an inte-
rior optimum) describe the optimal allocation. We have the following optimality

conditions: (i) that
Uc(Crlsr)) _ s
T—t Y C\T\°T i
—_— = s A6
at each state sy € S, for each date t and every ', with T" > ¢ and for i = H or
F’; this is an optimality condition which equates the marginal rate of substitution,

between future consumption in a particular state and present consumption, to the

22 At each date ¢ the economy faces one of finitely many states (s; = 1,2,3...5).
With h; we denote the history of the states up to date t.
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appropriate stochastic discount factor RQT; (m) that

M. R
L ¢ 7 z A

at each date ¢ and for each i = H or F', where L/ p is the derivative of L with
respect to the real money balance; here the marginal rate of substitution between
real money balances and consumption is equated to the user cost in terms of the
consumption good index of holding an extra unit of real money balances for one
period; (222) that the resource constraint holds with equality at each date ¢ and in
every history h;. We can use the optimality conditions to price the internationally
traded bond obtaining at each date { and for i = H or F’

0e(Ch) = (4 R Ul = . (A%

A no arbitrage implication of (A.8) is that

Elﬁiﬁi?éi]: [%g%%%ij (A.9)

at each date {. In the equilibrium, the contingent region-specific real bonds are in
zero-net supply within each region, while the global holdings of the nominal bond
should satisfy at each date

nB' + (1 —n)Bf =0.

Once we integrate the budget constraints among all the households belonging to
the same region, by using the government budget constraint and equation (A.5),
we can write the aggregate resource constraint of each region 7 at date ¢ as

B _ B

= V- Al
Pt(l ‘I’ Rt) Pt + Ct Ct? ( 0>

where all the variables in (A.10) are per-capita variables. Given the initial condi-
tion B ; = 0 for each i = H and F the interregional traded bond is redundant.

Lemma 1 Given (A.10) and the optimality conditions describing the optimal

path of consumption (7),(#7),(#i7), and given the initial condition B! =0
for each i = H, F it follows that B, = 0 VT >t for each i = H, F.
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Proof. We use a proof by induction where the proposition M7 has been defined
as My := By =0 for each i = H, F and VI >t — 1.

By using the assumption that B ;| = 0 for each i, we have that M, ; = 0.
It remains to prove that for a 1" > ¢ if My ¢ is true, My is also true. If My 4
is true, B. ; = 0 for each i. By using (A.10) we have that in a generic state
st € St at date T’

r T Pr(1+ Ry
BF

CF — CW _ T ]

r T Pr(1+ Ryp)

At date T' 4+ 1 in each state spy1 € Spyq the optimality conditions of the
representative household ¢ for each ¢ = H and F' are

. . P
Uc(Crya(sr41)) = (1 + Bria) fEria {UC( T+2)P§+; } ; (A.11)
+
. , P
{Uc(Crys)} = Erss {(1 + Rrys)BUc( %Jrsﬂ)ﬁ} for s >1, (A.12)

{ Z RT+1kCZ Sk)} = B% "’{ i RTT+1,kCE/<3k)}v (A.13)

E=T+1 Pri E=T+1
where the discount factor has been defined as
r o Pk
T,k —
Pro Tl (1 + Ry)

( =1
T+1,7+1 — 4L

for k >T+1,

and where (A.13) has been obtained after iterating (A.10) and it consists of a
set of conditions corresponding to any possible history starting from each state
s741 € Spyq at date t + 1. If BHY = B; the optimal allocations of consump-
tions of households of region H and F' are exactly the same looking ahead from
period T'+ 1 in each state sy 1 € Spy1. Thus we can write C¥+1<ST+1) and
Cﬁ +1<8T+1) as they were implicitly defined by the same indirect function, which
is state-dependent, of respectively B and BE

C$+I<ST+1) = PST+1<B¥)7
CIE+1<ST+1) = P5T+1<B1€)7
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and this is true for each sp,1 € Spy1. Moreover I' is a non-decreasing mono-

ST+1
tone function of the initial level of assets, BH or BL. From the equilibrium
condition at time 7" we have nBY + (1 — n)BX = 0. If B > 0, it follows that

C%{Jrl(s;mrlj > CIE+1<ST+1) for each spy1 € Sriq, while CH < CE. But this

violates the optimality condition?3

ET{[UC<C¥+1) _ UC<CIE+1)] Pr } _o, (A14)

UC<C:IF{> UC<C:€) PT+1

because the term in the square bracket is negative across all the states and prices
are always positive. It should be then that B¥ = BE = 0. R

A corollary of this conclusion is that there is perfect risk sharing of consumption
between regions, i.e. C* = CF = CW at any time and at any state.

To complete the demand side of the economy we compute aggregate demand in
both regions by using the appropriate Dixit-Stiglitz aggregators related to (A.2)

o

e (@) [l e () o]
(A.15)

After applying (A.15) to (A.5) we obtain
Y8 =T""C+GH, Y =T"C+G". (A.16)

While consumption is completely insured, aggregate production can vary between
regions. From (A.16), it follows that changes in the terms of trade explain diver-
gences in output. Moreover the response of a regional output to changes in the
terms of trade is bigger the smaller the size of that region, i.e. the higher the
degree of openness.

The model is closed by identifying the instrument of monetary policy. In this
model we let the common central bank set its instrument in terms of the one-period
risk free nominal interest rate on the nominal bond denominated in the common
currency.

Firms and Price Setting

Sellers are monopolists in selling their products. Demand (A.5) is not taken as
given, but it can be affected by different price decisions p(z). On the other hand
sellers are small with respect to the overall market and they take as given the
indexes P, Py, Pr and C. Monopolistic competition does not imply price rigidity,

231 am grateful to Cedric Tille for pointing out this last observation
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but it creates the environment in which price rigidity can exist without violating
any individual rationality participation constraint, assuming that the sequences of
shocks is bounded. Prices are subjected to changes at random intervals as in Calvo
(1983). In each period a seller faces a fixed probability 1 — « of adjusting its price,
irrespective on how long it has been since the seller had changed its price. In this
event the price is chosen to maximize the expected discounted profits under the
circumstance that the decision on the price is still maintained; in fact the seller also
considers that the price chosen at a certain date ¢ will apply in the future at date
t + k with probability . It is important to note that all the sellers that belong
to the same region and that can modify their price at a certain time will face the
same discounted future demands and future marginal costs under the hypothesis
that the new price is maintained. Thus they will set the same price. We denote
with p;(7) the price of the good j chosen at date ¢ and with §s.1(j) the total
demand of good j at time ¢ 4+ k under the circumstances that the price p(7) still
applies. We have that j can be equal to h or f according to notation in (A.5), if
the seller is respectively in region H or F'. The function to maximize is

Ey é(aiﬂ)k {)\t+k<1 — 0N Teern(G) = V(Grern(5), ZZM)] , (A.1T)

where revenues are evaluated using the marginal utility of nominal income Ay =
UC(C’Hk) / P, which is the same for all the consumers belonging to the union,
because of both the hypothesis of complete markets within each region and of
the result of redundancy of the interregional bond. The upper index 2, as in the
previous section, denotes region-specific variables, with 1 = Hif j = hand i = I

it j = f. From (A.5) Gerir(h) and Jpeyx(f) are

- pe(h)\ 7 .

g = (ZEL) e+ at).
PH,t+k

gen(h) = (2L [mac+an,).
PF,t+k

The seller maximizes (A.17) with respect to f;(j) taking as given the sequences

{Puy, Ppi. Py, Ct, ('}, the optimal choice of p;(7) is

ﬁt (]) _ g Et Z?:O(aiﬂ)k‘él(gt,H»k(j)? Zé+k)gt,t+k (j) (A 18>
(0 =11 -7 By Yno (@ B) Ay 1Tt e11 ()
Calvo-price setting implies the following state equation for Pp; and Pr,
Py, = ol P+ (1= a)p(h), (A.19)
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Py =o' Pg,% + (L= a")p()7, (A.20)
because in each region the fraction (1 — a) of sellers, that is chosen to adjust the
price, sets the same price.

Equilibrium

We can describe the equilibrium of this model by combining the aggregate
demand block with the aggregate supply. Our model is not solvable in a closed
form solution. However we focus on equilibria where the state variables follow
paths that are close to a deterministic stationary equilibrium, in which the inflation
rates are zero. In this steady state, we interpret the stochastic shocks {5;, t 2}
for + = H or F' as zero at all dates. The instrument of monetary policy, the
interest rate rule, is set in order to anchor the nominal interest rate to the inverse
of the intertemporal discount factor in the consumer preferences. We have then a
stationary equilibrium in which

_ 1
1+R==.
p

As it is common in models with monopolistic competition, the marginal utility of
consumption is not equated to the marginal disutility of producing output. From
the pricing decision in region H we obtain

(1= rMUe(C) = —T" "V, (T "T,0), (A.21)
c—1
while in region F' we have

(1-77)Uc(C) =

g

—T ", (T "C.0). (A.22)
If 78 = 77 from (A.21) and (A.22) it follows that T' = 1 and that vi=y"=C
In this deterministic equilibrium prices are well determined by the initial conditions
Py 1, Pr_1. In fact the decision of the policy makers to set its instrument to
1 / [ and the consequent stationary equilibrium with zero inflation rates imply the
determination of the paths of FH, Pp. By using the money demand conditions
(A.7) and the equilibrium condition in the money market we can pin down the
level of money.

Here we describe the stochastic equilibrium which arises from perturbations
around the deterministic equilibrium identified above. Given a broad class of inter-
est rate rules, the aggregate demand block groups conditions (A.8), (A.9), (A.16).%*

24The transversality conditions have to hold in our rational expectations equilib-
rium because we are considering small pertubations around the initial deterministic
steady state.
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We can interpret these conditions as determining the sequences {CY, Ry, My} given
the initial conditions Py _y, Pp_1, the sequences of prices { Py ¢, Pp,} and the se-
quences of stochastic shocks {Sz,G;,Zz} for + = H or I'. Tt is worth noting that
with an interest rate rule the money-market equilibrium determines only the level
of money in the union. Moreover shocks to the liquidity preference have only
repercussions on the path of money while they do not affect the other variables.
We turn to the aggregate supply blocks which is composed by conditions (A.18),
(A.19), (A.20). Given the sequences of consumption {C;}, the initial conditions
Py 1, Prp_1, and the sequences of shocks, it determines the sequence of prices

{PH,tyﬁt<h)7PF,t7ﬁt<f)}'

45



Appendix B

In this appendix, we derive the log-linear approximation of region H’s AS equation,
equation (4) in the text. The derivation of the region F’s supply side follows in a
specular way. Given the sequences {C}}, the sequences of shocks and the initial
conditions, the optimal paths of prices {p;(h), P} is described by the following

conditions
ﬁ (h) _ g Et ZZO:O<OéHﬂ)k‘/;/<g§t+k<h)7 Zﬁk>g§t+k<h) (B 1>
t - e ~ ) .
(o —1)(1 —7H) Ey Zk:0<aHﬂ)k)‘t+kygt+k<h)
Pyt =a" Py 2+ (L= a)p(h) 7, (B.2)
where
- pe(h) \ "7
ygwk(h) = (Pt—> [TL " Cor + G- (B.3)
H,t+k

We can write (B.1) as

0= B Y (0P AY{[(1 — ) (1 — T9)\safi(h) +

+oV, (g?,wrk (h), Zﬁk)]gzurk (h)},

and after substituting the expression for Ay

Ey g%(OéHﬁ)k { [

(I—0o)(1- TH)UC<Ct+k>M+

Py

+oVy (0 i(h), 2H5)

}gzﬁrk(h) =0,

or

By i(@Hﬂ)k {

(1-0o)(1— TH)UC(CHR)MTT%I—I-

Priip ttk
+U%<g§t+k<h)a Ztlik)

gthrk(h)} =0,
(B.4)

where Ty, = Priyi/Puiin. We take a log-linear approximation of this equi-
librium condition around a steady state in which Cy = C', Ty = 1, py(h)/ Pus = 1,
Gl =0, z/" =0 and (1 — 7™")Uc(C) = 2Z5V,(C,0) at all times, obtaining

0= B S (0" A (1 — 0)(1 = ™) Ue(C)pisss +
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+(1 = 0)(1 = T Ue(O) [~ (1 = n)Tps]
+(1 = 0)(1 = 7" Uec(C)CCyyk + 9CV,y (T, 0)[=0Prsir +
+(1 - n)f v+ Cor + gi14) + 0V (CL0)Z7,

where Py = In(pe(h)/ P tix). We can further simplify the equation above to

0=E Z {(Prpye — (1 — n)TtJrk — /)Ct+k — n[—0Pearr + (1 — n)fwk
+Cr + 9501 — Y 1}

where p = —UCC@)U/UC( ) an = V;/y(C O)C/V (C 0), while we have
define VtH such that V,,(C,0) ﬁk = Uv;,y((] O)Y We note that

Dtt+x = Dttt — Z TH,t+s
s=1

we can then simplify to

ptt 147 ~ p+n A
=5 1—n)T; C’
1_aHﬂ tkz;) 1—|—07]< n) t+k+1+
n
‘|‘—1 T on (%ﬁk Yt+k + by Z (@) lz TH t+5] . (B.5)

Log-linearizing (B.2), we obtain

Dt = T—

Thus we can simplify (B.5) further to

H H
T @ ol S p+n 4
=E T
1—aHB1— ol tz p)" 1—|—07]< )t+k+1+0 t+k T

n

o' H
—H T &
+m(9ﬁk =Y )] B ;(aHﬂ)kL

1—ap

We obtain
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o~

H _ H
Ty - (1—Oé ﬂ) of 1+0_7]<1_n)Tt
1—aff g —
1—at -Y
+( a”3) ol 1_|_m](9t t

1—af ~
e p—l—nc
14 o0m

(B.6)

+(1—-a"p)

ot

) + BBy

noting that the natural rate of world consumption and of the terms of trade, which

will arise when prices are flexible, are defined as

¢, = ——(Y
c=
= n R
T, = — —
t 1_|_7]<9t

we can simplify the equation above to

H
U

= (1 —n)ki (T, — T,) + k& (C, — Cp) + BE

7).

(B.7)

which corresponds to equation (3) in the text (note that C, = CA'tW ) where

1—aff 1409
= (1—ao¥

1—af p+n
EE = (1-of .
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Appendix C

In this appendix we derive the utility-based loss function, equation (14) in the
text. We follow Rotemberg and Woodford (1997,1998) and Woodford (1999a).
The average utility flow among all the households belonging to region H is

_ Jo'v(we(h), 2" )dh

wl =U(C) - (C.1)
while that of region I is
1 F
d
th _ U(Ct) . flfnv<yt<f)7zt ) f (C2>

1—n

The welfare criterion of the Central Bank in the currency area is the discounted
value of a weighted average of the average utility flows of the regions,

W = Ey iﬂj(nwﬁj + (1= n)wfy,). (C.3)

=0

We take a Taylor expansion of each term of the utility function. Taking a
second-order linear expansion of U (C't) around the steady state value C' defined
by equation (A.22), we obtain

— — 1 —
U(C) = U(C) + Uo(Cr = C) + 5Ucc(Cr = O) +o([€]P), (C.4)
where in O(HS H?’) we group all the terms that are of third or higher order in the

deviations of the various variables from their steady-state values. Furthermore
expanding C; with a second-order Taylor approximation we obtain

— ~ 1~
Cr = C(L+ G+ 507 +o([l€1°), (C.5)

where Cy = In(C;/C). Substituting (C.5) into (C.4) we obtain

— 1 —_ — 5~
U(C) = UcCC, + 5(UcC + UecTC + tip +o([€F),  (C6)
which can be written as

U(C) = UeTICu+ 51— p)C2) + tip. + o€ JP),
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where we have defined p = —UCCU/ U and where in t.1.p. we include all the
terms that are independent of monetary policy. Similarly we take a second-order
Taylor expansion of U(yt(h),th ) around a steady state where y.(h) = Y7 for

each h, and at each date ¢, and where ZtH = 0 at each date . We obtain

v(yt(h),th) = v(?H, 0) + vy (ye(h) — YH) + vzth + %vyy(yt(h) — VH)Q
o (e (B) = )2t 4 2o ()2 + o [€]P), ()

2

where 3j¢(h) =In(y(h) /?H) Here we recall that

ot = (S2) [y e+,

which can be rewritten as
y(h) = y*(h) +y°(h),

where we have defined

< N

5] =y

=z =

Il Il
TN TN
=
= =
N~ N
| |
Q Q

Q ~~

=z 3

T

3

Q

U=

Here we take a second order Taylor expansion of yf(h) and y{ (h) obtaining

@ )7) + oll€]1),

[ (WT) + o(lI€]1%).

[N

—H
yi(h) = Y- (L4 g/ (h) +
— 1
k) = VG0 45
We note that 77 (h) can be neglected because in its expansion, the term of order

less than O(HS H?’) are independent of monetary policy, being the shock G* equal
to zero in the steady state. We can simplify (C.7) to

o)) = o7 G0+ g0 + LGy
=1 GV ]+ tip 4 ol [€]°), (C8)



where YtH has been defined by the relation Uyzth = —UyyYH?tH and we have
that n =V, (?H, O)YH/Vy(?H, 0). Our steady state with zero inflation implies
the following conditions, respectively for region H

H - _ 9 ml-n l-n—
(1= 7")Ue(C) = —T v, (T""C0), (C.9)
and for region F’
F = 0 —-n ——n—
(1= 70e(C) = —T v, (T"C,0), (C.10)
which can be rewritten as
(1-2"U(C) =T "V, (T "C,0), (C.11)
(1= 2" U(C) =T "V, (T "T,0), (C.12)
after having defined
CaHy g\~ 1
R Lt
APy O~ 1
(1-3") = 1—-71") -

In the efficient equilibrium, we have that ®# = & = 0. As outlined in Woodford
(1999a), we have to restrict our attention on steady state in which the deviations
of ® and & are of order at least o(||€]]). We also restrict the analysis to the case

in which ® = ®F. In this case we have that Y =Y = C. In the neighbor
of the efficient level of production and consumption we can write the steady state
term of trade and consumption, by using conditions (C.11) and (C.12), as

T — 1,

_ O 4 (1 n)dF

wojor - e Eon® (C.13)
p+n

where C* is the efficient level of consumption. By using (C.11) we can write (C.8)
as

o((h). 1) = UT (1= ®)- g () + 3 g7+ L (n?
= GV, + tip. +o(€]). (C.19)
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Here we integrate (C.14) across the households belonging to region H, obtaining

Jo' v(ye(h), 2" )dh

T

= UT (L= ) By () + 5 - [ (h) + (Bl
+3 - aragi() + [EaB(W]P) = nEni(W)Y )
+t.ip. + o[ €]1?). (C.15)
Using the aggregator (A.15) we can write
Ve =Yi, + Y,
where

d 1—n ~W
YH,t = T,7"C,,
g H
YH’t = G".

We take a second-order approximation of the aggregators obtaining

N R 1 /0—-1 .
Vo = Buii(h) + 5 (=) vamsdilh) + o),

2
N 1/0—-1
Vie = Bagih) 4 5 (F=) vangi(n) + o€l (C.16)

Finally substituting (C.16) into (C.15) we obtain

Jo v(ye(h), z)

o~

— ~ 1 -
= UeT-[(L- ") Vif 45 Vi P+ 5 Wil

mn
1 ~ o
+§(0’1 + 1) - varagi(h) — Ve Yy ]
+tip. + o(J€]%) (C.17)

where we have used the fact that var,g;(h) zvarh:ﬂf(h).
Combining (C.17) and (C.6) into (C.1), we obtain

— 1 N ~ 1 ~ ~
wf = UcClCi+5(1—p)C7 = (1= @) Vi, — o [Vf ) = 3 [Via)?
1 R o
—5(0 ) vangi(h) + nehey
+ip. + o€, (C.18)
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while for region I we have

o~

VAP = 5 el

[N

o~ 1 ~ —~
w = UcClCi+ 51— p)C7 — (1= 27) - Yy, —

1 R S
—g o ) - vargG(f) + VY]
+tip. 4 o([€]*). (C.19)

Taking a linear combination of (C.18) and (C.19) with weight n, we obtain

—

wy = UcC{C;- [n®7 + (1 —n)d)+ =(1 — p)C?

[N}

1 ~ ~ 1 ~ ~
L TR+ (L )T~ - 0P + (1 m)F2
+7 - [n?H,tVtH +(1— n)?ptVtF] +

1 N .

—=(07 + ) - [nvaragi(h) + (1 — n)var,5:(f)]}

2
+tip. + o(JlE]?), (C.20)

and after substituting the expressions for }A/H’t, }A/F’t, }A/gt, }A/]?t we get

— -~ 1 —~
w;, = UsC{Cy  n®" 4+ (1 —n)®"] + 5(1 — p)C?
~ —— 1 ~ ~
(Y, + (L= mTY) = S[C7 +n(l - )T

L o _
—5n- [C7 + (L = m)T? + 20,9 — 2n(1 —n)Tyg"

_%@1 + 1) - [nvarpge(h) + (1 — n)varg.(f)]}

+t.4.p. + o(JI€]|?), (C.21)
which can be written as
w, = —UcC{=C,-[nd" + (1 —n)d"]
4500+ m)(Co— G + 51+ (1 = w)IT, — TP
F2(o ) - fvan(h) + (1= n)var ()]}

2
+t.4.p. + o[ €]1?). (C.22)
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Where the natural rate of world consumption and of the term of trade, which
will arise when prices are flexible, are defined as

=~ _ Uaviid w
o= —L (v, — ,
t p—|-7]< t gt)
T, = 1+n<9tR_Yt)-

By using equations (C.13) and after having defined ¢;" = CA'tW — CN't we obtain

w = ~UTL5(p+ el =2 + 50+ mn(l = )T, — T
45l ) Invani(h) + (1 = n)var i ()]}
+tip. +o([€]?), (C.23)

where 2V = —InC/C"*.
Here we derive var,g:(h) and var;g:(f). We have that

vary {logy:(h)} = o?var,{logp;(h)}.

Defining 7, =Eplogp;(h), we have

vary {logp,(h)} = vary{logpi(h) — B, 1} = En{[logpe(h) — B, 1]’} — (AP,)”
= o By {[logpi—1(h) = B, 1"} + (1 — o) [logpi(h) — B, 4]* +

_<AZ_%)2

= ovar, {logp,1(h)} + (1 — &™) logpy(h) — B, 1]* — (AF,)*.

We have also that

D =D = (1 - O‘H)[logﬁt“b) —De 1), (C-24>
from which we obtain that
H alt —\2
vary{logp,(h)} = o var,{logp; 1(h)} + m(Apt) :

But
P, = logPu, + o([¢]1),
which implies
H

() + o(¢]),

vary{logp,(h)} = o vary, {logp; 1 (h)} + I

o4



after integration of the above equation we obtain

very o (1)} = (o) vaxyflogp 1 (1)} +32(0) " T2 (! ol€])

where we note that the first term in the right hand side is independent of the policy
chosen after period ¢ > 0. After taking the discounted value, with the discount
factor 3, we obtain

OLH

> vasn{lomn)} = [y — i) 2 P+ iporolEl)

The same derivations apply also for the Foreign country. We define

H
di = a
(1=l —atp)’
aF = o
= T=ani=arp)
We can simplify (C.3) to
W,=-Q> Ly (C.25)
=0

where

Liy; = A[CK/H_EW]Q_I'n(l_n)P[ﬁJrj_Tt+j]+7<7rgj)+<1_7)(Wt]irj)‘l't'i-p-‘l’O(HSH3>7

which corresponds to equation (14) in the text, where WV =y and gV =W,
Furthermore
1. —
Q = EUCC(ndH + (1 = n)d")o(1 4 on)
L |
o nkb+ (1 —-n)kd’
o B |
o nkE 4+ (1 —n)ki’
. ndH?
’y =

nd” + (1 —n)df”

We note that when the degrees of rigidity are the same, i.e d = d¥, 7 coincides
with n.
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Appendix D
This appendix contains the proofs of some propositions of section 5.

Proposition 4

Proof. (i) By inspection of equation (11); (ii) the stochastic difference equation
(11) has always one eigenvalue with modulus less than 1 and one which is bigger
than 1 / (3. The unique and stable solution is given by

N N 00 1 s—t _

To=MTo + AkrE, S (7) 7.,

s=t 2

where A; is a positive eigenvalue of the second order difference equation (11), with

A1 less than 1; (iii) given the initial condition T3y = 0,if Tt~: T, at all dates
then from (10) it follows that 73 = 0 which contradicts Ty = T;. B

Proposition 5
Proof. We have that the AS equation of the region F, in the case its prices are

sticky, is »
i = —k‘f[nﬁ — :—;(@W — 6Ft>] + ﬂEtﬂtFHv (D.1)
where we have that ~ o h
Cry = m(yt — G )

Under the assumption that prices in region F' are flexible, we can observe that the
term of trade is implied by the term in the square brackets of (D.1), namely

. kE _
nly = —C(CtW — Cry). (D.2)

_k,‘f

Similarly rearranging the AS equation of region H we obtain

U 0 B ~
T =kp[(1—n)T; + k—%(CtW — Cio)] + BEy, (D.3)
T
where we have that . "
Cy,= ——(Y, —gH).
Ht p—|-7]< t t )
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After plugging (D.2) into (D.3) we obtain
u_ koraw
e = n [C — TLCHt — (1 — TL)CFt] + ﬂEtﬂ_HJ

By noting that C~'tW = né’H,t + (1 — TL)’CV'F’t, we reach the conclusion that by
stabilizing the inflation rate in region H at all date { monetary authority reaches
a path of consumption consistent with its efficient level at all dates ¢. Moreover if

C't C't it follows from (D.2) that Tt Tt

Proposition 6
Proof. Rearranging (D.2) we obtain

(T, =T = kF(cW am). (D.4)

T

In this case the welfare function is

W = —QFE, {io ﬂtLt} , (D.5)

t=0

with
Li=A-ly) =7 P +n(l—n)T [T, =T + (x]")* + tip + o([¢]*).

Noting that
ko
T = P "] + BE i1,

we can simplify the welfare to

W= —QEO{Zﬂ [0Y (7" — Bt ) + (7)) }+2QAkaH S (D.6)

where we have used (D.4) and where

1 —

n 141 n
The first order condition of (D.6) with respect to 7/ are at each date t > 0
B — (L4 (0") "+ B)m + 7y =0, (D.7)
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while at date 0
mo(1 4+ (0Y) 1) — pmy = AF n(kg6Y) L.
A stable solution for 7TtH is given by
a8 = Xmn
AV n
(At = B)kdeY

o

where A; is the stable eigenvalue of the difference equation (D.7) with 0 < A\ <
1..

Proposition 7
Proof. We can write relative and union inflation as, respectively

mft = =yl = T]+w[C — O]+ BB, (D.8)
W= O, — T+ slCY — O] 4 ARl
By contradiction if fT = TT and CA%V = CN'%V _at all dates 1" > {, we have that

& = 0 at all dates T > ¢, implying that Ty =T, 1 =0 (given the initial condition
T; 1 = 0), which contradicts T; = T} unless T; = 0 and this is for each date ¢. B

Proposition 10

Proof. The optimal plan can be obtained by taking the first order condition of

the following Lagrangian®®

Eo{ 3320 8 L + 26 [} — 0(T: = To) — kel — o} 1]+
F20y [Ty — Ty 1 + (T — Tt) — wei’ — B(Tey — Th)]}-

The first-order conditions are

Ac) - ki —wey, =0, (D.10)

T+ 20m) — b1+ 1 =0, (D.11)

2®Note that we have omitted the term €2, by normalizing the Lagrange multiplier.
We have also multiplied the Lagrange multiplier by a factor of two in order to
eliminate a recurrent factor of two from the first-order conditions.
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0 = n(l- n)P<Tt Tt) +a(r — pryiy) + 26(m — Br}y) +(D.12)
—0¢14 1 — Pop 1+ (L +B+Y)bor — Bbosin,

obtained by minimizing the Lagrangian with respect to CXV , WXV , ft.% These

conditions hold at each date ¢ with { > 1. They also hold at time 0, given the
initial conditions on the absence of commitment at time 0

¢1,71 = ¢2,71 =0,

and the initial condition on f,l which is imposed to be equal to zero. The optimal
bounded plan is a set of bounded processes {7}, 7t ¢!V, ft, 145 ¢2,t} that satisty
conditions (D.8), (D.9), (D.10), (D.11) and (D.12), given the initial conditions®"
and given the process for Tt. Noting that each of the first-order conditions hold
at each date ¢, they should hold under commitment also conditional upon the
information set at each date . We can rearrange the conditions characterizing the
optimal plan as

QEta:tH = Ma:t + ’UTt, (D13>

. / -
where () and M are 9 x 9 matrices, x, = [¢}", m}", TE, Ty, &4y Poys Pr. Sty Wy

while p; = ﬁ,l, St = P11, Wi = Pgyq, v is a 9 X 1 vector. Considering a
bounded stochastic process for the shock Tt, a bounded optimal plan exist and it
is unique if and only if the matrix (Q)flM has exactly three eigenvalues inside
the unit circle; in fact in the system of stochastic difference equations (D.13) there
are three predetermined variables. If we assume an autoregressive process for the
shock Tt = th 1 + &¢, where £, is a white noise and 0 < p < 1, the unique
bounded solution can be written as

y = Gz + hTm
Nz + nTu
Ty = plia+e

<t

where y; = [}V, m}¥, wF] 2} = [ft, $14, Pogls N and G are 3x3 matrices while

h and n are 3 X 1 vectors. Furthermore we can write the solution of the terms of

26We are considering only bounded solutions, thus we can neglect the set of
transversality conditions.

2TThis optimal plan is not time-consistent. Time consistency would have required
that the Lagrange multiplier were zero at all dates, but this is not feasible as a
solution.
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trade as

o~

det[/ — NL|T; = niT; + [Ni3ng + Nigng — Nogng — N33n1]Tt71
—|—[N22N33n1 — NogN3ang — NiaNagng + NigNogns +
+N13Nzong — N1z Noons) Ty o,

or more compactly as

G(L)T, = V(L)T,, (D.14)

where L is the lag operator and /(L) and V(L) are polynomials in the lag oper-
ators respectively of the third order and of the second order. Furthermore it can
be shown that also 7%, 7r}", ¢/' and the nominal interest rate 7; have the same

representations as in (D.14) with different polynomials but of the same orders B

Proposition 11
Proof. Our welfare function can be written omitting the term () as

W =FEgq2———
0{ wl 4+ YK

+oo
(Ot + wgwyW} — Fy {Z ﬂtLt} .

t=0
At each date £ with £ > 1, the first order conditions are exactly the same as in
Proposition 10, while at date ¢ = 0 we have that (D.11) and (D.12) are changed

1m
0=y A

T — mwyw + Qbfo + ¢110 (D15>

A
wl + YK
+2b(my — prY") — 0pro0+ (1+ B+ U)o — By (D.16)

0 = n(l—n)T(Ty—To) — 07" + a(Ty — Bl +

It easy to see, that the responses of the variables to the shock on the terms of
trade, are the same as in the case in which 7"V = 0. The only difference is only in
a deterministic component at time 0, that asymptotically approaches zero. ll
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Appendix E

In this appendix we sketch the main characteristic of the K-region extension. The
whole economy is populated by a continuum of agents on the interval [0,1]. Each
agent is both consumer and producer. Consumer of all the goods produced within
the economy, producer of a single differentiated product. In each sector a mea-
sure n; of goods is produced, with 7 = 1,2,..., K. We have that Zfil n; = L.
Preferences of the generic household j are given by

Ui = > lU(Ci) + I (ﬁff) - V(%Zi)} :

where everything has the same interpretation as in the model of the main text,
except that C7 is defined as

i = (e

and C'Z-j is an index of goods produced in region 4. Specifically,

o) L=

for 7 =1,2,..., K. In this case we can write total demand of good h produced in

fed

o—1

region k as

it = (B2) v+ 6

where the union aggregate consumption C" is defined as
1
oW = / Cidj,
0

and the relative price of region k with respect to the overall price index has been
defined as Pt = P, /P for k = 1,2,..., K. The supply side of the model is the
same except that we have to deal with K regions.

Here we note that Lemma 1 can be extended to this general context by ob-
serving that the first order conditions are the same as in the previous case as well
as the aggregate budget constraint of each region.
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In the log-linear approximation we use the following notation. Given a generic
variable X, a world variable X" is defined as the weighted average of the region’s
variables with weights n;

K
XW = Z niXi7
i=1

while a relative variable X is defined as

X=X, XV
while Xf;- as
The flexible-price solution is
~ W w
v = L7 g,
t Py 7]< ¢ 9 )
yw — NV 1 P W
‘ prn o
Pl = m(gﬁ —Yi)-

Here we discuss how the log-linear approximation of the equilibrium will behave
under the hypothesis of sticky prices. We obtain the log-linear version of the FEuler
equation and of aggregate outputs as

E@L =CV +p (R - Berl),
}A/i,t = —ﬁﬁ + atw ‘I‘gtiv
for each 7 = 1,2, ... K. Our set of AS equations will be
T = —kp (P — PR+ kL(C)Y — CY) + BEml,,,  fori=1,2.K
Furthermore the definitions of relative price imply
PRE=PF 4rai—a),  fori=12.K

The welfare criterion of the Central Bank is again the discounted value of a
weighted average of the average utility flows of all the households,

co K
W = EOZZﬂjniwzﬂ.

§=0i=1
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In this case we obtain

. e~ 1 .
wi = UcClC +5(1=p)(C) = (1= @) - Vi = 5 - Y,

1
2

Taking a linear combination of (E.1) with weights n;, we have

w = UG (8] + 5(1 - p)(C)

- > V)] - o (T

K

it

]

2

_ Ty
2 [7

— (o 4 1) - varyGos (h) + VY] + t.ip. + o([|€]%).

b [ ¥V = 50 4 ) - X moven ()

=1 =1

+t.ip. +o([l€]°),
Noting that

K K
>om(YE)" = (G + > m(B)
=1

=1

=1

K

S ) AW W SR

Z nYiYy = O Yy — Z nib Y,
; =1

K

K K
Sni(Vie)? = (CF)?+ Y n(PR)? =23 miPlgi, + 20" g},
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where ¢V = —lna/C'*.
Moreover we have that
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> B(m)? + tip. + o(lI€]7).



Defining ‘
OZZ

(1-a)(1—a'p)’

we can simplify the welfare function to

d' =

W,=-QY L, (E.3)
=0
where

K K
Loy = Alefy; ="+ TR ma(Bf — BT+ 37y ,)” + tip. + o([[€]1%),
i—1

=1

and
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UCU(Z nd")o(1 + on)
=1

=
Il
Q|+

(i nz‘(k‘ic)1>1
(ini(kfr)l>l 7
n,d*

(ZE, nid’)

We note that when the degrees of rigidity are the same, 7y, coincides with n;.

}1
Il
Q|+

Vi

Given this structure, some generalizations of the results of the main text follow
directly. Efficiency can be obtained only if K — 1 regions have flexible prices. In
this case monetary policy should target the inflation rate in the sticky price region.
If all the regions have the same degree of nominal rigidity, then the optimal policy
is to target to zero WXV . If we restrict the attention to the inflation targeting class
of policies, regions with equal degree of nominal rigidity should have the same
weight. For example, if only one sector has flexible prices, and the others have
identical degree of nominal rigidity, then it is optimal to target a weighted average
of the sticky-price inflations with equal weights.
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Table 1: Weights in Furo-GDP (%)

Germany 34.3
France 22.3
Ttaly 17.5
Spain 8.5
Netherland 5.7
Be-Lux 4.0
Austria 3.3
Finland 1.8
Portugal 1.5
Ireland 1.0

Source: Furopean Economy, No.63, 1997

Table 2: Wage Flexibility: The percentage Increase in Wages in Response
to a One Percentage Point Fall in the Unemployment Rate

Germany 0.55
France 2.22
Italy 2.07
Spain 0.17
Netherland 0.66
Be-Lux 0.65
Austria 1.43
Finland 0.48
Portugal missing
Ireland 0.80

Source: Nickell (1997)

65



Table 3: Optimal ‘Inflation Targeting’ Policy

Average Duration | RD = 1= | 5 | 1-6 | DR (%) |

1-—aoff

2 0.82 | 0.18 98.9
1.5 0.70 | 0.30 98.8
1.2 0.59 | 0.41 08.8

2 quarters 1 0.5 0.5 -
0.83 0.41 | 0.59 08.8
0.66 0.30 | 0.70 98.8
0.5 0.18 | 0.82 98.9
2 0.80 | 0.20 97.8
1.5 0.69 | 0.31 98.0
1.2 0.59 | 0.41 08.3

3 quarters 1 0.5 0.5 -
0.83 0.41 | 0.59 08.3
0.66 0.31 | 0.69 98.0
0.5 0.20 | 0.80 97.8
2 0.79 1 0.21 97.9
1.5 0.69 | 0.31 08.2
1.2 0.59 | 0.41 08.3

4 quarters 1 0.5 0.5 -
0.83 0.21 | 0.59 97.9
0.66 0.31 | 0.69 08.2
0.5 0.41 | 0.79 98.3
2 0.79 1 0.21 98.7
1.5 0.69 | 0.31 98.9
1.2 0.59 | 0.41 99.0

6 quarters 1 0.5 0.5 -
0.83 0.41 | 0.59 99.0
0.66 0.31 | 0.69 98.9
0.5 0.21 | 0.79 98.7
2 0.79 1 0.21 99.2
1.5 0.69 | 0.31 99.3
1.2 0.59 | 0.41 99.4

8 quarters 1 0.5 0.5 -
0.83 0.41 | 0.59 99.4
0.66 0.31 | 0.69 99.3
0.5 0.21 | 0.79 99.2
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Figure 1: Optimal Choice of the Weight 8 in the Inflation Targeting Class of Policies
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Figure 2: Welfare Comparisons, Average Duration = 2
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Figure 3: Welfare Comparisons, Average Duration = 3
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Figure 5: Welfare Comparisons, Average Duration = 6
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Figure 7: Deadweight Loss Reduction (%): Average Duration = 2
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Figure 8: Deadweight Loss Reduction (%): Average Duration = 3
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Figure 9: Deadweight Loss Reduction (%): Average Duration = 4

100

801+

60 [

%

40

20

2 4 6 8 10 12 14 16
Relative Duration



Figure 10: Deadweight Loss Reduction (%): Average Duration = 6
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Figure 11: Deadweight Loss Reduction (%): Average Duration = 8
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